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Abstract 

Postoperative infections are a major cause of harm to patients, and add substantially to the cost 

of healthcare throughout the world. Emerging data suggest that the way anaesthetists draw up 

and administer intravenous drugs to patients may be a previously unsuspected vector for post-

operative infections. I aimed to determine whether the intravenous bolus drugs drawn up and 

injected by anaesthetists in the operating theatre become contaminated by micro-organisms, 

through such failures. 

I conducted a study to answer the following questions: (1) are there failures in aseptic technique 

specifically during the drawing up and injecting of intravenous by anaesthetists? And, if so (2) 

do these failures result in the injection of micro-organisms during simulated anaesthesia? In 

this study, micro-organisms were isolated from five (13%) of 38 collection bags from 20 

simulated anaesthetics, and from the contents of ten of 197 (5%) used syringes.  

I then asked whether similar failures occur in clinical settings. To answer this question, I 

developed novel methods, (1) to incorporate 0.2 μm filter units into patients’ intravenous lines, 

and (2) to identify microbiological contamination (if present) from the filter units. In 300 

surgical cases, anaesthetists injected all bolus drugs, except propofol and antibiotics, through 

these filter units. Micro-organisms were isolated in 19 (6.3%) of 300 cases, and from residual 

drug in 55 of 2318 (2.4%) used syringes.  

The next step in this research will be to evaluate the clinical importance of these inadvertently 

injected micro-organisms - do they make a clinically important contribution to the incidence 

of postoperative infection? Therefore, in the final part of my thesis I present a protocol for an 

adequately sized, multi-centre randomised study to definitively answer the question: can 

postoperative infections be reduced by the use of filter units in selected groups of patients?  

 

Thus, I have shown that micro-organisms with the potential to cause postoperative infection 

are being injected into at least some patients during the administration of intravenous bolus 

drugs during anaesthesia. These findings, added to those of other investigators, suggest that 

anaesthetists may well be contributing to the clinical problem of postoperative infection, and 

justify further work to understand how to effectively improve this aspect of patient care. 
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Chapter 1: Overview  

Anaesthetists inject many intravenous (IV) drugs during every operation – on average 10 

injections per patient, and sometimes over 100.1, 2 When I first went into an operating theatre 

(OT) and observed the techniques involved in the preparation and administration of sterile, IV 

drugs, I was surprised at the contrast between the techniques of anaesthetists in the OT and the 

techniques that I had used during  my career as a pharmacist. My observations highlighted the 

fact that many anaesthetists (who are responsible for the preparation and administration of IV 

drugs in the OT) do not prepare IV drugs to the same aseptic standards as pharmacists. There 

is no doubt that postoperative infections, for example surgical site infections (SSI), are a major 

problem in healthcare.3, 4 Could the drugs injected by anaesthetists become a vector for 

infection, for example, through poor handling techniques, and could there be a link between 

my observations and postoperative infections?  

Thesis roadmap 

This thesis, which presents my research of these questions, consists of seven chapters and four 

appendices. Throughout the thesis the active, first person is used to indicate those parts of the 

research that I carried out explicitly, while the use of the third person indicates a team approach 

to the research. I have used the terms ‘drug’ and ‘medication’ throughout the thesis, but I 

recognise that many people are distinguishing between these terms5: in this thesis use of the 

term ‘drug’ means the same thing as ‘medication’. For the purposes of this thesis, I have used 

an operational definition of ‘postoperative infection’ as being an infection that develops 

following a surgical intervention. My research focuses specifically on surgical site infection, 

bloodstream infection, and pneumonia. 

Chapter 2 is a review of postoperative infections, infection control, the OT and anaesthesia. It 

provides a background to these topics, to place the results of this thesis into context, and gives 

a narrative review of the relevant published literature. 

Chapter 3 gives a review of the methods that we considered using in this research, and explains 

why we chose the methods we did. 
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In Chapters 4 and 5, I have incorporated text from published reports of our research. Parts of 

these chapters have been reproduced verbatim, or with minor modifications. A statement of my 

contribution is provided in the co-authorship forms. 

Chapter 4 describes a study undertaken in a high-fidelity simulator. In this study I cultured 

organisms from drugs injected by anaesthetists into simulated patients undergoing simulated 

surgical procedures, and from the contents of used syringes, and used needles. This work was 

extended in the laboratory and to the OT which is described in Chapter 5.  

Chapter 5 describes an OT study in which anaesthetists injected IV boluses of drugs through 

a 0.2μm filter unit attached to the IV line; I then back-flushed the filter unit in the laboratory 

to remove any contamination. The back-flushed fluid was subsequently filtered through a 

second, differently designed sterile filter unit. The membrane removed from the filter unit, and 

any micro-organisms cultured were identified. 

This work led to the development of a protocol for a study to investigate whether using a 0.2μm 

filter unit for the administration of IV drugs given during anaesthesia, would reduce the rate of 

postoperative infections in hip and knee arthroplasty and cardiac patients. The draft protocol 

was developed in conjunction with a team of experts and in consultation with a number of 

regulatory bodies, and is presented in Chapter 6.  

An overall discussion of this work is presented in Chapter 7, with a summary describing the 

main findings and implications for practice.  

These chapters are followed by a number of appendices: Appendix I contains the study 

protocol for Chapter 4; Appendix II contains the laboratory study protocol for Chapter 5; 

Appendix III contains the clinical study protocol for Chapter 5; and Appendix IV contains 

supplemental documents for Chapter 6. 
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Chapter 2: Introduction and review  

This chapter is a narrative review of the relevant, published literature. No grey literature was 

included. 

I carried out systematic searches by interrogating the databases (1980 to present) EMBASE, 

MEDLINE (Ovid SP), Google Scholar, Scopus and International Pharmaceutical Abstracts 

with the following search terms ‘aseptic’, ‘sterile’, ‘asepsis’, ‘contamination’, ‘technique’, 

‘administration’, ‘anaesthesia’, ‘operating theatre’, ‘drug’, ‘micro-organism’, ‘infection’, 

‘patient’, postoperative infection and ‘healthcare-associated infection’. I also included 

additional references found in the identified publications, references identified by my 

supervisors, and references that I discovered in my general reading. 

I begin this review by providing an introduction to healthcare-associated infections and the 

parenteral administration of drugs. This is followed by an overview of the OT environment, 

including the aseptic practices of anaesthetists in the OT. The chapter finishes with the rationale 

for the research presented in this thesis, and significance of the research should the outcomes 

be positive. 

2.1 Preface 

Hospitals, as places of “mercy, refuge, and dying”, have existed since before the birth of Christ, 

although it was not until the middle of the 19th century that hospitals became “houses of 

surgery”.6 This was due, in part, to the development of anaesthesia and the introduction of a 

novel concept to reduce infection called “antisepsis”. In 1865, Joseph Lister used carbolic acid 

as an antiseptic to prevent wound infection and two years later published “Antiseptic Principle 

of the Practice of Surgery”7 on its use. This publication heralded the advent of sterile surgery, 

preparing the way for infection control policies of today. 

2.2 Healthcare-associated infections 

After World War II the use of antibiotics increased. However, by the end of the 1960s, hospital 

infection rates began to increase, possibly due antibiotic over-use, or new technologies serving 

as reservoirs for infectious micro-organisms. These infections that were acquired, or occurred 
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in healthcare settings were designated “nosocomial”; this term has since been replaced by 

“healthcare-associated” infection.8  

The Centre for Disease Control (CDC) in the United States (US) defines a healthcare-

associated infection as:  

“...a localized or systemic condition resulting from an adverse reaction to the presence of an 

infectious agent(s) or its toxin(s). There must be no evidence that the infection was present or 

incubating at the time of admission to the acute care setting.”8 

2.2.1 Types of and risk factors for healthcare-associated infections 

In 2008 the CDC categorised 13 major types of infections as healthcare-associated infections 

(Table 2.1).8 

 

Table 2.1: Major types of healthcare–associated infections as categorised by the CDC, 

US, 2008.8 

Blood stream Eye, ear, nose, throat, or mouth Skin and soft tissue 

Bone and joint Gastrointestinal system Surgical site 

Cardiovascular system Pneumonia Systemic 

Central nervous system Reproductive tract Urinary tract 

Lower respiratory tract (other than pneumonia) 

 

These categories of healthcare-associated infections have been further defined as device-

associated (e.g. a bloodstream infection caused by a central line) or procedure-associated (e.g. 

a SSI or pneumonia which develops postoperatively).9 In the US in 2002, the most frequent 

type of healthcare-associated infection was urinary tract infection (36%) followed by surgical 

site infection (20%), bloodstream infection (11%), and pneumonia (11%).3 

A World Health Organization (WHO) report from 2011 identified risk factors for developing 

healthcare-associated infections which included (but were not limited to) age >65, undergoing 

surgery and admission to hospital as an emergency.3 Additional patient factors that increase 
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the risk of developing a postoperative infection include: nutritional status (obesity or poor 

nutrition), chronic liver, renal, or respiratory disease, diabetes, smoking, and steroid therapy.10  

In New Zealand (NZ), Nicholls and Morris11 analysed data collected from 932 inpatients in 

three Auckland hospitals on a single day in 1996. The authors listed extrinsic factors for the 

110 (12%) patients with a healthcare-associated infection: 36% had an IV catheter (a central 

line, peripheral line or both) in place, 29% had undergone a recent surgical procedure, 13% 

had a urinary catheter in place, 2% were ventilated, and 11% had other invasive devices in situ.  

The American Society of Anesthesiologists’ (ASA) classification of physical status is widely 

used to categorise a patients’ preoperative status (Table 2.2) and there is evidence that an ASA 

score greater than II increases the risk of patients developing a postoperative infection.12-14 

 

Table 2.2: American Society of Anesthesiologist’s (ASA) physical status classification.15 

Physical status 
classification 

Definition 

ASA I A normal healthy patient 
ASA II A patient with mild systemic disease 
ASA III A patient with severe systemic disease 
ASA IV A patient with severe systemic disease that is a constant threat to life 
ASA V A moribund patient who is not expected to survive without the operation 
ASA VI A declared brain-dead patient whose organs are being removed for donor 

purposes 

 

2.2.2 Postoperative infection rates 

The number of cases of postoperative infection from a NZ study carried out over 4 years (1996-

1999) is reported in Table 2.3.16  
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Table 2.3: Number of cases of postoperative infections in NZ (1996-1999). Adapted from 

Graves et al, 2003. 16 

Type of postoperative infection Number of cases (1996-1999) 

Surgical site  97 

Chest * 97 

Bloodstream  69 

All 553 

*= subsequently redefined in 2008 by the CDC as pneumonia and lower respiratory tract infection (see Table 2.1). 

 

The authors concluded that this prevalence was consistent rates reported internationally,17, 18 

and in a study published in 2014, Magill et al19  reported similar rates of postoperative 

infections in US hospitals where 4% of patients had at least one healthcare-associated infection.  

2.2.3 Sources of postoperative infection 

Postoperative infections are presumed to originate from the transfer of bacteria between 

hospital staff and patients.20, 21 Possible sources of bacteria may be endogenous, for example, 

where the patient’s own microbial flora colonise normally sterile areas, or exogenous (those 

external to the patient), for example health-care workers or implanted devices.3  

Endogenous factors 

The type of surgery and class of resulting wound is related to the risk of postoperative infection. 

The risk is increased with (1) abdominal surgery, (2) surgery of more than two hours duration, 

(3) contamination of the wound, and (4) three or more co-morbidities.22 Although this study is 

from 1985, other researchers have since confirmed these risk factors can influence the 

development of infection.23, 24 The CDC describes four classes of wound type based on 

anticipated contamination and subsequent infection.25 The classes (and examples of 

procedures) are clean (e.g. orthopaedic), clean-contaminated (e.g. abdominal), contaminated 

(e.g. large bowel surgery) and dirty or infected wounds (e.g. drainage of abscess).26 
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Exogenous factors 

It has long been thought that infections are caused by micro-organisms inoculating the 

operative site from sources such as hands, equipment, and the environment. 27, 28 This has led 

to improvements in infection control for the immediate surgical area e.g. the scrubbing of 

surgeons’ hands, the use of sterile gloves, gowns and drapes, the use of sterile equipment and 

the development of filtered air. However, despite these approaches, postoperative infections 

still occur. 

Human performance can be adversely affected by various factors including sleep deprivation 

and long work hours.29 There is also some suggestion that technical skills have a diurnal 

variation;30 however, the effect on adverse events of time of day or day of the week that the 

surgery occurs is inconclusive.31, 32 Some researchers have found a correlation, 29, 30 others a 

lack of correlation,33, 34 between the scheduling of surgery and adverse events, but research 

evaluating postoperative infections in this context is limited.  

2.2.4 Defining the micro-organism population 

Nicholls and Morris11 in 1996, cultivated micro-organisms from six types of healthcare-

associated infections: SSI, lower respiratory tract infection, skin/soft tissue infections, urinary 

tract infection, bloodstream infection and other infections. Of the 129 infections reported 29% 

were due to Staphylococcus aureus, 21% Esheriachia coli, 14% other Gram-negative bacilli, 

6% Pseudomonas aeruginosa, 6% streptococci species, and 6% Candida albicans. In a 

concurrent study conducted over a three-year period (1995-1997), and published in 2000, the 

same authors specifically investigated blood stream infections, and found a similar variety of 

micro-organisms.35  

The size of the bacterial load can be important in wound infections. Robson et al,36  estimated 

that evidence of infection occurs when the load is greater than 105 bacteria per gram of tissue. 

Another study proposed that the load may be much less (100 micro-organisms per gram of 

tissue) if foreign material is present e.g. sutures.37 By contrast, Ho et al,38 described the 105 

organisms per gram of tissue as one that was not consistent between all types of micro-

organisms nor patients, and therefore should not be used for routine monitoring.  
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2.2.5 Consequences of postoperative infections 

There are substantial personal costs, including suffering and hospitalisation, for patients who 

develop postoperative infections.39 A 2002 study in the US, compared patients following 

orthopaedic surgery who developed a SSI with patients who did not develop a SSI.40 The 

authors concluded that this type of postoperative infection, not only prolonged hospital stay by 

a median of two weeks per patient, but also doubled the rehospitalisation rates, more than 

tripled the direct cost of hospitalisation, and adversely affected patients’ quality of life.  

In 1996 a review of the US socioeconomic impact of postoperative infection gave an estimate 

of the prolonged hospitalisations due to postoperative infections of 6-24 days. The average cost 

of this prolonged hospitalisation was over US$3,580 (maximum estimated cost US$41,628) 

per patient (see Table 2.4).41 

 

Table 2.4: Prolonged hospitalisation, costs and mortality attributed to postoperative 

infection. Adapted from Jarvis WR, 1996.41 

Type of 
postoperative 
infection 

Increased length of stay 
(days) 

Associated 
average cost 

(US$) 

Attributable mortality 
(%) 

Surgical site  7-8.2 2,734 No studies 

Chest  6-20 4,947 6.8-30 

Bloodstream  7-24 3,061 16.3-35 

 

The estimated yearly costs of total healthcare-associated infections in NZ exceeds NZ$136 

million.42 The estimated prolonged hospitalisation and mean costs of postoperative infection 

in 1999 adapted from these data are shown in Table 2.5. The authors determined the cost of 

healthcare-associated infection in this study using the variables of; an estimation of the number 

of cases of infection, additional bed days per infection, and a point estimate of the cost per bed 

day. 
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Table 2.5: Prolonged hospitalisation and cost of postoperative infection in NZ, 1999. 

Adapted from Graves et al, 2003.42 

Type of postoperative 
infection 

Range of prolonged length 
of stay (days) 

Mean cost of postoperative 
infection*  
(NZ$ 2016 value)** 

Surgical site  5-13 42,705 

Chest  3-9 11,370 

Bloodstream  0-12 4,651 

NZ$= New Zealand dollar; *= accounting for variation in infection numbers, additional bed days and cost per 
bed day: **=from http://rbnz.govt.nz/monetary-policy/inflation-calculator 

 

2.2.6 Prevention of postoperative infections 

The prevention of postoperative infections has been the focus of many studies and guidelines.43-

46 A key strategy is appropriate hand hygiene, but other standard approaches include patient 

preparation (pre-operation cleansing), appropriate antimicrobial prophylaxis, and 

postoperative wound care.25, 43 

Innovative technologies to prevent postoperative infection are being developed to alter the 

bioburden of particular surfaces, including fabric, door handles, and telephones.47 These 

technologies include altering the structure of surfaces (to impair or delay the attachment of 

micro-organisms),47 and incorporating a heavy metal such as silver, zinc or copper (which have 

intrinsic antimicrobial activity).48 In addition, hydrogen peroxide vapour and ultraviolet 

radiation have been used to decontaminate rooms.49 These technologies are dependent on the 

setting where they are applied and its microbiological population, but they have shown promise 

in reducing microbiological numbers.47-49  

2.3 The operating theatre environment 

The OT environment is considered a ‘clean’ area. Many factors influence this state, the most 

noteworthy being the personnel within it.25, 50 Contamination (both microbiological and 

particulate) is kept to a minimum – measures range from the garb worn by staff only in the 

suite of operating rooms, to the cleaning of the theatres between each case. Attempts to 
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characterise and reduce the bioburden within the OT have met with varied success, and are 

reviewed below. 

2.3.1 Airflow, pressure, particles and micro-organisms 

Air entering a conventional OT is filtered to remove particles ≥5μm; in orthopaedic theatres 

the airflow system typically utilises high-efficiency particulate air filters which remove 

particles ≥0.3μm.51 The total volume of air changes within an OT is strictly controlled and 

monitored. For example, the CDC in the USA recommends that OTs be maintained at positive 

pressure and that room air be exchanged a minimum of 15 times per hour.25 

An OT is maintained at positive pressure to force air from the theatre into the adjacent areas.50 

Once the theatre is opened, i.e. when an OT door opens, there is potential for unfiltered air to 

enter. Thus the entry into, and exit of personnel and equipment from the OT should be 

controlled to those personnel or items of equipment that are necessary for that operation.  

Micro-organisms proliferate in locations that provide suitable conditions for growth i.e. light, 

nutrients, moisture, and temperature. However, they do not exist in the atmosphere by 

themselves: they adhere to particles, such as skin cells, droplets, or fomites.26 Studies have 

shown that controlling the numbers of particles in a specific area can lead to a decrease in 

microbiological counts51, 52 but particles settling from the air onto surgical wounds are still 

considered to be an important exogenous source of microbiological contamination, and hence 

a cause of infection.27 

Micro-organisms commonly found in OTs are those related to their occupants i.e. the staff and 

patients. Researchers have found that the following types of micro-organisms are common in 

the OT: Staphylococcus aureus, coagulase-negative staphylococcus (for example, 

Staphylococcus epidermidis), Micrococcus species, Corynebacterium species, Bacillus 

species, Gram-negative bacteria and Candida.52, 53 

2.3.2 Operating theatre personnel and their behaviours 

An obvious contamination source within an OT is the personnel present and their movements 

therein.50, 54 The number of personnel present in theatre can range from three to 2055 during a 

surgical case, and researchers have correlated the increase in numbers with an increase in 

bacterial numbers and infection.56 Humans typically shed between 2x108 and 10x108 skin cells 
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per day57 and in addition, an increase in physical activity or sweating increases the dispersion 

rate.20, 50, 58 The population of bacteria found on the human body has only recently been mapped 

and varies widely between healthy subjects.59 Factors such as gender and handedness can 

influence the diversity and abundance of this population;60 for example, males are typically 

more heavily colonised than females and bearded males even more so.61 It has also been 

reported that the microbial load differs between hands of the same person and can change over 

time.62  

The clothing worn in the OT is designed to be comfortable to wear and to reduce the passage 

of bacteria from the wearer.63 Head coverings are generally worn by all theatre staff, but 

evidence of their role for reducing postoperative infection is lacking.64 A study published in 

2007 demonstrated that outdoor shoes were heavily contaminated with micro-organisms 

compared to dedicated theatre shoes. The same study demonstrated that contamination levels 

on theatre shoes decreased during the day – possibly as a result of the frequent floor cleaning 

carried out in the OTs.65  

Items worn by theatre personnel can contribute to microbial and particulate numbers. 

Accessories, such as rings and wrist watches, can contribute to microbial numbers by 

harbouring micro-organisms or causing the skin to flake.66, 67 In addition, artificial nails can 

harbour micro-organisms,68 but in contrast, the wearing of nail polish does not appear to affect 

bacterial counts.69  

The health of theatre staff is also an important factor. In some conditions there is likely to be 

examples of increased microbial load, for example, in dermatitis. Beck-Sague and colleagues70 

studied an outbreak of seven surgical wound infections following 15 total hip arthroplasties in 

1988. They concluded that the most likely factor linking the infections was the presence of a 

circulating nurse who was found to have dermatitis (which can cause an increase in micro-

organism dispersal) on her hands and fingers.  

Facemasks 

The wearing of facemasks by theatre personnel who undertake sterile procedures, (i.e. are 

directly involved with the operating site or who handle sterile equipment), is considered 

mandatory. However, it remains unclear whether masks should be worn by non-scrubbed 

theatre personnel such as anaesthetic staff (i.e. anaesthetists and technicians) and circulating 
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nurses. A study published in 1991 compared wound infections in operations where all theatre 

staff wore masks with those where no masks where worn (except where staff were infectious).71 

The study concluded that the use of face masks might be reconsidered as they could find no 

significant difference in postoperative wound infections. Although the authors of this study 

acknowledged that postoperative wound infections are multifactorial, they could not account 

for many of these factors, nor did they provide a link between the micro-organisms cultured 

from the wound infections and the theatre staff (either with or without masks). Authors of a 

recent study recommended the wearing of a facemask when the operators’ face was close to 

the operative field, as masks prevented the dispersal of bacteria downwards when talking or 

head turning.72 Webster et al,73 investigated the wearing of facemasks by non-scrubbed theatre 

personnel and concluded that, in their study cohort, the rate of SSIs did not increase when non-

scrubbed personnel did not wear masks. However, this study was underpowered to show a 

statistically significant difference. A 2014 Cochrane review included three studies (including 

Webster et al)71, 73, 74 on the incidence of postoperative infections and the use of facemasks, but 

concluded that, due to the limited number of trials in this area, no definitive conclusions about 

the effect of facemasks could be drawn.75 Many hospitals now recommend that non-scrubbed 

anaesthetic staff do not need to wear masks except for treating patients susceptible to infections, 

those operations involving implants and regional anaesthesia procedures.76, 77   

Hand hygiene 

Increased hand hygiene has been considered the most likely method for decreasing 

postoperative infections.3, 78 The use of waterless, alcohol hand rubs or gels between hand 

washing and after the removal of gloves, has been shown to decrease microbial counts.78 

However, their regular use by anaesthetic personnel, even with strict guidelines and repeated 

education, may be sporadic.79, 80 In 2014, compliance with the 2009 WHO hand hygiene 

improvement strategy was surveyed in 2,238 healthcare facilities throughout the USA.81 The 

authors concluded that despite a low response rate to the survey (7.5%, n=168) progress was 

encouraging, but further improvements could be implemented. 

Recently, researchers compared the 30-day postoperative infection rate in patients who had 

undergone surgery in OTs where the operating staff used a body-worn, hand-rub dispenser or 

conventional intraoperative hand hygiene systems.82 In this study, although the rate of hand 

hygiene events increased significantly with the body-worn dispensers (4.3 events per hour 
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compared to 0.57 events; P<0.001), the rate of postoperative infections did not differ between 

the two groups.  

Gloves 

The 2009 WHO guidelines on hand hygiene, recommend the use of gloves by non-surgical 

staff for patient contact to prevent transfer of contamination between patient and staff: 

removing gloves before touching inanimate surfaces is also recommended in these guidelines.78 

In 1998, Wenger et al83 reported an outbreak of sternotomy site infections caused by Nocardia 

farcinica that could be traced to one anaesthestist. The infections terminated after the 

implementation of an intensified hand-washing re-education regimen and use, by the 

anaesthestist, of such barriers as gloves and gowns. This case demonstrates that (1) 

anaesthetists can contribute to SSI, and (2) appropriate measures can be successful in 

preventing infection. 

Surface transmission of microbiological contamination 

Anaesthetists frequently touch a variety of surfaces within the OT. For example, they come 

into direct contact with their patients’ skin when inserting IV lines, or mucous membranes 

during intubation. Inanimate objects such as telephones, computer keyboards, IV injection 

ports, anaesthetic machines and medication trolleys are also frequently touched by 

anaesthetists. Munoz-Price et al,84 established that anaesthetic personnel touch a total of 1,132 

surfaces (including IV drugs and objects on the floor) during eight hours of observation in the 

OT, but performed a total of only 13 hand decontaminations during that time. In a simulation 

study of ten 6-minute anaesthetic inductions, 40 potential sites within the work area were 

examined: a fluorescent marker was placed on the lips and inside the mouth of a manikin to 

illuminate areas that anaesthetic providers wearing gloves could have contaminated during 

induction and intubation.85 A mean number of 31 sites were stained; 13 sites (including the IV 

injection hub and anaesthetic machine) were contaminated in 100% of cases. Interestingly, sites 

that the participants were told not to use (e.g. computer keyboard) were also stained as was the 

handle of the exit door, even though participants had removed their gloves prior to leaving the 

OT. In a second simulation study the investigators tested whether donning a second pair of 

gloves prior to intubation, and removing the outer pair after intubation, would reduce the 

staining contamination.86 The number of sites contaminated by the fluorescent marker was 

significantly reduced when two pairs of gloves were used. These studies confirmed that, at least 
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during induction of anaesthesia, anaesthetists can be a vector for transmission of contamination 

of surfaces in the OT. 

2.3.3 Contamination of operating theatre equipment 

Small pieces of equipment necessary for each surgical case are commonly transported into the 

OT or are stored in the OT ready for use. Larger, essential items of equipment, for example the 

anaesthetic machine, or trolleys kept in the OT, are decontaminated each day and often between 

cases. General infection control guidelines that include decontamination procedures are 

available,87, 88 but the use of these, and their effectiveness varies.89  

Non-essential equipment can also be present in the OT, for example mobile communication 

devices, pendants, and personal belongings, and are potential microbial reservoirs or sources 

of cross-contamination. Brady et al,90 reviewed mobile devices and their microbial load, 

concluding that these devices carry potentially pathogenic bacteria with a contamination rate 

that ranges between 9-25%. They also considered the cleaning of mobile devices and 

determined that decontamination with 70% isopropyl alcohol significantly reduced bacterial 

contamination. Shakir et al,91 confirmed these findings and further demonstrated that the 

mobile phones were recontaminated to the same levels one week after decontamination.  

Drug containers 

Polypropylene is commonly used as a container for sterile drugs.92 Using a continuous 

production-line technology known as “blow-fill-seal” and under sterile environmental 

conditions, molten polypropylene is pressed into the desired shape in a metal cast, sterile air is 

blown in to form the container, which is then filled with the liquid drug and hermetically 

sealed.93 An advantage of plastic is that it will not break and shatter as glass does; however, 

glass is still used for drugs that, because of their chemical properties, are not stable in 

polypropylene. Type I borosilicate glass is more inert than polypropylene, can be sterilised and 

can be manufactured to prevent the contents being exposed to light (by incorporating a brown 

tint in the glass). Rubber septa can be incorporated as closures for multi-use vials containing 

liquid drugs or vials of freeze-dried drugs that are subsequently reconstituted with a diluent 

before use. 

Drugs can also be presented in commercially manufactured syringes that are prefilled by the 

manufacturer with each drug: this is common in the US. However, only a small number of 
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drugs are provided this way in NZ - the majority of drugs available in NZ are still provided in 

vials or ampoules.  

Storage systems for drugs and consumables 

IV drugs are manufactured by drug companies to ensure that the end product is sterile i.e. free 

from microbiological and particulate contamination. In the OT, IV drugs are presented sterile, 

in plastic or glass as ampoules, vials (with rubber septa) or in IV bags for infusion. There are 

various systems for the storage of IV anaesthetic drugs in the OT. One common method is in 

drawers within a medication trolley. Merry et al, 94 advocated that the drawers should be laid 

out in drug classes to provide ease of selection of drugs and reduce errors: this is done at 

Auckland City Hospital (ACH). Needles and syringes are provided sterile in plastic and paper 

packaging and are often used in combination to draw up drugs, and to administer them: it is the 

attachment of a needle to a syringe when possible microbial contamination can occur. The 

needles and syringes are often kept either on top of, or alongside the medication trolley, or in 

the drawers of the trolley. Anaesthetic staff replenish the drugs, needles, syringes and other 

anaesthetic equipment before or during each case; it is also their responsibility to ensure that 

the medication trolley and anaesthetic machine are decontaminated between cases. 

Syringe and needle manipulation 

Equipment such as needles and plastic syringes are designed to be disposable, but if they are 

used inappropriately, or not disposed of and then re-used, the possibility of cross-contamination 

increases.95 A 2012 review in the US, reported that between 2001 and 2011 more than 130,000 

patients had been advised by the CDC to have testing carried out for blood borne pathogens.96 

The tests were necessary due to the patients’ exposure to unsafe injection practices, including 

syringe re-use, re-use of single dose vials, and use of a single sodium chloride 0.9% IV bag for 

multiple patients. A 2000 survey of NZ anaesthetists found that 2.2% occasionally used the 

same syringe to administer drugs to more than one patient, 2.2% used prefilled syringes for 

more than one patient, and 41.3% used multi-dose vials for more than one patient.97 These are 

actions, which could result in cross-contamination and also transfer blood-borne pathogens. 

Methods employed to open packaging to remove needles, ampoules or vials have been shown 

to generate airborne particles leading to environmental contamination.98 In contrast, the careful 

separation of the packaging’s paper, known as ‘peel-and-present’, has been found to generate 

the lowest numbers of particles.98  
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Particulate contamination 

Opening glass ampoules can propel shards of glass back into the ampoule contents, which can 

then be extracted with the drug through a needle into a syringe.99-101 In addition, these glass 

shards could carry micro-organisms, which could then be drawn up in the same manner and 

subsequently injected with the drug. One solution to the problem of particulate contamination 

recommended by Yorioka et al,102 is to provide all drugs in commercially manufactured, 

prefilled syringes. The authors compared IV fluids prepared from conventionally opened glass 

ampoules with the contents of prefilled syringes; they found less glass contamination from the 

fluids mixed with drugs from prefilled syringes. However, at present few drugs are provided 

as prefilled syringes. 

A study in 2007 compared the growth of organisms from the inside neck of 50 opened glass 

ampoules that had been previously wiped with isopropyl alcohol and 50 ampoules that had not 

been wiped.103 None of the wiped ampoules grew micro-organisms compared with 18% of the 

non-wiped ampoules. These researchers then contaminated the necks of a further 100 glass 

ampoules with Staphylococcus aureus; 50 ampoule necks were swabbed with alcohol then all 

100 ampoules were opened and the ampoule contents tested for contamination. In this second 

experiment, the wiped ampoules resulted in no growth in the ampoule contents, while the non-

wiped ampoules all showed varying levels of contamination. This series of experiments 

confirmed results from a smaller study carried out in 1991.104  

Microbial contamination 

The microbiological contamination of the contents of used syringes from the OT has been 

investigated. Blogg et al95 collected 50 syringes from the OT, cultured the syringe contents 

(although the exact methods used to culture are not given), and found that 6% of syringes were 

contaminated. Staphylococcus aureus was grown from one syringe used for a patient 

undergoing mitral valve surgery, and Escherichia coli was grown from two syringes from two 

separate cases of the resection of an aortic aneurysm. In a second experiment, participant hands 

were contaminated with a marker organism (Serratia marcescens). The participants then 

withdrew nutrient-enriched broth from a vial into a syringe, and repeated this action (refilling 

the same syringe) up to 5 times. When subsequently sampled, at least 50% of the syringes had 

contents that had been contaminated at the second refill. The authors recommended that 

disposable syringes be discarded after a single injection as syringe contents can be 
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contaminated by soiled hands during syringe manipulation. In 1988, Lessard et al, reported a 

study in which 3% of syringes drawn up by anaesthetists in the OT were contaminated.105 They 

found Staphylococcus epidermidis and Corynebacterium species as well as Pseudomonas 

vesicularis and Enterobacter cloacae.  

Two studies, which have been carried out in obstetric OTs, have evaluated the contamination 

of drugs drawn up and stored in the OT.106, 107 In both studies, commonly-used, obstetric IV 

drugs were drawn up into syringes, kept in the OT and sampled at different time points. Both 

studies filtered the syringe contents through a 0.45μm membrane and plated the membranes 

onto nutrient agar, but found no contamination in any syringes after either 72 hours106, or for 

up to eight days.107 These studies indicate that it may often be the subsequent handling of 

syringes, and not their preparation, that introduces contamination. However, the studies 

sampled the contents of syringes that had not been used for anaesthesia, although the syringes 

had been drawn up in an OT. 

In a study by Stucki et al,108 tryptone soy broth was drawn up into 1500 syringes by a single 

operator: 500 syringes were each filled in three different environments – a laminar air flow 

cabinet located in a pharmacy aseptic unit, an OT and in the drug preparation area of a ward. 

This study did not investigate the type of contamination found, but visually compared the 

turbidity of the test syringes with syringes previously contaminated with known micro-

organisms. These investigators also tested three high-risk manipulations including three-

second contact to the hub of the syringe by ungloved fingers, three-second contact between an 

object and the hub of the syringe, and exposure of the test syringe to ambient air for 10 minutes. 

The first two of these manipulations were used to demonstrate the result of accidental contact 

of either ungloved fingers or objects which can occur when syringes are left uncapped, while 

the third (10-minute exposure to air) often occurs in the OT or ward. No syringes prepared in 

the aseptic unit were contaminated, but 6% of syringes prepared in the OT and 16% in the ward 

showed contamination. Contact between the syringe hub and ungloved fingers resulted in a 

contamination rate of 24% in the OT (10% in the ward); contact between the syringe hub and 

an object resulted in a contamination rate of 3% in the OT (67%) in the ward); and a 

contamination rate of 1% in both the OT and ward environment occurred after a 10-minute 

exposure to ambient air. The results from this study indicate that many syringes drawn up in 

the OT become contaminated, and that contact between the syringe hub and either ungloved 

fingers or other objects are possible causes of this contamination. However, the authors 
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concluded that although direct contamination of syringe contents from the air is possible, it is 

not frequent. The key findings from these five selected studies are summarised in Table 2.6. 

A recent study investigated three different handling techniques after drugs had been draw up 

into syringes in the OT: attaching a syringe cap to the filled syringe, attaching a filled syringe 

to the IV port, or replacing the uncapped filled syringe into the original wrapper.109 The syringe 

contents were tested for microbial contamination using three different methods. Firstly, a drop 

of the syringe contents was spread onto nutrient agar; secondly, the outer surface of the syringe 

hub was swabbed onto nutrient agar; and thirdly, the syringe contents were expelled and 

subsequently nutrient broth was drawn up into the syringe. The plates and syringes were 

incubated and any visible growth identified. The authors concluded that attaching a syringe cap 

to the filled syringe had the highest contamination rate and proposed that accidental contact 

with skin was the reason for the high rate. However, I could find no literature to suggest that 

attaching a syringe cap to a syringe will prevent microbiological contamination of the syringe 

contents, although it seems intuitive that it would. 

The handling of certain medication containers can also be associated with microbiological 

contamination. For example, the use of multi-dose vials, where multiple doses are extracted 

from a single unit for multiple patients, may result in microbial cross-contamination.110, 111 In 

addition, the handling of the vials prior to insertion of a needle attached to a syringe, can result 

in microbial contamination as the rubber septum underneath the manufacturers ‘flip-top’ lid is 

not sterile, and requires prior disinfecting with an alcohol-impregnated wipe.112  

Intravenous drugs and microbiological growth 

Certain drugs used in anaesthesia have an increased chance of microbial contamination because 

of their formulation characteristics, for example, drugs that are presented in a nutritional 

medium.113-116 In contrast, other drugs, for example, atropine,115 have inherent antimicrobial 

properties and, therefore, these drugs are unlikely to support microbial growth. Hence the 

possibility of microbiological growth in anaesthetic drugs ranges from substantial (for 

example, lignocaine117 and propofol114) to unlikely – each drug must be considered 

individually. 



 

 

Table 2.6: Key findings from selected publications pertaining to contamination of syringe contents 

Reference Size of study Methods Key findings 
Blogg CE et al, 
197495 

50 syringes collected from different OTs 
and syringes refilled with TSB up to 5 
times 

 Methods not reported  6% syringes contaminated with E.coli or S. 
aureus 

 50% syringes contaminated by second refill 
Lessard MR et al, 
1988105 

100 single-use syringes; 
Same anaesthetist 

 TSB drawn into a syringe and 
0.2mL plated onto nutrient 
agar and incubated 

 3% syringes contaminated with S. 
epidermidis, Corynebacterium sp., P. 
vesicularis or Ent. cloacae. 

Driver PR et al, 
1998106 

756 syringes prepared and stored in 
obstetric OTs for 8 days 

 Samples taken at day 0, 4 or 8 
 Syringe contents filtered 
through 0.45μm membrane  

 No growth from any syringe 

Wagner DS et al, 
2002107 

86 syringes prepared and stored in 
obstetric OTs for 30 days 

 Samples taken at day 7, 14, 21 
or 30 

 Syringe contents filtered 
through 0.45μm membrane  

 No growth from any syringe 

Stucki C et al, 
2009108 

1500 syringes prepared in three different 
environments: cabinet in an aseptic unit, 
OT or ward; 
Three high-risk manipulations: syringe 
left open to ambient air, syringe tip 
contacted with finger tips, or object (walls 
of cabinet, tray used to store syringes in 
OT, or vials in ward) 

 Syringes examined and 
compared to turbid syringes 
previously contaminated with 
micro-organisms 

 Syringe content growth: zero from aseptic 
unit cabinet, 6% from OT and 16% from 
ward  

 Exposure to air and non-sterile objects or 
fingers significantly increased levels of 
contamination 

OT = operating theatre; TSB = tryptic soy broth; E = Escherichia; S = Staphylococcus; sp. = species; P = Pseudomonas; Ent = Enterococcus. 
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2.3.4 Propofol – a special case  

The short-acting general anaesthetic propofol [2, 6-di-isopropylphenol] requires special 

mention. The drug molecule is highly lipophilic, resulting in poor water miscibility. It was 

developed in the United Kingdom (UK) and the first clinical trials were conducted in 1977 

using a 1% concentration solubilised as a mixture of propylene glycol esters and alcohol.118 

Propofol proved to have a rapid onset of action, short duration of action, and minimal side 

effects. However, because of anaphylactic reactions thought to be due to the propylene glycol 

component, this preparation was withdrawn from production.119   

In 1986, a new formulation of propofol was launched in the UK and NZ.120 This formulation 

incorporated the highly lipid soluble propofol as an emulsion containing glycerol, purified egg 

phosphatide, sodium hydroxide, soya bean oil in an aqueous (water) base. Lipid emulsions 

provide a rich source of nutrients for bacterial growth, and an association between the new 

formulation of propofol and postoperative infections started to be reported in the early 

1990’s.121-125 Bennett et al, 121 reported that from June 1990 to February 1993 (i.e. 32 months), 

49 patients developed infections that were traced to contaminated propofol: twenty patients 

were re-hospitalised, eight had their hospital stay prolonged, eleven had additional surgical 

interventions, and two patients died. To stop this, the manufacturer provided an extensive 

educational programme for anaesthesia personnel, and also changed the product information 

to include explicit handling instructions. These instructions included the use of alcohol to 

decontaminate the neck of ampoules or rubber septa of vials, drawing up the emulsion 

“aseptically”, single patient use, and replacing infusion systems after six hours.125 Despite these 

efforts, clusters of infections still occurred and, as a result, the manufacturer added ethylene-

diamine-tetra-acetic acid (EDTA) to their formulation in 1996.126 As a preservative, EDTA 

does not prevent micro-organisms from contaminating the formulation, but does retard their 

growth if micro-organisms are introduced.127 Propofol is commercially manufactured world-

wide either with or without EDTA: the product currently available in NZ does not contain any 

preservative and is presented in both vials and ampoules. 

Modifying propofol formulations 

A common side-effect of propofol is pain upon injection, which has been reported in 92% of 

patients.128 A number of strategies to prevent this have been developed including modifying 

the formulation by increasing the propofol concentration; decreasing the volume of the oil; 
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adding different oil constituents; and changing to a micro-emulsion formulation.118 Two 

additional strategies include reformulating the propofol as micelles (lipid molecules that are 

arranged in spheres in aqueous solutions) or as a prodrug (a biologically inactive compound 

that is metabolised in the body to produce an active drug).118 However, the strategies also have 

their problems: lower lipid content actually increases the pain on injection while the prodrug 

has a slower onset of action and longer duration of action. The newer micro-emulsion and 

micellar formulations appear to be more promising as they do not utilise lipids.129 However, 

the micro-emulsion formulation causes significantly more pain on injection than the original 

formulation130 or, as with the micellar formulation,131 has only been trialled on animals.132, 133 

Some propofol formulations that are currently commercially available contain long-chain and 

medium-chain triglycerides to overcome the pain on injection;134 another strategy has been to 

add lignocaine immediately prior to injection.135 Both of these approaches have varied success, 

but neither solves the issue of the emulsion providing a nutrient-rich medium for microbial 

growth. 

Handling propofol in anaesthesia 

The problem of microbiological contamination of propofol has been less well studied, perhaps 

due in part to the perception (by the manufacturers) that the liability of introducing 

contamination has been shifted to anaesthetists with the provision of clear, printed handling 

instructions (as mentioned above).  

The contents of an unopened ampoule or vial of propofol are sterile, and should be handled 

with care to prevent contamination. Once the propofol has been contaminated (in an ampoule, 

vial or syringe) micro-organisms will proliferate.122 Seeberger et al136 studied patients who had 

undergone surgery with either propofol or thiopentone and compared rates of postoperative 

infection. They showed that the use of propofol ampoules did not increase postoperative 

infection if the anaesthetic personnel were instructed on its safe handling techniques, such as 

those mentioned previously, prior to its use in surgery.  

The overarching message from these studies is that strict aseptic technique during the handling 

of propofol is important.  
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2.4 The parenteral administration of drugs 

Sterile parenteral preparations are administered by injection, infusion or implanted into the 

body.137 Injections and infusions can be formulated as solutions, emulsions, or suspensions and 

are intended for IV, subcutaneous, or intramuscular administration when other routes, for 

example, the oral or rectal routes, are unavailable.138 The parenteral administration of drugs 

requires exemplary aseptic preparation and administration techniques to preserve sterility, as 

the natural defence mechanism of the skin is bypassed.139 Some of the techniques used to 

prepare and administer parenteral drugs are reviewed below. 

2.4.1 Administration of intravenous drugs 

Intravenous anaesthesia was introduced in 1656 by Christopher Wren using a goose quill and 

a bladder to inject wine and ale into a dog’s vein. However, it was not until the mid-19th century 

that the first purposely designed hypodermic syringe was used to inject morphine into a human 

patient.140 Additional IV drugs that were trialled for anaesthesia included barbituric acid, 

chloral hydrate, ether and alcohol. In the past century, drugs such as thiopental, mexohexital, 

ketamine, and propofol have also been developed for use in anaesthesia.  

Intravenous drugs given by bolus injection in the OT can be administered to patients by several 

means, for example, via an injection port in the IV fluid line, via a port incorporated in the IV 

cannula, via the central line or via an injection port on the cardiac bypass machine. To prepare 

a drug in a syringe for immediate parenteral administration, firstly the sterile needle must be 

attached to the sterile syringe, secondly the ampoule must be opened, and thirdly, the contents 

of the ampoule drawn into the syringe. Typically, drugs are drawn up into syringes from glass 

or plastic ampoules or vials; each syringe is attached as needed (sometimes via a needle) to the 

injection port. Fluids are often administered through the same giving set, or via additonal sets 

and cannulae. 

2.4.2 Guidelines for IV drug preparation and administration 

Quality assurance procedures 

In the context of this work, quality assurance denotes procedures that are mandatory and are 

conducted to ensure that products or processes are of suitable quality or “fit for their intended 

purpose”.141 Quality assurance for drug manufacture and administration includes ‘Good 
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Preparation Practice’ and ‘Good Laboratory Practice’, and includes elements such as training, 

environmental controls, and microbiological testing of processes and the environment. 

Drug preparation by allied health workers 

Allied health-care workers who may be involved in drug preparation e.g. pharmacists, are 

governed by statutory regulations and guidelines. For NZ pharmacy personnel preparing sterile 

drugs in hospital aseptic units, the standard used (PE 010-4141) is from the Pharmaceutical 

Inspection Convention and Pharmaceutical Inspection Co-operation Scheme. These standards 

provide guidance on the principles of aseptic processing including training, premises and 

equipment, clothing, monitoring, documentation, and cleaning. NZ is a member of this group 

and has adopted these standards as part of the Health and Disabilities Pharmacy Services 

Standard (NZS 8134.7 2010).142 

The US Pharmacopeia (USP) includes a chapter entitled “<797> Pharmaceutical compounding 

– sterile preparation”.143 In this comprehensive chapter there are definitions for ‘low-risk’, 

‘medium-risk’ and ‘high-risk’ compounding (i.e. preparing) procedures which relate to the risk 

of microbial contamination. These are dependent on such features as operator training, use of 

sterile or non-sterile ingredients, the compounding environment and the manipulations 

involved in the compounding process. A fourth definition, ‘immediate-use’ pertains to products 

that are intended for immediate use on a patient or in emergency situations. Features of 

‘immediate-use’ procedures include a ‘simple transfer of ingredients’; the use of ‘strict aseptic 

technique during preparation’; and that the administration ‘begins no later than one hour after 

the start of compounding’ (or the preparation should be discarded). It should be noted that 

Chapter <797> of the USP is being updated in 2016 and these definitions are likely to be 

redefined.  

Administration of drugs by anaesthetists 

In some countries, information regarding current infection control policies for anaesthetists is 

available from their controlling body in the country of their practice. For example, in the UK, 

the Association of Anaesthetists of Great Britain and Ireland144 has produced guidelines for 

infection control in anaesthesia, including information on the single-use of needles and 

syringes. In contrast, the American Society of Anesthesiologists guidelines145 give instructions 
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on medication and fluid use in the immediate patient treatment area and provide details on how 

to manage aseptic techniques and the drawing up and administering of drugs (see Box 2.1).  

 

Box 2.1: Recommendations on medication and fluid management in near-patient areas. 

Adapted from ASA Recommendations for Infection Control for the Practice of 

Anesthesiology (Third Edition). 145 

A vial’s rubber septum or the neck of a glass ampoule should be cleansed with an 
alcohol swab before entering. 

Syringes should be capped when not in use. 

IV injection ports should be cleaned with alcohol prior to entry. 

Stopcocks, injection ports…should be maintained with sterile and aseptic techniques. 

Stopcocks should be covered with sterile caps or syringes when not in use.  

 

The Australian and New Zealand College of Anaesthetists (ANZCA) 2015 guideline “PS28 

Guidelines on Infection Control in Anaesthesia” states that “Contamination of drugs should be 

avoided.” and “It should be recognised that filter needles need to have a 0.2 micron filter grade 

to be effective in excluding micro-organisms.”146 However, there are no specific directives on 

when to use filter needles. This guideline also states that “Proper aseptic technique must be 

strictly followed when administering intravenous injections to a patient. This includes wiping 

the outer surface of the rubber stopper and its injection site with suitable disinfectant 

wipe/swab and allowing it to dry before inserting any device into the vial.” There is no 

indication if this is also necessary for ampoules apart from “Care should be taken to avoid 

contamination of drugs being drawn up into a sterile field from ampoules or vials which are 

not in sterile outer packs.” The 2009 ANZCA document “PS51 Guidelines of the Safe 

Administration of Injectable Drugs” goes only as far to say “Contamination of the drug must 

be avoided” without giving details of how this is to be achieved.147  

Recently, infection control personnel in the USA formed a working group to develop an 

anaesthesia infection prevention assessment tool with an evidence-based reference list.148 The 
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aim was to provide infection control teams with a tool to help them to develop organisational 

infection control policies for anaesthesia care and to define safe practices as well as audit those 

practices or to measure the impact of quality improvement initiatives. The tool covers such 

issues as hand hygiene, personnel attire, workflow, safe injection practices and IV therapy. 

Specific actions include swabbing “…using friction…” the septa of vials and IV ‘hubs’, 

disinfecting ampoules with sterile swabs and allowing them to dry before opening, using filter 

needles to access ampoule contents, covering stopcocks with a sterile cap when not in use, and 

proper disinfection of anaesthesia-related equipment at the end of each case. This tool is 

potentially useful, but it remains to be seen if it gains wide-spread acceptance within the 

anaesthetic community. 

2.5 Anaesthetists’ aseptic practices in the operating theatre 

2.5.1 The anaesthetist 

Anaesthetists in NZ are specialist doctors whose duties include development of an anaesthetic 

plan, administration of anaesthetic agents (including drugs) and management of the immediate 

postoperative care of their patients.149 The training to become an anaesthetist in NZ involves 

two years of hospital-based study following graduation from medical school, and a further five 

years of vocational training. Anaesthetists can then study sub-specialties such as obstetric, 

neurology, cardiac, and paediatric anaesthesia as well as pain management. An anaesthetist is 

responsible, amongst other things, for providing his or her patient with a safe anaesthetic, which 

comprises four components – hypnosis, analgesia, muscle relaxation and patient homeostasis. 

To perform their duties in the OT and provide these four components, anaesthetists have a 

range of drugs available to them. 

2.5.2 Aseptic practices in IV drug preparation 

It seems that many healthcare workers, including anaesthetists, may not always be aware of the 

risk of contaminating IV drugs during preparation in near-patient areas:150 they may reason that 

because the drugs they draw up are for immediate use, the risk of infection is small.151 

Austin and Elia in 2013, compared the contamination rates of syringes (n=778) prepared in a 

ward environment by ward nurses and a pharmacy-trained aseptic operator.152 The 

contamination rate of syringes drawn up by nurses was significantly higher than the 

contamination rate of the pharmacy-trained operator (6.9% vs 0.0%). The authors concluded 
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that the appropriate training and experience of the pharmacy operator had led to the lower 

contamination rate: the pharmacy-trained operator had worn gloves, and cleaned the work 

surface and each ampoule neck with alcohol before preparing the syringes.  

Researchers in the USA153 have demonstrated that anaesthesia providers have a direct impact 

on bacterial transmission and infection rates in surgical patients, frequently contacting 

potentially contaminated parts of their patients (e.g. mouths, pharynxes, nares). Moreover their 

rates of hand hygiene actions are less than once per hour,154 and they rapidly and widely 

contaminate their work environment.155 Twelve to 16% of multiuse injection ports through 

which drugs are administered contain bacteria within six hours.156 Crucially, there is an 

association between contamination of these ports and postoperative mortality.157 

The microbial cross-contamination of surfaces and devices and their links to postoperative 

infection have been studied by a group of researchers in the US.154, 155, 157-160 Loftus et al,155 

showed that potentially pathogenic micro-organisms are transferred from anaesthetic machines 

to IV stopcocks during the practice of anaesthesia. In 2011, the group linked this finding to the 

contaminated hands of anaesthesia personnel and environmental sources on the anaesthesia 

machine.158 The group concluded that there were multiple, possible sources of bacterial 

contamination including patients, provider hands and the anaesthetic environment and that 

these sources contributed to postoperative infection.157 In this study, confounders such as 

comorbidity, patient illness or procedural complexity were independent factors and were not 

associated with the rate of post-operative infection. The use of novel devices for hand 

sanitisation, device disinfection, and catheter design were studied by the group.154, 159, 160 These 

three innovations reduced bacterial contamination and in addition, the use of two innovations 

(a body worn, hand–rub dispenser and catheter re-design) lead to a decrease in postoperative 

infection. The key findings from these studies are summarised in Table 2.7. 

Recently the same group has undertaken secondary analysis of the micro-organisms from their 

earlier studies.161-163 Using the bacterial strains from a previous study,157 the group focused 

their attention on Staphylococcus aureus, Gram-negative bacteria and Enterococcus, as these 

micro-organisms are known to cause postoperative infection. The researchers found that the 

three micro-organisms originated from different sources, had different virulence and could be 

linked to 30-day postoperative infections (Table 2.8). 



 

 

Table 2.7: Key findings from selected publications pertaining to cross-contamination of surfaces and devices. 

Reference Size of study (n) Methods or sample location (s) Key findings 
Koff MD et al, 
2009154 

28 operating suites; 
111 cases,  

• Hand hygiene frequency, bacterial 
transmission and postoperative 
infection with or without a body-
worn, hand-rub dispenser 

• Two sites on anaesthetic machine 

• The use of the device increased decontamination events 
• Bacterial transmission and postoperative infection 

subsequently reduced 

Loftus RW et al, 
2011158 

28 operating suites; 
82 pairs of cases 

• Anaesthesia providers (attending, 
residents and registered nurse 
anaesthetists) 

• Two sites on anaesthetic machine 

• Anaesthesia provider hand contamination was a source of 
intraoperative contamination 

• Other risk factors were also identified e.g. ineffective 
decontamination strategies 

Loftus RW et al, 
2012157 

548 cases; 2640 
hands, 1087 patient 
samples, 2170 
environmental sites 

• Provider hands 
• Patient nasopharynx, axilla 
• Two sites on anaesthesia machine 
• Peripheral tubing 
• 3-way stopcocks 

• Bacterial reservoirs including patients, provider hands and 
their environment contributed to cross-contamination of 
IV stopcocks 

• These reservoirs were intricately related 
• Bacterial pathogens in these reservoirs could contribute to 

postoperative infection 
Loftus RW et al, 
2012159 

28 operating suites; 
468 ex vivo cases 

• Needleless device: with or without 
disinfection, or conventional 
stopcock.  

• Needleless device plus disinfection showed significant 
reduction in bacterial injection 

Loftus RW et al, 
2012160 

28 operating suites; 
572 cases 

• Care station designed to clean 
connections with alcohol or standard 
stopcock 

• 30-day postoperative infection and 
phlebitis. 

• Care station bundle significantly reduced bacterial 
contamination 

• Which correlated with a reduction in 30-day postoperative 
infection and phlebitis 

• Contamination was due to coagulase-negative 
Staphylococcus, Staphylococcus aureus or Pseudomonas 

IV= intravenous 
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Table 2.8: Key findings of the secondary analysis from recent publications by Loftus et 
al. 

Reference Key findings 

Loftus RW et al, 
2015161 

• Identified Staphylococcus aureus with different strain characteristics 
– one from the anaesthesia provider and one from the patient 

• Provider strain is transmitted via the hands of the anaesthesia 
provider  

• Patient strain is transmitted via environment and is the more virulent 
(compared to the provider strain) 

• Exposure to ward and/or ICU prior to surgery increases colonization 
by virulent Staphylococcus aureus 

Loftus RW et al, 
2015162 

• Gram-negative bacterial transmission occurs frequently and is linked 
to 30-day postoperative infections 

• Top five strains found Acinetobacter, Pseudomonas, 
Brevundimonas, Enterobacter and Moraxella  

• Environment or patient skin surfaces are more likely to be 
contaminated than provider hands 

Loftus RW et al, 
2015163 

• Anaesthesia provider hands are a common source of contamination 
by Enterococcus  

ICU = intensive care unit 

 

To summarise: Loftus’s research group has provided linkages between anaesthetic provider 

hands, patients, IV stopcocks and postoperative infection. In addition, they have in part, 

provided the means to reduce these infections by the use of needleless injection ports or a care 

station bundle (see Table 2.7).  

The potential contribution of anaesthetists to postoperative infection has largely been 

overlooked, though the data outlined in this chapter shows that it is important. In addition, other 

evidence suggests that changes in practice can significantly affect healthcare-associated 

infections. The seminal project, which involved implementing a bundle of simple, evidence-

based initiatives to improve the way anaesthetists and intensivists insert central venous lines, 

reduced the median rate of catheter-related bloodstream infections per 1,000 catheter-days 

from 2.7 pre-intervention to zero at three months.164 These initiatives have been associated with 

reductions in mortality165 and healthcare costs.166  It is therefore plausible that other tasks 

carried out by anaesthetists could a) contribute to postoperative infection and b) be amenable 

to improvement through simple measures.  
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Anaesthetists inject many IV drugs during every anaesthetic – on average 10 injections per 

patient, and sometimes over 100.1, 2 In a busy perioperative environment where multiple drugs 

are drawn up and used, sometimes in a hurry, it is not surprising that strict aseptic technique 

may sometimes break down (see Box 2.2).  

 

Box 2.2: Observations on anaesthetists’ aseptic practice in handling drugs (sources: the 

Hand Hygiene Programme of the HQSC, Gargiulo et al. 2012,167 and anecdotal 

observations by me and my supervisors). 

In NZ (and other countries), anaesthetists (like other doctors) fail to comply with WHO’s 

five moments of hand hygiene in over 30% of opportunities for hand hygiene. Note that 

to comply perfectly they might sometimes need to use alcohol rubs a hundred times a day 

or more. 

Sterile needles are used to draw up drugs from ampoules into syringes before the drugs 

are injected into patients. These needles should be kept sterile, but we have noticed that 

they are sometimes accidentally touched by anaesthetists’ fingers or thumbs. Or 

sometimes the needles accidentally touch the outside of the ampoule before being put 

through its narrow neck - and of course the outside of an ampoule is not sterile. 

Once drawn up, syringes of drugs are often kept for hours so that repeated doses can be 

injected over long anaesthetics. The tips of these syringes should be capped or at least 

kept clean; often they are not capped and often they end up touching various surfaces; 

even, on occasion, the sheets on patients beds in the OT or the inside of anaesthetists 

pockets. 

Anaesthetists seldom use alcohol wipes to clean the tops of vials or ampoules before 

drawing up drugs. 
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2.6 Key points 

1. Postoperative infections are a major, world-wide problem. 

2. Anaesthetists may be contributing to postoperative infection by their actions in the 

administration of IV drugs. 

3. The aseptic techniques of anaesthetists in the preparation and administration of IV 

drugs have not been extensively investigated. 

4. There is a paucity of evidence specifically linking failures in aseptic techniques of 

anaesthetists handling of IV drugs to microbiological contamination and subsequent 

postoperative infection. 

2.7 Rationale for the research described in this thesis 

The review presented in this chapter indicates that postoperative infections are a major, world-

wide problem, and that the microbial bioburden of an OT is an important factor in the 

development of postoperative infection. For many years now, efforts have been made to 

address the primary mechanism of surgical wound infection – direct inoculation at the time of 

surgery. These efforts have included attempts to decrease the numbers of micro-organisms and 

particles within the OT. However, rates of SSI are still surprisingly high, and there is still 

considerable room for improvement in the levels of potential contaminants in the OT.  

As I outlined earlier in this chapter, when drugs for IV administration are prepared in the OT, 

a number of processes are carried out. If there are failures in the aseptic technique in any of 

these processes, then the sterility of the IV drug will be jeopardised. Administration of IV drugs 

bypasses the body’s primary defence (the skin), thus any failure in aseptic technique in the 

drawing up and injection of IV drugs represents a serious, potential threat to patients. Guidance 

on infection control for invasive procedures, for example, vascular cannulation, is available,146 

but is scarce for the IV administration of drugs and fluids to a patient. Observation by me and 

my supervisors (see Box 2.2), suggests that the techniques used by anaesthetists in the 

preparation and administration of IV drugs often fall short of the aseptic practices of other 

professional groups, such as compounding pharmacists.  
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Therefore, we decided to address the following research questions: 

1) Would our anecdotal observations of frequent failures, by anaesthetists, in aseptic 

technique during the drawing up and injecting of IV drugs be confirmed if studied more 

formally? 

2) If confirmed, are these failures in aseptic technique in the drawing up and injecting of 

drugs by anaesthetists resulting in the injection of micro-organisms into patients? And 

does the injection of micro-organisms into patients occur at a rate which is of clinical 

concern?  

3) If the injection of micro-organisms into patients is common enough to be of potential 

clinical concern, are these micro-organisms in fact making a clinically important 

contribution to the incidence of SSI, pneumonia, sepsis and other forms of 

postoperative infection? 

2.8 Research aim and objectives 

The overall aim of the research reported in this thesis was to determine whether the IV bolus 

drugs drawn up and injected by anaesthetists in the OT are sometimes contaminated by micro-

organisms through failures in aseptic techniques, thereby representing a previously 

unsuspected vector for postoperative infection. Note that, for the purposes of this work, the 

sterility of the commercially manufactured drugs is not in question (although rare failures have 

been reported168). 

Specific objectives for the work presented here were:  

 To take advantage of concurrent research in which anaesthetists managed highly 

realistic simulated patients, injecting real drugs in the same way that they would in 

clinical practice; to observe anaesthetists aseptic techniques in drawing up and 

administering IV drugs; and to identify the frequency with which the IV drugs become 

contaminated with micro-organisms in the process of drawing up and injecting them.  

 To develop and validate a method for capturing micro-organisms introduced during the 

preparation and administration of IV drugs used for anaesthesia in the OT. 
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 To determine whether microbiological contamination of IV drugs during their 

preparation, and administration by anaesthetists in the OT is occurring at a frequency 

that could potentially be clinically important in the clinical environment.  

 To investigate the microbiological contamination in the residual drug in syringes 

retained for further possible use for drug administration.  

2.9 Potential significance of this research 

Healthcare-associated infections are amongst the most frequent adverse events in health care 

worldwide.3 There are considerable personal costs for patients who develop postoperative 

infections, including time off work, suffering, and an increased risk of dying.42 It is notable, 

that a 1989 Swedish study showed that, when compared with uncomplicated knee 

replacements, patients whose prosthesis became infected required three times as many 

operations, 10 times as many days in hospital, five times as many outpatient visits, and four 

times as many radiographic examinations.169 

There are also substantial financial costs associated with postoperative infection, due to 

prolonged hospitalisation and the associated extended care.40-42 For example, $16,000 for a SSI 

after hip or knee arthroplasty170 and approximately $45,000 after a single episode of post-

sternotomy deep SSI (mediastinitis).171 These figures equate at a national level annually, to 

NZ$2million for hip or knee arthroplasty and NZ$1.35million for mediastinitis.172, 173 If our 

research leads to initiatives to prevent just a small proportion of these infections, substantial 

savings could be achieved, and many patients spared considerable suffering. 

In addition, it should be noted that as antibiotic resistance has risen dramatically over the past 

ten years, becoming a world-wide threat to public health.174 Recent strategies including 

cautious use of antibiotics and prevention of bacterial transmission have been developed by the 

WHO175 and others176 to curb antibiotic resistance. Another possible strategy leading to 

decreased postoperative infections and hence a reduction in the over-use of antibiotics, might 

be to prevent the introduction of micro-organisms into patients in the first instance. 

It seems clear that there are potential health and economic benefits in preventing postoperative 

infections. A finding that micro-organisms injected during anaesthesia due to failures in aseptic 

technique contribute to postoperative infection, would be expected to translate directly into a 
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change in clinical practice in NZ, and internationally, with potential to reduce the human and 

financial costs of postoperative infection substantially.   
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Chapter 3: Research methodology 

3.1 Introduction  

In the previous chapter, I identified potential sources of microbiological contamination in the 

OT which required investigation, including the preparation and administration of injected drugs 

for anaesthesia. This led us to pose the following research questions: 

1) Will our anecdotal observations of frequent failures, by anaesthetists, in aseptic 

technique during the drawing up and injecting of IV drugs be confirmed if studied more 

formally? 

2) If confirmed, are these failures in aseptic technique in the drawing up and injecting of 

drugs by anaesthetists resulting in the widespread injection of micro-organisms into 

patients? And does the injection of micro-organisms into patients occur at a rate which 

is of clinical concern? 

3) If the injection of micro-organisms into patients is common enough to be of potential 

clinical concern, are these micro-organisms making a clinically important contribution 

to the incidence of surgical site infection, pneumonia, sepsis and other forms of 

postoperative infection? 

In this chapter I review some of the approaches we considered using to investigate these 

questions, and attempt to explain why we chose certain methods, and not others. 

3.1.1 The challenges 

Obtaining data in the clinical environment to answer the research questions is challenging for 

several reasons: 

1) This research required becoming conversant with the specialised healthcare field of 

anaesthesia that not many people (myself included) are familiar. 

2) As a researcher new to this environment, I brought my own background and 

assumptions to this work, which could have introduced elements of bias. 
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3) The research involved investigating the behaviours of highly trained health 

professionals in their workplace, and in potentially stressful situations. Anaesthetists 

are responsible for the welfare of their patients in the OT, and this should be their 

primary focus; participating in research must be secondary to this. 

4) There were practical and technical challenges in determining effective methods to 

capture microbiological organisms that might be injected into patients.  

To address these difficulties in the research, I adopted various diverse methods including OT 

simulation, observation, membrane filtration studies, and the use of a questionnaire. I discuss 

some of the different methods we could have used to answer the research questions, and explain 

why we chose the methods we did.  

3.2 Research in the clinical environment 

This thesis results from my study into the aseptic techniques of anaesthetists, and the potential 

for failures in these techniques to cause the contamination of drugs that are subsequently 

injected into patients. Whilst the research has generated substantive, original findings about the 

aseptic techniques of anaesthetists, it has also caused me to reflect upon the process of 

conducting research as a health professional with my own experiences and principles. 

3.2.1 My experiences in aseptic dispensing and the principles governing my aseptic 

techniques 

As stated by Richards and Emslie (2000), “researchers reflect upon their professional 

backgrounds and personal characteristics and consider how these influence the way in which 

they gather and analyse data.”177  

At the commencement of my PhD, I had almost ten years’ experience in teaching, observing 

and examining the aseptic techniques of undergraduate pharmacy students. I am a NZ 

registered pharmacist having previously worked as a compounding0 F

a pharmacist in an aseptic 

                                                 

a Compounding is the combining of ingredients to produce a medication when the licensed or approved medication 
does not meet the health needs of the patient. For example, multiple drugs may be compounded in a syringe to be 
given as a single injection rather than multiple injections of single drugs.  
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unit in a large NZ hospital. In addition, I had research experience within the hospital 

environment, with a particular interest in parenteral drugs.  

Walsh (2007) stated that “the professional doctoral candidate is an expert”.178 My background 

in aseptic compounding had lead me to believe that my own aseptic techniques were exemplary 

– I had worked in sterile environments ensuring that the products I compounded were free from 

contamination and hence, fit for their intended purpose. The standards by which I was governed 

whilst compounding in this environment are outlined in section 2.4.2. Products made in sterile 

environments are either intended for multiple patients, for example, eye drops for an 

ophthalmology ward, or repeatedly for a single patient on multiple occasions, for example, IV 

nutrition. In these instances, the products are administered after a time of transport and/or 

storage. In contrast, the IV drugs prepared in the OT are usually administered to patients 

immediately after preparation, making the likelihood of micro-organisms multiplying due to 

transport or storage unlikely. Nevertheless, I was concerned by the way some anaesthetists 

handled sterile equipment when preparing and administering IV drugs, for example, failing to 

swab injection ports prior to attaching a syringe. 

The contrast between the true aseptic unit and the OT made me examine my principles 

regarding aseptic compounding: what in one environment would be considered an action that 

would lead to contamination, might in the other environment be deemed necessary for the 

provision of appropriate patient care. This was the conundrum I faced as a professional 

researcher when I first observed the OT and which led to my interest in this research.  

3.2.2 Researching health professionals in their workplace 

Another challenge I encountered related to researching anaesthetists’ practice in their 

workplace. My participants were highly trained, intelligent professionals who were obviously 

good at their jobs. I was extremely privileged to be allowed to observe them in their workplace, 

carrying out complicated tasks and in which compromises sometimes had to be made because 

of the pressure of time. I was aware that the actual research process might influence the 

participants’ actions, but I still needed to carry out research in their workplace, and produce 

results that were consistent with their usual practice.  

My aim in this research was to focus on one area of anaesthetic practice with a view to maybe 

identifying one aspect with which anaesthetists could engage in order to improve their practice. 

In this way, my research followed an improvement cycle of ‘action research’: it was a practical, 
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solutions-based inquiry.179 Action research is a cyclical research paradigm that involves 

collaboration between researchers and practitioners to identify a problem, formulate a course 

of action, and to develop solutions to that problem.179, 180 My work could be considered the first 

stage of this approach as I was trying to understand if there was a problem, and provide answers 

if there was.  

3.2.3 My role in data collection 

Mercer (2007) defined a researcher as an ‘insider’ – someone who has familiarity with the 

group being researched, or an ‘outsider’ as someone who has no intimate knowledge, prior to 

entry into the group.181 In my case, I considered myself an ‘outsider’ with no knowledge of the 

OT and anaesthesia, but an ‘insider’ who was familiar with aseptic compounding and thus I 

found I had ‘multiple identities’ at the same time.181-183 

On reflection, I think I was fortunate in being a mature student – my participants on the whole 

were of a similar age and I could therefore easily establish rapport with them. A few may have 

known that I taught aseptic compounding, and hence they may have altered their aseptic 

techniques during the case. However, the purpose of this research was not to audit participants’ 

practice and I did not want them to change their practice. I discuss this phenomenon further in 

section 3.5.1. In addition, for much of the time during the clinical cases I was not present in the 

OT because I was occupied with other activities, such as organising the next case, or talking to 

patients. This may have reduced the influence that my presence had on my participants. 

3.3 Ethical principles 

Researchers, in both quantitative and qualitative paradigms, must consider ethical issues such 

as informed consent, confidentiality, and anonymity. In addition, health research can raise 

unique ethical principles as proposed by Morse.184 I considered three of these in my research.    

1. Medical care has priority over research 

Research is not the main mission of healthcare and patient care remains paramount, i.e. patient 

care should not be jeopardised for research. Before entering the clinical environment, 

researchers should be informed on what to expect, given appropriate boundaries, and advised 

how to act in emergency situations.  
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During the early stages of my research, I was exposed to anaesthetic emergency situations in 

the simulation centre1F

b and witnessed the interactions of the OT staff in stressful circumstances. 

In these situations in the clinical environment, I removed myself from the OT: in the context 

of the clinical environment I kept in mind that I was not an expert in anaesthesia and so I did 

not interfere, even when I observed practices that worried me. This was certainly something I 

found difficult at times, and I had several discussions with my supervisors over these matters. 

2. If patient safety is jeopardised, then one must act accordingly  

Researchers in the clinical environment may observe practices that they consider detrimental 

to patient safety; however, the researcher may not be the expert in that particular clinical 

environment and what appears to be poor practice may or may not be. 

In the context of my research, I observed practices in the OT that I considered to be failures in 

aseptic techniques, for example, failing to prevent the contents of syringes’ exposure to the 

environment. On face value these are worrying practices, and as a researcher new to this 

environment, I had to overcome this feeling; I was not in the OT to judge practices, or indeed 

to try to change them at this point in time. It was the consequences of these practices I wanted 

to study, to see whether changes might be warranted. 

3. Researcher safety must be considered 

Protecting the researcher from physical and emotional harm needs to be considered when 

designing a study, especially in stressful or high risk environments. Debriefing the researcher 

after such an event can provide support to the research team. 

During the course of my research I felt that I was not exposed to harm, and I did not observe 

anything that I felt I could not cope with. My supervisors were always available to give advice, 

when I needed it.  

                                                 

b I discuss the use of simulation to collect data in section 3.4: my first study was conducted in a simulated OT (see 
Chapter 4). 
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3.4 Using simulation to collect data 

Simulation refers to the recreation of an event (either in full or as part of a task) to gain new 

information or for training.185 Simulation is used in many contexts, for example, 

manufacturing, entertainment, education, and training and in healthcare.  

I was interested in finding out whether the anecdotal observations I had been told about (see 

Box 2.2) – that anaesthetists’ aseptic techniques are sometimes less than perfect – were true. 

As part of my research I wanted to observe anaesthetists’ aseptic techniques in the workplace, 

an activity which may have been potentially unwelcome in the clinical environment. It also 

might have raised real difficulties in relation to moral and ethical questions. Some of the ethical 

questions I have considered earlier (see section 3.3), and I discuss observation as a method of 

data collection in section 3.5. In particular, it is difficult to manage the tensions related to 

observed failures in practice: should the researcher intervene in the interests of the patient, 

should the behaviour be reported, or should the patient be informed of the event in the spirit of 

open disclosure? Clearly, a researcher who did these things would not be welcome in the OT 

for long, and there are ways to manage these issues, but they do create difficulties none-the-

less. In order to resolve these issues I needed to access an OT, which may have been 

problematic. Access to the OT is largely restricted to those personnel who are essential for the 

particular operating case for several reasons, including patient safety, patient confidentiality, 

and to reduce OT foot traffic (thereby keeping micro-organism numbers low – see section 

2.3.2). 

I wanted to find out whether the IV drugs drawn up and injected into patients by anaesthetists 

were being contaminated with micro-organisms. This is difficult to do in clinical practice 

because there is no simple way to retrieve the drugs after they are injected into real patients. 

However, with simulated patients (i.e. manikins), injected drugs can be retrieved relatively 

easily - I would be able to remove the injected drugs and fluids in a sterile bag for further study 

(see section 3.6), without harm to real patients. Simulation also does not carry the same ethical 

implications if potentially dangerous behaviours are observed.  

3.4.1 Simulators in healthcare 

The first ‘simulators’ used in healthcare were models of humans made of clay and stone that 

demonstrated the clinical features of disease and its effect on patients.186 The first patient 
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manikin used in medical education was introduced in 1960 to teach mouth-to-mouth 

resuscitation.187 Subsequent models had blinking eyes, pupils that changed size, movable chest 

walls, and opening jaws:188 responses to injections of drugs could be controlled by an 

instructor.189 In the 1980s, computer software had developed sufficiently to allow simulators 

to respond to feedback from users.187 As computer technology advanced further, simulators 

were refined for use in healthcare as tools for education, assessment, and research.190 

More recently, specific applications for simulation in the disciplines of anaesthesia, surgery, 

emergency medicine, obstetrics and paediatrics have been developed.187 For example, in 

paediatrics, simulation has focused on resuscitation187 while the most recent developments in 

anaesthesia involve multidisciplinary simulation with whole OT teams.189  

3.4.2 Use of simulation in anaesthesia  

The use of medical simulators can improve patient safety and patient care through training, 

observation, and assessment.191 In addition, simulation can provide an environment in which 

practitioners can immerse themselves in various clinical scenarios, and be given feedback about 

their performance.186 Researchers may benefit from the use of simulators, as studies can be 

piloted or techniques developed before being used on patients.190, 191 A strength of simulation-

based research is the opportunity to test hypotheses in standardised and repeatable situations 

with no risk to patients and few medico-legal or ethical barriers to participation for clinicians. 

A 2001 survey of centres using simulation for education, found that in many of these centres 

simulators were also being used for research.192 They also noted that the use of simulators had 

increased from 29 centres in 1997, to 158 in 2001. This figure is now over 1500.193 

It has been claimed that simulation in anaesthesia lacks authenticity (to some degree), and that 

differences from clinical settings are inevitable.194, 195 The most obvious issue is that in the 

simulated environment the patient is not a real person, and never can be. Thus, for example, 

skin colour does not change with hypoxemia. There can be difficulties in replicating the OT 

hierarchical ‘culture’ in the simulator. Participants often have high levels of anticipation that 

something is about to go wrong. Over-attention to monitors such as blood pressure may be 

accompanied by decreased direct attention to the patient.196  

A team at the University of Auckland (UoA) (which includes two of my supervisors), has a 

well-established track record in conducting research based on high-fidelity simulation of 
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clinical scenarios relevant to anaesthesia, intensive care, and cardio-pulmonary resuscitation. 

This team pays great attention to realism in simulation of anaesthetic cases (including the use 

of real drugs), to ensure as far as possible that training and research is relevant to clinical 

practice, and that research findings are transferrable to the clinical environment.197-199 There is 

a growing body of literature supporting the transfer of knowledge gained in the simulated 

environment to the clinical setting, and associated improved patient outcomes,200, 201 but this 

may depend on attention to detail in creating realistic simulated scenarios.  

A 2005 review of the issues surrounding the transfer of knowledge (including findings from 

research) from the simulated environment to the real world suggested a number of factors to 

increase this transfer.202  It is not within the scope of my thesis to fully describe these factors, 

but each impacts on participants’ actions within the simulated environment, and the 

participants’ subsequent ‘belief’ or engagement in the simulation. 

3.4.3 Use of simulation in my research  

I was fortunate that when I joined the research team at UoA, they were about to start a large 

simulation study called Validating Anaesthesia Simulation-Based Error Research, which 

continued work into the prevention of iatrogenic harm during anaesthesia.203-207 I was able to 

use this opportunity in the simulation centre to investigate the aseptic techniques used by 

anaesthetists when preparing and administering IV drugs (see section 4.3). In addition, I had 

not been into an OT as a researcher prior to starting my PhD, and I was now able to become 

familiar with this environment in the simulation centre. 

3.5 Observation as a method of data collection in research 

Observation is the recording of observable responses of participants.208 I wanted to observe 

anaesthetists in their workplace to gain insight into the aseptic techniques they used in the 

drawing up and injecting of drugs. I also wanted to gain a better understanding of the OT 

setting, and the interactions between participants in this complex workplace setting. As 

previously mentioned, direct observation in this manner may have been problematic in the 

clinical environment. By contrast, indirect observation, for example, behind a two-way 

mirrored window or by watching audio-visual recordings, allows multiple researchers to 

examine the case and prevents overwhelming the participants with too many observers.209 This 

provides researchers with the opportunity to note behaviours of interest to them.210  
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The mere fact of being included in a study can influence participants’ behaviour, resulting in 

uncharacteristic actions by them.208, 211 The influence of observation has been called ‘the 

Hawthorne Effect’.  

3.5.1 The Hawthorne Effect 

A meta-analysis of 38 studies researching the Hawthorne Effect concluded that no single 

artefact can be labelled as the ‘Hawthorne Effect’,212 rather the phrase is defined in textbooks 

as the “unexpected, nonexperimental variables in any experiment”.211 It is also highly 

dependent on the task and its context.213 These “unexpected, nonexperimental” variables may 

be positive: for example, participant’s attention increases merely by being part of a study. 

Alternatively, this may be negative: for example, participant’s concentration decreases because 

they are allocated to the control, non-intervention arm of a study.214, 215 

Origins 

A set of experiments conducted in the 1920s demonstrated how difficult it was to research 

workplace behaviour. The results of these experiments were to influence research in the social 

sciences from this time forward. 

Prior to World War I, most of the general population lived a rural life-style that had not changed 

for centuries. During the war, there was large-scale expansion of the workforce as more 

machinery, and more food were needed. Workers were expected to work long hours without 

breaks, and were often considered automatons by their employers.216  

After WWI, the populace had changed: dance halls, movies, trade unions, and waves of 

immigrants from Europe had become part of workers lives. At this time, the Western Electric 

Company in the United States was producing equipment for the rapidly expanding telephone 

industry. Electrical suppliers to the company at its biggest manufacturing plant in Hawthorne, 

Chicago, claimed that increased illumination increased productivity by reducing accidents, and 

saving workers eye sight.211 This led to company officials at Hawthorne devising a study to 

answer the question: does better lighting enhance worker productivity? 

The study was carried out sporadically over three years between 1924 and 1927. Employees in 

three separate departments took part, including five female workers who were moved from the 

main shop floor to a special test room. Lighting levels in the rooms were changed and the 
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workers output, as indicated by the number of telephone relays produced, were measured. The 

changes in working conditions resulted in an increase in the number of telephone parts 

produced by each worker. Interestingly, the output of relays continued to increase regardless 

of any further changes made, or even if conditions were returned to normal.217 After two years 

of initial research, the investigators concluded that work conditions, i.e. the level of lighting, 

were not responsible for observed increases in productivity, rather it was a variation in the 

personal attitudes of the workers. The test workers had been the focus of the research, and as 

such were treated differently by management; there were more meetings with regular feedback 

on outputs, there was a guaranteed wage, the workers were allowed to talk during their day, 

and the test room had better heating and cooling systems.218  

In 1928, the parent company became interested in the research, and for a further five years, its 

workers were the focus of additional research on working conditions including factors such as 

rest periods and duration of work.218, 219 At the end of the studies, the investigators concluded 

that the observed increases in productivity were due more to the general effect of ongoing 

manipulations in the environment, than the specific changes to the workers conditions.216 

However, by modern research standards, there are a number of weaknesses in the original 

research design, undermining its validity. On subsequent analysis, the experimental design 

itself was considered poor, and the studies contained so many uncontrolled variables as to make 

the results unconvincing.217 Interestingly, a recent systematic review of the body of research 

into Hawthorne effects also yielded mixed results, and points to the need for further research 

on the phenomena.213  

Describing the ‘Hawthorne Effect’ 

The Hawthorne Effect is a behavioural change due to increased awareness of being observed. 

Since the early 1950’s when the term ‘Hawthorne Effect’ was first used, it has been erroneously 

described as observer bias, placebo effect or selection bias.220 Observer bias occurs when 

results are altered by expectation of a study’s outcomes.221, 222 The placebo effect has 

similarities to the Hawthorne Effect; however, the placebo effect is a response to an inert 

intervention, for example, a capsule containing an inert drug. Selection bias occurs when 

participants are non-randomised at enrolment. This may be due to voluntary enrolment in 

studies, and subsequently the outcomes are not representative of actual performance.    
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Evidence of the Hawthorne Effect in healthcare 

Researchers in hand hygiene studies have attempted to measure the Hawthorne Effect.223 As 

expected, hand hygiene rates tend to increase if participants are being observed (especially in 

the first 10minutes of observation),220 reach a plateau and start to decline, but these phases are 

time-dependent. 220, 224-226 Kohli et al, showed an increase in hand hygiene rates (due to the 

Hawthorne effect) can be maintained for up to two years when the observation is routine, but 

also noted that there were differences in these rates between units with high hand-hygiene rates 

and units with poor rates.215  

In 2000, De Amici et al, reported a study investigating the Hawthorne Effect on the 

psychological well-being of patients undergoing anaesthesia for knee arthroscopy.227 

Participants received the same information pre-operatively regarding possible side-effects 

(specifically post-operative knee pain, headache, and nausea) but the intervention group were 

also told that they were part of a study. The results showed the added information about being 

included and observed in a study, had positive psychological consequences on patients, 

although the effect was small. 

A recent study (by our Auckland Department) of anaesthetic record keeping investigated 

potential Hawthorne effects when the record keeping was carried out during intensive 

observation periods and less-intensive periods.228 The researchers found the mean percentage 

completion of records was significantly greater during the high intensive observation periods 

(87.3%) than during less-intensive periods (81.6%); they concluded that taking part in a study 

can influence participants’ behaviour. 

Understanding its effect on research 

Efforts to understand and manage the Hawthorne Effect have led to researchers designing 

studies to obtain their information from different perspectives (“mixed methods research”) such 

as direct, real-time observation, the use of written checklists and audio-visual recordings,208 

rather than using a single method, for example, controlled trials. This mixed methods approach 

reduces the detectable effects of data collection on participant’s behaviour.220 However, 

analysis of these studies suggests that a Hawthorne Effect of some degree may be present in 

any study.229 



Chapter 3:  
Research methodology 

Page | 45 

3.5.2 Use of observation in my research 

In this research, I wanted to observe clinicians working in the OT so that I could investigate 

the possible microbiological contamination of injected drugs and used syringes. Participants 

were aware they were part of a study, and that they were being observed (albeit indirectly); 

therefore, they may have altered their behaviours. In these studies, observation of the 

participants was a small part of my research, and as discussed above, to mitigate the influence 

of the Hawthorne Effect I attempted to gather data from several, different sources or use 

indirect data collection where possible. Nevertheless, a Hawthorne Effect was clearly possible, 

and I have taken care to acknowledge this in the discussion of my results. 

3.6 Capturing microbiological contamination 

As previously mentioned, there are multiple sources of microbiological contamination in the 

OT157 and links have been made between patients, anaesthesia providers and environmental 

sources of infection on the anaesthetic machine.158 The focus of this research is on another 

possible source - the preparation and injection of IV drugs. 

I wanted to be able to capture micro-organisms that potentially were being injected with IV 

bolus drugs given during anaesthesia. I knew from my experience as a compounding 

pharmacist that micro-organisms can be removed from drugs in solution using a membrane 

housed within a filter unit. This method of sterilisation is used for drugs that cannot be sterilised 

by other methods, for example, by heat or irradiation.230 

3.6.1 Use of filters in my research 

I was interested to know whether the use of filters might help me answer the second of my 

research questions: is the drawing up and injecting of drugs by anaesthetists resulting in the 

injection of micro-organisms into patients? 

I had two areas of research to pursue:  

1. The needles and contents of syringes, after the IV drugs drawn up and injected into IV lines, 

(noting that many of these needles and syringes are retained for subsequent re-use, later in the 

same surgical anaesthetic) and 

2. The injectate once the IV drugs had been injected into the IV lines. 
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Needles 

Needles are provided sterile and should be disposed of after a single use. However, anecdotal 

observations suggest that sometimes needles are re-used for drawing up and administering 

drugs into patients during anaesthetics of moderate or long duration. Also, the needles may be 

inadvertently touched during their handling (see Box 2.2). A method used in aseptic 

compounding to determine the microbiological contamination of surfaces involves a sample 

swab being placed in a sterile container of nutrient-rich broth, then incubated with shaking (to 

dislodge the micro-organisms from the swab).231 I realised that this method could be adapted 

for the sampling of used needles, to determine if they had been contaminated with micro-

organisms (see section 4.3.5). 

Syringe contents 

Researchers have used filtration to detect microbiological contamination of the contents of drug 

syringes. Driver et al,106 drew up six different drugs into a total of 756 syringes in an obstetric 

OT. The syringes were closed with needles, covered with clean towels, and remained in the OT 

until sampled. At differing time points, and under sterile conditions, the syringe contents were 

filtered through a 0.45μm membrane, which was then placed on a nutrient-rich agar plate and 

the plate incubated at 35oC for 72 hours. Similarly, Wagner et al,107 collected 86 used syringes 

from an obstetric OT, but sampled the contents of only 17 (presumably due to small residual 

volumes, although this is not made clear). The syringe contents were filtered through a 0.45μm 

membrane and washed with 0.9% sodium chloride solution for irrigation; the membrane was 

then placed on selected nutrient-rich agar plates, and the plates incubated at 35oC for 5 days or 

7 days (depending on the requirements of the nutrient agar). See also Table 2.6. 

Filtration through membranes is also used to investigate microbiological contamination of 

liquids, including water 232 and food.233 In these examples, after filtration, the membrane is 

removed from its housing and placed onto nutrient-rich agar to grow and enumerate any 

contaminants 234 or to demonstrate their absence for quality assurance purposes.231  

I had procured (for a study undertaken prior to my PhD research) 0.45μm filter membranes, 

and filter units which could be dismantled and the membrane extracted for further study (see 

Figure 3.1). These filter units are used in the laboratory where they are typically repeatedly re-

sterilised and re-used. Therefore, I decided to use this equipment and a combination of these 
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methods to investigate the microbiological contamination in the contents of used syringes (see 

Chapters 4 and 5). 

 

 

 

 

 

 

  (i)     (ii) 

Figure 3.1: The filter unit: (i) closed, and (ii) dismantled 

 

Injectate I: from a simulated patient 

IV drugs and fluids are injected into simulated patients via IV lines as they are in real patients. 

I realised that the injectate could be collected in hidden, sterile 3litre collection bags, and 

analysed at the end of each case. In my first study (Chapter 4), I needed a method to analyse 

this collected injectate.  

Muffly et al,235 evaluated the microbiological contamination of injection ports by flushing the 

port with 5mL sterile 0.9% sodium chloride, collecting and centrifuging the flushed solution, 

plating 100μL of the supernatant on nutrient-rich agar, and incubating at 37oC for 48 hours. 

Other researchers also used this method to examine the microbiological contamination of IV 

extension lines prior to disposal.236  

I considered using this method in my research; however, both these studies used 5mL to flush 

the system to determine whether the contamination was present in the system at the time of 

flushing. I wanted to investigate if the total volume of multiple IV bolus drugs and IV fluids 

injected through the IV lines was contaminated during the simulated surgical case. Therefore, 

I needed an alternative method: removing the contamination by filtration would allow larger 
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volumes to be examined, and would also allow some degree of quantification of any micro-

organisms identified.106  

Hence, I decided to use the method described above for the syringes, (i.e. filtration through a 

0.45μm membrane housed in a unit that could be dismantled, the membrane removed and 

placed onto nutrient-rich agar) to also investigate the contamination of IV drugs and IV fluids 

injected into a simulated patient. See Appendix I.  

Injectate II: from a real patient 

In the clinical environment of my second study (Chapter 5), I needed to develop a different 

method from the one I used to investigate contamination from the injectate of a simulated 

patient in Chapter 4. The problem was that, whereas in a simulated patient I could collect and 

filter the injected fluids, this would not possible for a real patient. All the IV fluids and drugs 

are injected directly into real patients, and cannot be removed for further study. However, my 

supervisors and I thought that it might be possible to capture the contamination by using a filter 

at an intermediary stage, i.e. in-between the drugs’ injection into the IV line and before the 

drug enters the patient. These so-called ‘in-line’ filters are commonly used in healthcare to 

prevent particulate contamination when administering certain IV fluids,237 or when injecting 

drugs intra-spinally.238  

We considered several, alternative filter units as there is a wide variety available. In-line filter 

units with a larger membrane pore size, for example, 1.2μm, allow the passage of drugs in 

emulsions, such as propofol. This fact would have been an advantage (see section 5.2.2), but 

these filter units also would have allowed free passage of the micro-organisms we wanted to 

capture. We therefore deemed these filter units unsuitable for our purposes. 

When IV drugs are injected intra-spinally into the epidural space, great emphasis is placed on 

avoiding any potential contamination, thus, drugs are often injected through a commercial 

0.2μm filter unit (Figure 3.2). This filter unit houses a membrane, which is fine enough to 

capture most micro-organisms. Bacteria are typically spherical, rod-shaped or curved cells of 

approximately 0.2μm in diameter and 2-8μm in length.239 We therefore believed that the 

commercial filter unit could also be used to remove contamination from drugs given by IV 

injection if it was integrated into the IV line and all bolus drugs injected through it.  

 



Chapter 3:  
Research methodology 

Page | 49 

 

Figure 3.2: The B. Braun 0.2μm filter unit. 

 

Detecting the captured microbiological contamination 

The commercially produced 0.2μm filter unit is sealed, unlike the filter unit described above 

and shown in Figure 3.1; therefore, a different method to detect micro-organisms caught by 

this unit was needed. We considered forcing the filter unit apart in order to remove the filter 

membrane, but decided that the potential to introduce contamination ourselves at this stage was 

too great, and abandoned this idea. 

When fluids are injected through these filter units, any contaminating micro-organisms are 

trapped on the upstream side of the membrane or within the membrane’s structure. A technique 

of “back-flushing” fluid through the membrane in the opposite direction to the original flow, 

to dislodge any trapped micro-organisms for culture, has been described.240, 241 In addition, 

using a pulsatile technique while back-flushing produces turbulent flow and enhances the 

release of captured micro-organisms.242 

I anticipated there might be difficulties in accurately quantifying the contamination back-

flushed from the 0.2μm filter units at the low numbers of micro-organisms we expected to find 

in the clinical environment. Hence, I needed first to validate the back-flushing method using 

known numbers of test micro-organisms (see Chapter 5 and Appendix II).  

3.7 Questionnaires 

As previously mentioned, the commercial 0.2μm filter unit is used clinically to inject small 

volumes of drugs intra-spinally into the epidural space. We wanted information about the use 

of the filter unit and adherence to the study protocol by the participants. In particular, we 

wanted to know how difficult it was to inject multiple IV bolus drugs through the filter units 
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into patients’ IV lines. There were several ways to obtain this information, for example, by 

observation, interview, or questionnaire.  

As discussed above, direct observation may alter participants’ behaviours and, in addition, may 

not have elicited all the information we wanted. Interviewing participants at the end of each 

case may have been valuable, but interviews could have interrupted the normal work flow of 

the OT, taken too long and been construed as a nuisance.  

Questionnaires are used to gather data on participants’ knowledge, beliefs or preferences by 

allowing the similar information to be gathered and analysed.243 Historically, questionnaires 

have been a series of questions written on a form. Questions can be constructed to elicit closed 

(‘yes’ or ‘no’, for example) answers, or open ones (through free text responses, for example).244 

Questionnaires can be distributed by various routes, including by hand, telephone, post, or 

email, and each has its own advantages and disadvantages.243  

3.7.1. Use of a questionnaire in my research 

We wanted a quick and easy method of capturing data, which specifically related to the case 

each participant had just finished. Therefore, we decided that a simple form using a mix of 

closed- and open-format questions, would be appropriate to gather the most accurate 

information. We decided to provide the form in person, as we need it to be completed in a 

timely manner. 

3.8 Chapter summary 

In this chapter I have considered some of the challenges to answering my research questions. I 

have explained why we chose certain approaches in the work reported in this thesis. One point 

of interest relates to the evolution of my thinking over the period of this work. This can be seen, 

for example, in my initial choice of the 0.45μm filter membrane for the study described in 

Chapter 4, and my subsequent appreciation of the advantages of the 0.2μm filter membrane for 

the purposes of the research reported in Chapter 5. 

In the three chapters that follow, I provide more specific details of the methods actually used 

in my studies.  
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Chapter 4:  

Evaluating aseptic techniques in the administration of anaesthesia 

using a simulation-based model: the ‘Ebugs’ study. 

4.1 Preface 

In Chapter 2, I explained that the aseptic techniques of anaesthetists in the preparation and 

administration of injected drugs have not been extensively investigated. This chapter outlines 

the first stages of my experimental research investigating the possible contamination of drugs 

given intravenously during anaesthesia, through inadvertent failures in aseptic techniques 

while drawing them up and administering them. I explain how I developed laboratory methods 

and made use of a simulation facility to provide the OT environment for this research.  

Parts of this chapter have been reproduced verbatim, or with minor modification from: 

Gargiulo DA, Sheridan J, Webster CS, Swift S, Torrie J, Weller J, Henderson K, Hannam J, 

and Merry AF. Anaesthetic Drug Administration as a Potential Contributor to Healthcare-

Associated Infections: A Prospective Simulation-Based Evaluation of Aseptic Techniques in 

the Administration of Anaesthetic Drugs. BMJ Quality & Safety 2013; 21: 826-834.  

The protocol for the simulation study described in this chapter is provided in Appendix I. 

  



Chapter 4: 
‘Ebugs’ study 

Page | 52 

4.2 Introduction 

Postoperative infections are a major cause of harm to patients and add substantially to the cost 

of healthcare throughout the world.4, 245 The timely administration of prophylactic antibiotics, 

a practice now underpinned by its inclusion in the recently promulgated WHO’s Safe Surgical 

Checklist,246 is considered an essential component of infection control.247, 248 Unfortunately 

such prophylaxis does not completely eliminate postoperative infections and as antibiotic 

resistance is increasing249, 250 there is every reason to adopt all reasonable steps to reduce 

contamination in the first instance. 

As mentioned in Chapter 2, sources of microbial contamination within any operating theatre 

include air,52, 251 equipment,252 patients 253 and those staff,254-256 including anaesthetists, who 

make contact with patients. The organisms found in the air of enclosed environments, including 

theatres, tend predominantly to be those associated with their human occupants.50, 257-261 The 

use of gowns, hats, masks and appropriate hand hygiene can reduce the likelihood of 

postoperative infections,52, 262-264 but compliance with, and even the acceptance of, these 

approaches varies widely.97, 265, 266  

Until relatively recently the contribution of anaesthesia personnel to the risk of postoperative 

infection has received little attention. In the context of intensive care, Pronovost et al have 

achieved dramatic reductions in infections related to central venous catheterisation through 

meticulous adoption of a bundle of evidence-based measures.164 It seems possible that similar 

gains might be achieved through comparable improvements in other aspects of the care of 

acutely ill or anaesthetised patients. In 2001, Merry and colleagues drew attention to the 

question of hand washing by anaesthetists263 and, more recently, Loftus and colleagues 

demonstrated that the hands of anaesthesia personnel may be an important source of 

contamination.155, 158 Other possible sources of cross-contamination by personnel in OTs 

include mobile phones267 and computer keyboards.268 Previous authors have noted that the 

widely used anaesthetic agent propofol, which is provided in a lipid emulsion containing soya 

oil and egg lecithin, readily supports microbial growth.269, 270 However, the administration of 

IV drugs (often in large numbers and in repeated boluses from the same syringe) by 

anaesthetists appears to have received little attention as a potential factor in the causation of 

postoperative infections. 
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4.2.1 Research objectives and hypothesis 

In this simulation-based study, we tested the hypothesis that microbiological contamination of 

IV drugs administered during anaesthesia is relatively common (defined as occurring 

sufficiently often to be detected at least once in twenty cases, i.e. 5%). We also observed the 

techniques of anaesthetists when preparing and administering drugs during simulated cases (a 

case being defined as one patient undergoing one anaesthetic on one occasion).2 

4.3 Methods  

4.3.1 Setting 

The study was conducted on cases 21-40 (of 40 cases), of a larger simulation study called 

Validating Anaesthesia Simulation-Based Error Research, (VASER), which continues on-

going work into the prevention of iatrogenic harm during anaesthesia.203-207 The VASER study 

was approved by the Northern Y Regional Ethics committee, New Zealand (ref: 

NTY/09/01/005) and registered with the Australian New Zealand Clinical Trials Registry (ref: 

ACTRN 12609000530224). 

The study was conducted at the Advanced Clinical Skills Centre, University of Auckland, 

which houses a realistic theatre and pre-operative assessment room with contemporary 

anaesthesia and surgical equipment, and includes a functional scrub sink immediately outside 

the theatre. The usual consumables such as drugs and intravenous tubing sets with needle-free 

injection ports were available. Sterile and non-sterile gloves were readily accessible, and 

alcohol-based hand gel was provided on the anaesthesia drug trolley in a location equivalent to 

that in the participants’ usual workplace. Clinically qualified personnel played the roles of 

various members of the theatre team other than the anaesthetist and anaesthetic technician who 

were the participants. 

In each case the “patient” was a METI Human Patient Simulator® (Medical Education 

Technologies Inc, Florida, US) programmed (with supervisory control by an experienced 

operator) to respond appropriately to drugs and procedural interventions, such as tracheal 

intubation. This manikin provides various physiological cues, including reactive pupils, 

palpable pulses, and audible breath sounds. 
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Considerable attention was given to achieving high levels of realism in all aspects of the 

environment (Figure 4.3). A more comprehensive description of the simulation-based research 

methods used in the study centre has been published.197  

 

 
Figure 4.3: The simulated operating theatre used in this study. This photograph was 
taken in our simulated operating theatre during a mock-up of a case comparable with 
those in the study, using simulation centre staff (not the study participants). The people 
in this photograph have provided permission for it to be published.  

 

4.3.2 Participants 

Participants comprised specialist (seven) and trainee (three) anaesthetists recruited from a large 

tertiary teaching institution (the study hospital), plus anaesthetic technicians (10) who assisted 

them. Participants were familiarised with the simulation environment at the start of each study 

day and the importance of working exactly as they would in a clinical situation with real 

patients was stressed. They were not familiar with the simulated cases, and did not know which 
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aspects of their performance were being assessed (only that their performance was being 

assessed in the overall context of patient safety). 

4.3.3 Design 

Details of the VASER study will be published separately and are not part of my research for 

this PhD thesis. The VASER study involved the use of real drugs presented in their glass and 

plastic ampoules, and some drugs presented in pre-filled syringes; both formats are in routine 

use in the study hospital.94 For the purposes of the study, the prefilled syringes contained sterile 

water for injection and vials containing sterile sodium chloride powder replaced certain 

genuine antibiotics. 

4.3.4 Cases 

Teams comprising an anaesthetist and an anaesthesia technician (participants) took part in two 

standardised, simulated cases during each study day, each of approximately 45 mins duration. 

Both cases required the team to undertake a pre-operative assessment, prepare equipment and 

drugs, and administer general anaesthesia to allow a simulated surgical procedure to be 

performed. 

The cases were designed to be clinically challenging with acutely unwell patients whose 

management created a busy workload for the team. Help could be requested, and phone advice 

obtained, but no additional assistance was provided in theatre. The cases were videoed from 

three camera angles, with close-up shots of the drug preparation area. 

4.3.5 Process, equipment and microbiology 

Before participants entered the theatre at the start of each simulated case, a sterile quad-lumen 

central venous catheter and a sterile single intravenous catheter were attached to the manikin’s 

neck and ante-cubital fossa respectively. Both catheters had previously been aseptically 

attached to a sterile intravenous line leading to a hidden, sterile empty three litre collection bag 

(B Braun, Melsungen, Germany), for collection of all intravenous drugs and fluids 

administered to the “patient”. Approximately 2.5mL of water for injection were aseptically 

flushed through the four lumens of the central venous catheter to remove air. 
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Immediately after each case ended, all infusions were stopped and disconnected. Both 

collection bags were removed and stored at room temperature for up to five hours until 

sampling of contents and analysis could take place. 

Collection bags 

Analysis was carried out in the aseptic unit at the School of Pharmacy. The lines of each bag 

were flushed with approximately 5ml of sterile water for injection and the entire bag inverted 

15 times. Three 20ml aliquots were removed by syringe and each sample passed through a 

0.45μm filter membrane and sterile filter unit (see Figure 3.1). These filter units can be 

dismantled, which makes it possible to extract the membrane easily (both unit and membrane 

from Pall Corporation, Port Washington, US). The filter membrane was removed, placed onto 

a blood agar plate, incubated at 37°C for 24-48 h, observed for growth and photographed. 

Syringes and needles 

After observing drug handling practices in the first four cases we decided to collect and analyse 

the contents of the used syringes and any needles still attached to these syringes. Any that had 

been closed with a syringe cap or needle and cap by the participants were labelled as such. 

Those that were uncapped were capped by researchers. Loose needles were not collected as it 

was assumed these would not have been used again (Figure 4.4). The materials collected were 

kept refrigerated at 4oC until analysed. 

The contents of the syringes were analysed as described above for the collection bags. Where 

necessary the residual volume in the syringe was supplemented with tryptic soy broth and 

incubated at 37oC for 24 hours. The syringes were vortexed and 0.1mL of their contents 

streaked onto blood agar plates, incubated at 37oC for 24 hours and any growth identified.271, 

272 

Needles were removed from the syringes and each needle was added to a 20mL vial of sterile 

tryptic soy broth. These vials were incubated in an orbital shaker (200 revolutions per minute) 

for 24 hours at 37oC then analysed as described above for the contents of the syringes. 
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Figure 4.4: Examples of syringes and needles collected for analysis. i, ii, iii and iv = kept 
for analysis; v and vi = discarded; ii and iii = capped by researchers. 

 

Micro-organism identification 

We aimed to identify any micro-organisms common to humans and the environment.52 Each 

colony was categorised by using Gram staining, followed by the catalase test for Gram-positive 

organisms (liberation of oxygen gas bubbles from 3% hydrogen peroxide) and the oxidase test 

for Gram-negative organisms (BBLTM DrySlideTM Oxidase, Becton Dickinson). 

4.3.6 Environment 

To assess the potential for airborne environmental contamination in the simulated theatre a 

blood agar plate was placed on top of the medication trolley and opened for the duration of 

each case (i.e., two plates per study day). These plates were incubated at 37oC for 24-48 hours. 

Any growth was examined to identify the micro-organisms present. For comparison the same 

technique was used to monitor the environment during ten comparable cases (in eight operating 

theatres) at the study hospital. 
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4.3.7 Quality assurance 

The following steps were taken to ensure the initial sterility of the compounded materials and 

the collection bags used in the study. 

Pre-filled syringes and vials 

The inactive pre-filled syringes were compounded in the aseptic unit at the School of 

Pharmacy, University of Auckland. This unit is monitored using procedures outlined in the 

USP143 and standard drug-preparation quality assurance procedures were followed.273 

Inactive ‘antibiotic’ vials for the study containing the pulverised sodium chloride powder were 

autoclaved at 121oC for 15 minutes. 

A representative sample of compounded, inactive prefilled syringes and compounded inactive 

‘antibiotic’ vials was tested for sterility using methods modified from the USP.271 

Collection bags 

Prior to the start of each simulated case 100mL of sterile intravenous 0.9% sodium chloride 

was rapidly infused into each of the empty collection bags and approximately 60mL was 

aseptically removed by syringe and capped. Any remaining fluid was left in the collection bag. 

Colony forming units within each syringe were enumerated as described above for the study 

collection bags. 

4.3.8 Observations 

Participants were observed through a one-way window during all cases and I recorded 

behaviours which I thought might increase the risk of introducing contamination.144, 145, 147 

Video recordings of each case were reviewed where necessary. 

4.3.9 Participants’ comments 

The final draft of the paper pertaining to this chapter was sent to participants, both anaesthetists 

and anaesthetic technicians, for comment on its accuracy and conclusions. Participants were 

asked to consider if our observations reflected current clinical practice.  
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4.4 Results  

Data were collected from ten anaesthetic teams in 20 simulated cases over ten days between 

3rd August and 8th December 2009. Two collection bags per case were obtained. Two 

participants administered genuine antibiotics through an error on our part, so the relevant bags 

were excluded and the contents of 38 bags analysed. 

The vast majority of drugs were drawn up and administered by anaesthetists. On occasion, 

during periods of increased workload, anaesthetic technicians drew up and or administered 

drugs under the direction of anaesthetists. 

4.4.1 Microbiology 

Collection bags 

Organisms were cultured from five of the 38 bags (13%). These bags came from five simulated 

cases (out of 20) anaesthetised by four (out of 10) anaesthetists (Table 4.9). The organisms 

included Gram-positive, catalase positive cocci and Gram-negative rods and cocci. 

Syringes 

I collected one hundred and ninety seven syringes. Organisms were cultured from 10 (5%) 

syringes. These were identified as Gram-positive, catalase-positive cocci (eight syringes), 

Gram-positive rods (one syringe), and Gram-negative rods (one syringe). The contents of seven 

of the 10 contaminated syringes had been drawn up by participants while three syringes were 

pre-filled. All 10 had been used by participants to administer drugs during the cases. 

Needles 

Seventeen needles used in drawing up drugs, but not discarded, were incubated in culture 

medium. Growth was obtained from six (35%). These were identified as Gram-positive, 

catalase-negative cocci (three needles), Gram-positive, catalase-positive cocci (one needle), 

Gram-positive rods (one needle), and Gram-negative rods (one needle). 

  



 

 

Table 4.9: Microbial results from the collection bags. 

 

 

C = central line, P = peripheral line, * genuine antibiotic given so bag removed from study, Y = yes, N = no, ** three 20mL aliquots were removed from each collection bag by syringe and 
passed through a 0.45μm filter membrane, a = Gram-positive, catalase-positive cocci, b = Gram-negative, oxidase-positive bacteria, c = not identified further.  

Case 
number 

1 2  3 4  5 6  7 8  9 10  11 12  13 14  15 16  17 18  19 20 

Collection 
bag 

C P C P  C P 

* 

C P  C P C P  C P C P  C P C P  C P C P  C P C P  C P 

* 

C P  C P C P  C P C P 

Drugs 
injected 
into bag 

Y Y Y Y  Y Y N Y  Y N Y Y  Y Y Y Y  Y Y Y Y  Y Y Y Y  Y Y Y Y  N Y Y Y  Y Y Y Y  Y Y Y Y 

Bacteria 
grown** 

N N N N  N N N N  N N N N  Y 

a 

N Y 

a 

N  N N N N  N N Y 

ab 

N  N N N N  N N Y 
ac 

N  N Y 
b 

N N  N N N N 
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Environment 

I exposed blood agar plates to the environment for 60 to 130 minutes during the simulated 

cases and for 70 to 120 minutes during cases at the study hospital. Two to 13 colony forming 

units per plate per hour (of exposure) were cultured from the simulated environment; mainly 

Gram-positive, catalase-positive cocci with smaller numbers of Gram-negative bacteria and 

yeasts (Table 4.10). 

Zero to seven colony forming units per plate per hour were cultured from the environment of 

the study hospital; mainly Gram-positive, catalase-positive cocci (Table 4.11). 

4.4.2 Quality assurance 

The results from the quality assurance tests undertaken during the compounding of prefilled 

syringes and vials were within levels defined by the European Standard PE 009-9.274 No growth 

was detected from the representative samples of compounded, inactive prefilled syringes and 

compounded inactive ‘antibiotic’ vials. No growth was detected from any of the quality 

assurance samples taken from the collection bags. 

4.4.3 Observations 

None of the 10 anaesthetists did any of the following: washed their hands prior to entry; used 

the hand gel provided; disinfected the vial septa before drawing up drugs; or disinfected the 

intravenous ports on the IV administration set before use. I saw only one participant recap a 

needle left on a syringe for re-use. I observed three participants place equipment such as 

stethoscopes, drug charts and pens, on top of their drug trays while in use and containing 

syringes. 

I also observed anaesthetists opening needles and syringes by pushing them through the outer 

paper wrappers, leaving syringes uncapped (either with or without needles attached) with tips 

vulnerable to touching unsterile surfaces, using theatre attire to open glass ampoules, and using 

teeth to pull the cap off an intravenous administration set spike. 

 

  



 

 

Table 4.10: Microbial results from the plates exposed to the environment in operating theatre during the simulated cases. 

Case number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Number of colony forming 
units 

9 10 14 10 10 6 10 3 3 5 5 6 18 14 10 8 3 3 7 16 

Gram-positive cocci                     

Catalase-positive 9 6 9 8 7 5 8 2 .. .. 3 2 .. 11 10 8 1 3 7 12 

Catalase-negative .. .. .. .. 1 .. .. 1 .. .. 1 1 .. 1 .. .. .. .. .. 1 

Not identified further .. .. 1 .. .. .. .. .. 2 2 1 1 18 .. .. .. .. .. .. .. 

Gram-positive rods .. .. .. 1 1 .. .. .. .. .. .. .. 1 .. .. .. .. .. .. .. 

Gram-negative organisms                     

Oxidase-positive .. 1 1 .. .. 1 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

Oxidase-negative .. 1 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

Not identified further .. .. .. .. .. .. .. .. 1 1 .. 1 .. 2 .. .. 1 .. .. .. 

Yeast .. 1 1 .. .. .. .. .. .. .. .. 1 .. .. .. .. .. .. .. 1 

Not identified further .. 1 2 1 1 .. 2 .. .. 2 .. .. .. .. .. .. 1 .. .. 2 

Time plates left open 
(minutes) 

70 80 120 80 100 90 100 70 90 90 75 130 85 95 105 95 85 75 60 100 

Growth (CFU/plate/hr) 8 8 7 8 5 4 6 3 2 3 4 3 13 9 6 5 2 2 7 10 

CFU/plate/hr = colony forming units per plate per hour, ¨ = no growth 
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Table 4.11: Microbial results from the plates exposed to the environment in operating 
theatres at the study hospital. 

Day number 1 2 3 4 5 6 7 8 9 10 

Total number of 

colony forming units 

8 1 1 9 1 8 12 4 8 1 

Gram-positive cocci           

Catalase-positive 6 1 1 9 1 7 12 4 8 1 

Catalase-negative 1 .. .. .. .. 1 .. .. .. .. 

Not identified further .. .. .. .. .. .. .. .. .. .. 

Gram-positive rods 1 .. .. .. .. .. .. .. .. .. 

Gram-negative 

organisms 

          

Oxidase-positive  .. .. .. .. .. .. .. .. .. .. 

Oxidase-negative  .. .. .. .. .. .. .. .. .. .. 

Not identified further .. .. .. .. .. .. .. .. .. .. 

Yeast .. .. .. .. .. .. .. .. .. .. 

Not identified further .. .. .. .. .. .. .. .. .. .. 

Time plates left open 

(minutes) 

75 85 70 90 85 120 105 94 82 70 
Growth 

(CFU/plate/hr) 6 1 1 6 0 4 7 3 6 0 
CFU/plate/hr = colony forming units per plate per hour, = no growth 

 

 

4.4.4 Participants’ comments  

Nineteen participants could be traced for comment; nine (46%) responded (Table 4.12). 
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Table 4.12: Participants’ answers to questions on current practice.  

Practice What we observed in 
this study 

Does this observation reflect 
current clinical practice? 

  Yes No Other 

Hand-washing None 5a 4b 0 

Disinfecting vial septa before 
drawing up drug 

None 9 0 0 

Disinfecting injection ports 
before administering drug 

None 8c 0 +/- 

Re-capping of (used) needle 
and syringe for future use  

Observed only once 
(by one participant) 

7 2d 0 

Isolation of in-use workspace 
(i.e. drug trays containing in-
use syringes etc.) 

Equipment such as 
stethoscopes and 
drug charts placed on 
top of uncapped, in-
use syringes 

6 2 maybe 

Individual participants made the following additional comments: a: ‘sometimes gel’; b: ‘emphatically’; c: ‘no 
matter how “realistic” the simulator is, anaesthetists are too smart [not] to process the fact there is no infective 
danger. The clinical correlation is very much needed’; d: ‘more often in practice, I would say’. 

 

Additional free-text comments not directly related to the listed practices were: ‘Excellent study. 

Although simulation should replicate our practice I think the “unreal” situation does reduce the 

above compliance with good practice.’; ‘Some of these scenarios were emergency of life 

threatening situations, which could differ considerably from usual clinical practice where tasks 

are less time dependent.’; ‘A very interesting study’. 

4.5 Discussion 

In highly realistic, simulated anaesthetics, potentially pathogenic micro-organisms were grown 

from 13% of sterile collection bags that could only have come from drugs administered by or 

for participating anaesthetists. This figure is above the 5% defined as ‘relatively common’ in 

my hypothesis. In addition, similar micro-organisms were also cultured from the syringe 

contents and the surfaces of needles attached to syringes; these syringes and needles had not 
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been discarded, and might well have been used again had the cases continued for longer. These 

findings support previous research155, 158, 263, 275 and emphasise the importance of attention to 

aseptic technique in the administration of IV drugs during anaesthesia. The results draw 

attention to the possible contribution of this activity (the preparation and administration of IV 

drugs) to the genesis of postoperative infections. 

Our data provide no direct evidence that the organisms we cultured would have gone on to 

cause postoperative infections or other clinically relevant problems for patients. However, 

these were organisms that may cause serious clinical infection. It is difficult to know the extent 

to which the human body could be expected to cope with extrinsic contamination of this sort. 

Bacteraemia can be demonstrated following many procedures, notably dental extractions, but 

this does not typically result in clinically significant pathological consequences, particularly 

with the benefit of prophylactic antibiotics.276 However, the body’s immune defences are often 

impaired peri-operatively.277 This may be particularly true in major operations with extended 

anaesthesia time (situations in which the number of drugs administered by anaesthetists may 

typically be high and the potential for contamination therefore considerable). These findings 

may be especially concerning for immune-depressed patients and cases involving implants or 

prostheses. 

Strengths and weaknesses 

A strength of simulation-based research is the opportunity to test hypotheses in standardised 

and repeatable situations with no risk to patients and no medico-legal risk to participants. 

However, a weakness of this approach is that differences from clinical settings are inevitable; 

in particular, the fact that our ‘patients’ were manikins may have led participants to pay less 

attention to asepsis, even after explicit requests to proceed exactly as they would in a clinical 

setting. This limits the confidence with which findings can be extrapolated to clinical practice 

so our data do not allow us to assess clinical rates of healthcare-associated infection attributable 

to the IV administration of drugs by anaesthetists. On the other hand, our group has a well-

established track record in conducting research based on high-fidelity simulation in which 

considerable attention is paid to detail and levels of realism (Figure 4.3).197-199 Furthermore, 

some of the potentially inadequate aseptic practices I observed in this study are consistent with 

reports from previous research155, 158 and with anecdotal observations in clinical settings. The 

participants’ comments suggest that at least some of them have observed similar practices. 

Therefore, the findings of this study probably do reflect the participants’ clinical practice, and 



Chapter 4: 
‘Ebugs’ study 

Page | 66 

justify the inference that at least some postoperative infections may be attributable to the IV 

administration of drugs by anaesthetists. However the generalisability of these findings may be 

limited by the use of a convenience sample of participants. It may also be that operating theatres 

used in clinical practice differ from the simulated theatre in the concentration of airborne 

micro-organisms; in fact the levels I measured in the hospital environments were lower but 

comparable. It is noteworthy that the study hospital has a strong culture of quality improvement 

shown, for example, by a well-established quality assurance programme, regular meetings to 

discuss adverse events and opportunities to improve anaesthetic practice, and the early adoption 

of the WHO Safe Surgery Checklist. Thus, we would surmise that the observed practices do 

not reflect a local problem, such as a lack of commitment to safe practice. Rather, it is likely 

that the potential for contamination of injectate in this way has not been adequately appreciated. 

We have not sought to differentiate cases in which technicians (as well as anaesthetists) 

administered drugs because we consider that the responsibility for all aspects of drug 

administration, including the need to avoid contamination, resides with anaesthetists. We may 

have underestimated the rate of contamination because our ability to detect contamination was 

relatively insensitive. 

An important strength of this study is the rigorous quality assurance procedures I employed; I 

am confident that the micro-organisms grown from the collection bags could only have been 

introduced by the administration of IV drugs by the participants. This finding is supported by 

the fact that no bacteria were grown from collection bags into which no injections by the 

participants occurred (Table 4.9). 

Subsequent to publishing the findings of this study, I realised that the use of 0.45μm 

membranes may have further contributed to an underestimation of the rate of the injection of 

micro-organisms. I chose these membranes because they were in routine use in our 

microbiology laboratory, and have been used in previous studies. 106, 107 However, membranes 

with a pore size of 0.2μm are available and can be expected to retain micro-organisms to this 

size.278, 279 I therefore adopted the 0.2μm membranes in subsequent work, described in the next 

chapter of this thesis. 

Participants knew that aspects of their performance were being monitored, raising the 

possibility of observer effects 218, 280.  
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4.6 Conclusion 

In a realistic simulated environment, microbiological contamination of patients by the 

administration of intravenous drugs during anaesthesia was relatively common. This draws 

attention to the possibility that the administration of intravenous drugs during anaesthesia may 

be a more important factor than previously appreciated in the genesis (or potentially the 

prevention) of postoperative infection. My observations suggest room for improvement in the 

aseptic techniques of at least some anaesthetists when preparing and administering IV drugs. 

Interestingly, it has been shown previously that although most anaesthetists are aware of the 

need for aseptic techniques, many do not follow existing guidelines:97, 281, 282 The results of our 

study may provide encouragement for doing so.  

These results justify continuing our research into the microbiological contamination of IV 

drugs administered during anaesthesia. The next step in this work is to investigate the extent to 

which these findings apply in the clinical setting.  

4.7 Key points 

What is already known on this topic: 

• Postoperative infections cause significant harm to patients. 

• Anaesthetists sometimes fail to follow established infection control guidelines. 

What this study adds: 

• The administration of IV drugs during simulated anaesthetics resulted in the injection 

of micro-organisms into five (13%) of 38 simulated patients: this draws attention to the 

possibility that the administration of drugs during anaesthesia may be a contributing to 

postoperative infection. 

• There is room for improvement in the aseptic techniques used by some anaesthetists in 

the administration of IV drugs (at least in the simulated environment). 

What this study leaves unanswered: 

• The extent to which failures in aseptic practices by anaesthetists are contributing to the 

injection of micro-organisms in the clinical setting. 
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Chapter 5:  

Microbiological contamination of drugs administered for 

anaesthesia in the operating theatre: the ‘Qbugs’ study. 

5.1 Preface 

It was apparent from the data presented in Chapter 4 and from the participants’ comments in 

Table 4.12, that we needed to investigate if the results from the simulation study also applied 

in a clinical environment. In this chapter, I describe how I adapted microbiological filtration 

methods, and then used those methods to detect the microbiological contamination of IV 

drugs administered during anaesthesia in the OT. 

Parts of this chapter have been reproduced verbatim, or with minor modification from:  

Gargiulo DA, Mitchell SJ, Sheridan J, Short TG, Swift S, Torrie J, Webster CS, and Merry AF: 

Microbiological contamination of drugs administered for anesthesia in the operating room; a 

prospective, open, microbiological audit. Anesthesiology 2016; 124: 785-94. This paper was 

also the focus of an editorial 

(http://anesthesiology.pubs.asahq.org/article.aspx?articleid=2491393) 283 and mentioned in a 

podcast in the same month. 

The study protocols pertaining to this chapter are contained in Appendices II and III.  
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5.2 Introduction 

Thus far, I have explained that the aseptic techniques of anaesthetists in the preparation and 

administration of injected drugs have not been extensively investigated. In addition, in our 

simulation study, we have added to emerging data155, 157-159, 161, 163, 167 that demonstrate that 

inadvertent lapses in aseptic technique may be an important, but previously overlooked, 

contributor to postoperative infections.  

The clinical relevance of this disconcerting finding is not clear. In particular, it is difficult to 

be certain that this result was not an artifact of simulation: perhaps the same anaesthetists would 

have paid more attention to aseptic technique in a clinical setting. Therefore, the next step was 

to extend this work to a clinical environment. 

5.2.1 Quantifying trapped micro-organisms 

As stated in section 3.6.1, researchers have used membrane filtration to detect microbiological 

contamination of drugs, allowing quantification of the micro-organisms in solution.106, 107 

Filtration of IV drugs in the OT allows patients to receive the intended drugs potentially free 

from contamination. In the simulation study, I was able to remove the collected injectate for 

further study; this is impossible in the clinical environment. However, the use of an IV in-line 

filter enables the capture of potential microbiological contamination before it reaches the 

patient; the membrane used in the filtration process can then be further investigated.  

A microbiological 0.2μm filter unit (B. Braun Corporation, Melsungen, Germany) (Figure 3.2) 

is routinely used in NZ hospitals for the administration of epidural drugs to prevent 

microbiological or particulate contaminants entering the epidural space. My supervisors and I 

realised that these filters could potentially be used to identify microbiological contamination 

of drugs injected into patients.  

I expected the filter membranes housed within the unit to trap any micro-organisms 

inadvertently introduced during these injections. However, these units are sealed, which 

effectively prohibits extracting the membrane for culture without considerable risk of 

introducing contamination in the process. Therefore, I began by developing a method of 

identifying and approximately quantifying the micro-organisms trapped by the filter unit that 

did not require the filter to be opened, that I could then apply to the clinical study. 
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5.2.2 The problem of filtering propofol 

As stated in section 2.3.4, propofol is typically provided in a lipid emulsion, composed of 

droplets of oil and water bound together by interactive forces. The droplet size necessary for 

IV formulation must be small enough to pass through capillaries (5-7μm) and optimally should 

be less than 1μm.118 Propofol is manufactured to have a droplet size range (mean) of 0.15-

0.3μm (0.19μm).128 Lipid emulsions, such as propofol, can be filtered through 1.2μm 

membranes to prevent particulates entering patients’ bloodstream; however, this larger 

membrane pore size does not retain micro-organisms. 

Researchers were able to filter propofol (Diprivan™, AstraZeneca) using a 0.2μm filter unit 

from Pall Life Sciences, with the aim of reducing pain on injection.284 One recommendation of 

their study was to validate further the use of specific 0.2μm filter units on the safety and 

efficacy of filtering propofol given the range of propofol manufacturers.  

The manufacturers of 1% w/v propofol [2, 6-diisopropylphenol] approved for use in NZ, 

(Fresenius Kabi, AstraZeneca, and AFT), recommend that the emulsion should not be filtered 

through microbiological filters (manufacturer’s product information sheets). Therefore, the 

decision was made that in this study, propofol should be injected via a separate IV port, thus 

bypassing the filter unit. 

5.2.3 Research objectives and hypothesis 

My objectives were to (1) develop and validate a method to extract micro-organisms trapped 

on commercial 0.2μm filter units, and obtain an approximate estimation of their quantity, and 

then (2) use this method to ascertain the extent to which micro-organisms are injected by 

anaesthetists in the process of drawing up and administering boluses of IV drugs, in clinical 

practice. 

I tested the hypothesis that microbiological contamination of IV drugs administered during 

anaesthesia occurs more often than once in one hundred cases. 
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5.3 Methods 

I. A method to quantify micro-organisms trapped on the membrane of a 

sealed filter unit 

Informal experimentation demonstrated that flushing the B. Braun filter unit in the opposite 

direction to that used for injecting drugs (“back-flushing”) with 20mL of a combination of 

sterile 3% tryptic soy broth, 1% Tween 80 and peptone water (TTP) was effective in allowing 

the release and culture of Staphylococcus epidermidis previously inoculated onto the filter 

membrane in loads of approximately 105 colony forming units CFU/mL 

To obtain more precise quantification of the effectiveness of this back-flushing method, I next 

prepared standard dilutions of four micro-organisms: Staphylococcus epidermidis ATCC 

12228; Escherichia coli ATCC 25922; Streptococcus pyogenes ATCC 8668; and Candida 

albicans ATCC 1212. I cultured these at 37oC on horse blood agar or in tryptic soy broth (both 

Fort Richard, Auckland, New Zealand). Working with one organism at a time, I harvested an 

overnight culture by centrifugation at 4000 xg at 22oC for 10 minutes, and resuspended this in 

sodium chloride 0.9% (Demo S.A., Athens, Greece) at approximately 108 CFU per mL. I made 

serial dilutions from the suspension of micro-organisms under aseptic conditions producing 

solutions (A-D) with four levels of contamination, and a control of sterile sodium chloride 

0.9% (solution E) as listed in Table 5.13. I injected 10 mL of each of these five solutions (A-

E) through a B. Braun filter unit. The five filter units were kept under aseptic conditions at 

22°C for one hour to reflect the shortest time interval taken in the clinical study to retrieve filter 

units from the OT and return with them to the microbiology laboratory for further testing. 

Back-flushing method 

I then back-flushed 20mL of TTP through each of the five filter units using a pulsatile 

technique.242 The back-flushed fluid was collected in five separate, sterile 20mL syringes 

(Becton, Dickinson and Company, New Jersey, US) and then the contents of each injected 

through another sterile, but differently designed filter unit (Figure 3.1) containing a 0.2μm 

membrane. The five membranes from these units were retrieved and placed onto a separate 

blood agar plate. These were incubated at 37°C for 24-72 hours and the resulting CFU counts 

were used as a measure of the micro-organisms released by back-flushing. I also collected the 

fluid passing through the secondary filter units during this second filtration and incubated it at 
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37°C for 24 hours to establish whether all micro-organisms had been captured by the 

membrane. I repeated this entire sequence five times with each of the five solutions (A-E) for 

each of the four micro-organisms. See Appendix II. 

II. The clinical investigation 

The clinical study was conducted in adult patients undergoing surgery with anaesthesia in 19 

OTs at ACH (see Appendix III). The study was approved by the Northern B Health and 

Disabilities Ethics Committee, Ministry of Health, Wellington, NZ, (ref: 13/NTB/80) and 

registered with the Australian New Zealand Clinical Trials Registry (ref: ACTRN 

12613000040763). The ethics committee determined that this study was, in effect, a low risk 

audit of the participating anaesthetists’ practice. Therefore, formal informed consent was not 

required from the patients and who were not ‘participants’. Instead, patients were provided 

with an information sheet explaining the study (see QDoc-6, Appendix III), given the 

opportunity to discuss the study with myself, and given the opportunity to opt out if they 

wished. 

5.3.1 Participants 

I approached anaesthetists at levels of seniority ranging from junior registrar to senior 

consultant working within the anaesthesia service at ACH and obtained written informed 

consent from those who agreed to participate (see QDoc-3 and QDoc-4, Appendix III). Cases 

were eligible if scheduled for general anaesthesia (with or without regional anaesthesia) and 

cared for by participating anaesthetists on days of the week when I was available.  

As part of the consent process, participants were asked whether they were ambidextrous, right 

or left handed, and their gender. 

5.3.2 Clinical study method 

A filter unit and stopcock was incorporated into the drug administration line via a two-way 

extension set (both CareFusion, California, US) by the participant anaesthetist or anaesthetic 

technician after instruction by myself. The volume of dead space in the stopcock, filter unit, 

and filter arm of the two-way extension line (the filter unit ‘set-up’) was 1.16mL (Figure 5.5). 

Therefore, the participating anaesthetists were asked to flush the set-up with sodium chloride 
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0.9% (Demo S.A., Athens, Greece) (drawn up by them) each time a drug was administered 

through the set-up.  

I asked participating anaesthetists to inject their IV bolus drugs, except (a) propofol (which 

could not be filtered, as stated in section 5.2.2, because of its presentation in an emulsion), (b) 

drugs given by infusion (because our primary interest was drugs given by IV bolus), and (c) 

antibiotics (because they would inhibit the growth of contaminants) through the filter unit set-

up. 

 

 

Figure 5.5: Clinical set-up for the injection port (i), filter unit (ii) and two-way extension 
line (iii). 

 

A label was attached to the filter arm of the two-way extension line indicating that it was for 

drugs only, except propofol or antibiotics (Figure 5.6). 

 

i 

ii 

iii 
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Figure 5.6: Label attached to the filter arm of the two-way extension line. 

 

IV fluids were administered via the non-filter arm of the two-way extension. Propofol, drug 

infusions and antibiotics were administered via a secondary stopcock available for this purpose 

on the fluid line, thus bypassing the filter unit. Participant anaesthetists were able to use one or 

more additional IV lines and cannulae for additional IV fluids or infusions at their discretion.  

At the end of each case, the filter unit was removed and its two ends (see Figure 5.5) sealed 

with sterile caps. They were taken to the laboratory in zip-locked plastic bags for back-flushing 

and subsequent analysis as described above in part I. Syringes used to prepare and administer 

drugs during each case were sealed with sterile caps, taken to the laboratory and residual 

contents analysed for contamination using quantitative methods described in my previous 

study.167  

5.3.3 Quality assurance: clinical investigation 

Care was taken to ensure that no micro-organisms were introduced during the handling of the 

filter units and the syringes. In the laboratory, I wore clean gowns and hats and used sterile 

gloves. All my work was undertaken in a validated laminar flow cabinet. Sterile 70% alcohol 

was used to decontaminate all work surfaces and the external surfaces of the filter units and 

syringes.141, 143 Senior microbiologists provided oversight of the processes of handling the filter 

units and syringes in the OT and the laboratory. Two independent senior anaesthetists acted as 

monitors of the study method in the OT. 
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Retrieval method 

To evaluate the potential for false positives from contamination by me during the testing of the 

filter units I audited the method of back-flushing and analysis with ten unused filter units, 

analysed on each of four separate occasions, in conjunction with filter units collected from 

cases. I injected 10mL of control solution (sterile sodium chloride 0.9%) through these audit 

filter units, and then processed them in the same way as the patients’ filter units (see part I 

above). 

5.3.4 Bacterial identification 

If any micro-organisms were grown from membranes or syringe contents collected during the 

clinical investigation, the agar plates were sent to the laboratory at ACH for identification of 

the organisms using the matrix-assisted laser desorption/ionization-time of flight’ (MALDI-

TOF) technique. 285  

5.3.5 Participants’ comments 

At the end of each case, participating anaesthetists were asked to complete a short form (QDoc-

10, Appendix III) confirming that the study protocol had been followed or giving reasons if not 

(i.e. if the filter unit set-up had been bypassed). They were also asked to rate the ease of use of 

the set-up using an unmarked 10 cm visual analogue scale (created for this study) with anchors 

“Very easy” (at 0 cm) and “Very difficult” (at 10 cm), and to provide any comments if they so 

wished. The mean ease of use rating was calculated for each anaesthetist, and then the mean of 

these means was calculated. 

5.3.6 Sample size 

The sample size estimate was pragmatic. In our previous simulation-based study,167  

contamination was identified in 13% of cases (five of 38 bags of collected injectate and IV 

fluid grew micro-organisms). We thought that a rate of at least one tenth of this would be very 

likely in the clinical setting – in other words, over 1%. We thought, furthermore, that a rate of 

1% or more would be clinically important, even allowing for the fact that only a proportion of 

injected micro-organisms are likely to cause harm. Taking these factors into account, we 

predicated the sample size on the potential interpretation of a negative result. In the event that 

no micro-organisms were cultured in any cases, it would require 300 cases to ensure that the 
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upper 95% confidence interval of the estimated point incidence of 0% was no higher than 1%, 

and therefore allow rejection of the hypothesis with an alpha of 0.05. 

5.3.7 Statistics 

Data were entered into a spreadsheet (Microsoft Excel, 2010) and summary statistics 

calculated. 

5.4 Results  

I. Quantifying micro-organisms trapped on the membrane of a sealed filter unit 

The method of diluting the broth for preloading the filters produced a range of concentrations 

of micro-organisms in our inoculants (Table 5.13). I was able to quantify micro-organisms 

approximately, but consistently, from filter units loaded from these inoculants, even when the 

concentrations of micro-organisms (estimated from plate counts) were less than 10 CFU (see 

Table 5.13). Below this value, the results were less reliable, but organisms could still be grown 

in most instances. 

The fluid collected from the second filtration by the secondary filter unit produced no growth 

(as shown by clear solutions after incubation), indicating that all micro-organisms present in 

the filtrate were captured by the membrane within the second filter unit. 

Retrieval method testing 

Quality assurance testing of the ‘retrieval’ method (section 5.3.3) was carried out on 38 of the 

40 audit filter units. No growth was obtained from any of these 38 units. On two occasions 

results were not obtained because a sterile secondary filter unit was not available. 

II. The clinical investigation 

a. Patients, cases and participants 

Data were collected from 303 cases over 76 days between 13 August 2013 and 16 June 2014. 

Three cases were excluded because, respectively, one filter unit was lost in transit, one filter 

unit broke during testing in the laboratory, and there was a failure in timely supply of the testing 

supplies on one occasion; thus the final analysis of filter units was undertaken on 300 cases 

from 298 patients (two patients each had a second, different operation).  
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Table 5.13: Laboratory testing results of the back-flush method. 

Estimated number of colony 
forming units (per 10mL) 
inoculated onto the filter units  

Number of colony forming units recovered (after 
back-flushing*) from each of the five filter units 
 
 Staphylococcus epidermidis 

 1 2 3 4 5 
Solution A: 2000-4,000 TNTC TNTC TNTC TNTC TNTC 
Solution B: 200-400 95 122 84 69 69 
Solution C: 20-40 9 17 11 3 4 
Solution D: 2-4 NG NG 1 1 1 
Solution E: Control NG NG NG NG NG 
 Escherichia coli 
 1 2 3 4 5 
Solution A: 6000-8,000 TNTC TNTC TNTC TNTC TNTC 
Solution B: 600-800 TNTC TNTC TNTC TNTC TNTC 
Solution C: 60-80 68 75 40 38 58 
Solution D: 6-8 9 2 8 4 3 
Solution E: Control NG NG NG NG NG 
 Streptococcus pyogenes 
 1 2 3 4 5 
Solution A: 200-1,000 28 13 78 87 18 
Solution B: 20-100 3 2 14 9 2 
Solution C: 2-10 1 NG 1 NG NG 
Solution D: 1 NG NG NG NG NG 
Solution E: Control NG NG NG NG NG 
 Candida albicans 
 1 2 3 4 5 
Solution A: 1,000-1,300 TNTC TNTC TNTC TNTC TNTC 
Solution B: 100-130 72 88 95 104 87 
Solution C: 10-13 3 10 7 8 7 
Solution D: 1 NG 1 1 2 2 
Solution E: Control NG NG NG NG NG 

* = flushing the filter unit in the opposite direction to that used for injecting drugs (see text); 1-5 = repeats of the 
same procedure; TNTC = too numerous to count (colony counts substantially greater than 100); NG = no growth. 
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The gender, age, ethnicity, and American Society of Anesthesiologists (ASA) status15 of these 

patients are presented in Table 5.14 

Table 5.14: Patients gender, age, ethnicity and ASA status.  

Variable Category n=298 %* 

Gender Female 130 44 
 Male 168 56 
Age group (years) 16-35 79 26 
 36-55 92 31 
 56-75 89 30 
 76-95 38 13 
Ethnicity European 185 62 
 Pacific Peoples** 34 11 
 Māori 29 10 
 Chinese 13 4 
 Indian 13 4 
 Other† 11 4 
 Not stated or collected 7 2 
 Middle Eastern/Latin American/African 5 2 
 Not known 1 1 
ASA‡ I 76 26 
 II 129 43 
 III 67 22 
 IV 20 7 
 V 2 1 
 Not stated or collected 4 1 

*=values have been rounded up and so the final figure for each variable may be greater than 100%; **=Samoan, 
Tongan, Fijian, Cook Island Māori or Niuean; †= South East Asian or other Asian; ‡=American Society of 
Anesthesiologists physical status classification system.15  

 

The cases were managed by 23 participating anaesthetists (19 specialists, two registrars and 

two fellows) of whom 11 were female, and 20 were right-handed. Participants managed a mean 

(range) of 13 (1 to 25) cases each. The distribution of cases with respect to order of the day, 

day of week, surgical specialty and duration of anaesthesia is presented in Table 5.15. 
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Table 5.15: The order in the day, day of week, surgical specialty and duration of 
anaesthesia of the cases in the study. 

Variable Category n=300 % 
Order of case in day 1st 156 52 
 2nd 96 32 
 3rd 39 13 
 4th 8 2.7 
 5th  0 0 
 6th  1 0.3 
Day of week Monday 39 13 
 Tuesday 89 30 
 Wednesday 67 22 
 Thursday 85 28 
 Friday 20 7 
Surgical speciality General surgery 100 33.3 
 Otolaryngology 81 27 
 Orthopaedics 56 18.7 
 Urology 25 8.3 
 Cardiac 18 6 
 Neurosurgery 9 3 
 Dental 7 2.4 
 Vascular 2 0.7 
 Ophthalmology 1 0.3 
 Thoracic 1 0.3 
Duration of anaesthesia * (minutes) 0-30 21 7 
 31-60 61 20.4 
 61-90 55 18.4 
 91-120 50 17 
 121-150 28 9.4 
 151-180 21 7 
 181-210 15 5 
 211-240 14 4.6 
 241-270 12 4 
 271-300 9 3 
 301-330 2 0.6 
 331-360 3 1 
 >360 8 2.6 

*=one anaesthetic record was lost and could not be retrieved, hence n=299 for these data 
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b. Microbiology 

In total, 301 filter units from 300 cases were tested (two filter units were used on two different 

IV lines in one cardiac case at the request of the participant anaesthetist). Micro-organisms 

were grown from 19 (6.3%: 95% CI 4.1% to 9.7%) of these filter units (Table 5.16), collected 

from 19 cases. These cases were managed by 12 (50%) of the participants: two participants 

managed three cases, three more participants managed two cases and a further seven 

participants each managed one case (Table 5.16).  

In total, I collected 2318 syringes from 295 of the cases, a mean (range) of seven (0-16) 

syringes per case. The remaining five cases were excluded because in two cases there was a 

noted accident in maintaining the integrity of the aseptic collection of the syringes; one case 

was interrupted and then abandoned (but the filter unit still collected for analysis); and in two 

cases the syringes were accidently discarded by OT staff. In 48 (16%) cases managed by 18 

(78%) participants, micro-organisms were grown and identified from the contents of 55 

syringes (Table 5.16 and Table 5.17). 

I obtained growth from both the filter units and (some of the) syringes used by 11 (48%) 

participants; from the syringes, but not the filter units used by seven (30%) participants; and 

from neither the filter units nor the syringes used by four (18%) participants. There was one 

participant from whom I obtained growth from each filter unit in three cases, but no growth in 

any of the syringes (see Table 5.17, participant three). There was only one case in which the 

same organism was grown from a filter unit and a syringe (see Table 5.17 participant one). 

The cases were managed in 19 OTs. The mean number (range) of cases per OT was 16 (1 to 

52). The cases in which growth was obtained from filters came from 12 OTs and those with 

growth from syringes came from 16 OTs; 11 OTs had cases where growth was obtained from 

both filter units and syringes.  
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Table 5.16: Number of cases undertaken, and of syringes collected from each participant; 
number of cases with contaminated filter units, and of syringe contents contaminated. 

 

 #=participants have been numbered to show those with contaminated filters first (1-12), then those without (13-
23), in descending order of number of cases in each category. 

 

  

Participant 
number# 

n=23  

Number (%) of 
cases undertaken 
n=300 

Number (%) of 
cases with a 
contaminated 
filter unit n=19 

Number (%) of 
syringes collected 
n=2318 

Number (%) of 
syringe contents 
contaminated 
n=55 

1 25 (8.3) 2 (10.5) 216 (9.3) 8 (3.7) 
2 23 (7.8) 3 (15.7) 145 (6.3) 4 (2.8) 
3 23 (7.8) 3 (15.7) 182 (7.9) 0 
4 22 (7.3) 2 (10.5) 169 (7.3) 2 (1.2) 
5 22 (7.3) 1 (5.3) 186 (8) 3 (1.6) 
6 20 (6.7) 1 (5.3) 133 (5.7) 6 (4.5) 
7 20 (6.7) 1 (5.3) 181 (7.8) 2 (1.2) 
8 17 (5.7) 2 (10.5) 130 (5.6) 4 (2.5) 
9 14 (4.7) 1 (5.3) 124 (5.4) 2 (1.6) 
10 10 (3.3) 1 (5.3) 73 (3.1) 5 (7.5) 
11 9 (3) 1 (5.3) 58 (2.5) 3 (5.2) 
12 6 (2) 1 (5.3) 59 (2.6) 5 (8.5) 
13 21 (7) 0 129 (5.6) 2 (1.6) 
14 17 (5.7) 0 134 (5.8) 1 (0.7) 
15 15 (5) 0 98 (4.2) 2 (2) 
16 15 (5) 0 124 (5.4) 3 (2.4) 
17 5 (1.7) 0 57 (2.5) 2 (3.5) 
18 5 (1.7) 0 54 (2.3) 1 (1.9) 
19 2 (0.7) 0 22 (0.9) 1 (4.6) 
20 6 (2) 0 42 (1.8) 0 
21 1 (0.3) 0 12 (0.5) 0 
22 1 (0.3) 0 7 (0.3) 0 
23 1 (0.3) 0 5 (0.2) 0 



 

 

Table 5.17: Micro-organisms recovered from filter membranes and syringe contents by participant and case. 

Participant 
number* n=23  

Case  Micro-organisms recovered 
from filter units n=19 

Micro-organisms grown 
from syringe contents n=55 

Syringe contents (as labelled) 
n=55 

1 A S. capitis S. capitis sodium chloride 0.9% 
 B S. epidermidis NG NG 
 C NG mixed micrococcus midazolam 
 D NG S. epidermidis sodium chloride 0.9% 
 E NG S. epidermidis sodium chloride 0.9% 
 F NG S. capitis metaraminol 
 G NG Staphylococcus sppŦ sodium chloride 0.9% 
 H NG S. capitis metaraminol 
   S. hominis metaraminol 
 Cases I-Y NG   
2 A Corynebacterium species M.luteus/lylae fentanyl 
 B S. epidermidis NG NG 
 C S. haemolyticus NG NG 
 D NG S. epidermidis sodium chloride 0.9% 
 E NG S. hominis propofol 
 F NG S. haemolyticus sodium chloride 0.9% 
 Cases G-W NG   
3 A S. capitis NG NG 
 B M.luteus/lylae NG NG 
 C S. capitis NG NG 
 Cases D-W NG   
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Participant 
number* 
n=23  

Case  Micro-organisms 
recovered from filter units 
n=19 

Micro-organisms grown 
from syringe contents n=55 

Syringe contents (as labelled) 
n=55 

4 A Bacillus species NG NG 
 B S. warneri NG NG 
 C NG M. luteus/lylae sodium chloride 0.9% 
 D NG Cornybacterium spp propofol 
 Cases E-V NG   
5 A S. warneri NG NG 
 B NG S. epidermidis sodium chloride 0.9% 
 C NG Micrococcus spp unlabelled 
 D NG S. capitis dexamethasone 
 Cases E-V NG   
6 A S. capitis S. hominis fentanyl 
   S. hominis other 
 B NG B. circulans sodium chloride 0.9% 
 C NG S. epidermidis fentanyl 
   S. epidermidis sodium chloride 0.9% 
   S. epidermidis other 
 Cases D-T NG   
7 A S. warneri S. capitis fentanyl 
 B NG S. warneri sodium chloride 0.9% 
 Cases C-T NG   
 Cases E-Q NG   
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Participant 
number* 
n=23  

Case  Micro-organisms 
recovered from filter units 
n=19 

Micro-organisms grown 
from syringe contents n=55 

Syringe contents (as labelled) 
n=55 

8 A S. epidermidis NG NG 
 B S. capitis S. epidermidis propofol 
 C NG S. epidermidis propofol 
 D NG S. haemolyticus Propofol + fentanyl 
 Cases E-Q NG   
9 A S. epidermidis NG NG 
 B NG S. epidermidis propofol 
 C NG S. epidermidis propofol 
 Cases E-N NG   
10 A S. capitis S. caprae fentanyl 
   Staphylococcus sppŦ unlabelled 
 B NG S. epidermidis unlabelled 
 C NG S. epidermidis propofol 
 D NG S. capitis sodium chloride 0.9% 
 Cases E-J NG   
11 A S. warneri Bacillus spp sodium chloride 0.9% 
 B NG S. hominis fentanyl 
 C NG S. aureus propofol 
 Cases D-I NG   
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Participant 
number* 
n=23  

Case  Micro-organisms 
recovered from filter units 
n=19 

Micro-organisms grown 
from syringe contents n=55 

Syringe contents (as labelled) 
n=55 

12 A S. warneri K. kristinae fentanyl 
 B NG K. kristinae fentanyl 
   K. kristinae metaraminol 
 C NG K. kristinae sodium chloride 0.9% 
 Cases E-F NG   
13 A NG S. epidermidis unlabelled 
 B NG S. capitis propofol 
 Cases C-U NG   
14 A NG Bacillus spp magnesium sulphate 
 Cases B-Q NG   
15 A NG S. epidermidis propofol 
 B NG S. capitis ondansetron + dexamethasone 
 Cases C-O NG   
16 A NG K. kristinae dexamethasone 
 B NG M. luteus/lylae fentanyl 
 C NG S. warneri sodium chloride 0.9% 
 Cases D-O NG   
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*=participants have been numbered to show those with contaminated filters first (1-12), then those without (13-23), in descending order of number of cases in each category; NG= no growth; 
Ŧ= not aureus; #= syringe was unlabelled but contents were visually identified as propofol; S= Staphylococcus, M= Micrococcus, B= Bacillus, K= Kocuria, spp= species plural.  

 

 

 

 

Participant 
number* 
n=23  

Case  Micro-organisms 
recovered from filter units 
n=19 

Micro-organisms grown 
from syringe contents n=55 

Syringe contents (as labelled) 
n=55 

17 A NG S. epidermidis fentanyl 
 B NG S. epidermidis propofol 
 Cases C-E NG   
18 A NG S. epidermidis unlabeled# 
 Cases B-E NG   
19 A NG S. haemolyticus propofol + lidocaine 
 Case B NG   
20 Cases A-F NG   
21 A NG   
22 A NG   
23 A NG   
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c. Participants’ feedback 

In five cases the participant indicated that propofol was inadvertently injected through the filter 

unit and in two cases that an antibiotic was injected (no micro-organisms were grown from the 

filter unit in any of these seven cases). In 96 cases the filter unit was bypassed at least once 

(Table 5.18).  

 

Table 5.18: Reasons for bypassing filter unit (more than one reason could be given for 
each case). 

Reason Cases n=96  

Inadvertence 36 

No reason given 15 

Before or after setup connected 14 

Emergency 13 

Drug given by non-consented, secondary anaesthetist 

unfamiliar with the study 

4 

Drug given to check line patency 4 

Difficulty of initial line patency so drugs not given via setup 4 

Drugs given directly into bypass circuit 2 

Pre-medication drugs given quickly as patient anxious 2 

Reversal of muscle relaxant given directly into stopcock to 

ensure patient received dose 

1 

Unable to decipher answer 1 

 

The 23 participating anaesthetists’ mean ratings of ease of use of the filter units ranged from 

0.1-7.2 (0 = very easy, 10 = very difficult), with an overall mean of 3.5. In this analysis, five 

of the 300 cases were excluded: four because the responses were not clear, and in one case 

because no response was given.  

The participants’ additional comments regarding the study are outlined in Table 5.19. 
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Table 5.19: Participants’ additional comments. 

Comments n (participant may have commented 
more than once) 

“threw away syringes” 2 

“pressure too hard” or “felt filter unit ‘give’” 11 

“small volumes” 2 

“changes normal behaviour” 10 

“access under drapes” or “slow” 3 

Practical issues mentioned* 3 

* = “bung fell out – needed to be replaced”, “we used saline flushes after each injection but as there was no bar-
coded label for saline we didn’t swipe this into Safer Sleep [the automated anaesthesia record system in use at 
Auckland City Hospital4]”, “Excellent. Attached to CVL [central venous line] gave [me] place to inject”. 

 

5.5 Discussion 

I trapped and grew potentially pathogenic micro-organisms injected intravenously during the 

bolus administration of intra-operative drugs in 6.3% of 300 cases in which patients underwent 

general anaesthesia. There is no reason to doubt the sterility of the drugs provided in ampoules 

or vials, and no reason to doubt that their subsequent contamination was other than inadvertent. 

In 16% of cases I was able to grow micro-organisms from the residual contents of syringes that 

had been retained by the anaesthetists, and which might potentially have been used again for 

further IV injections. Collectively, the varieties of micro-organism grown from the filter units 

and syringes were similar, but there was little direct concordance, at least with present methods, 

in individual cases between micro-organism isolates from the filter units through which drugs 

were injected and residual drug in retained syringes that had been used to inject these drugs 

(see Table 5.16 and Table 5.17). Some of this species variation may be due to the MALDI-

TOF identification: there may be less variation in deoxyribonucleic acid and/or bacterial 

resistance profile.  
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The MADLI-TOF technique used in this study has been developed recently,286 and provides a 

more accurate and reliable method of identifying bacteria than the method used in Chapter 4. 

With this technique, bacteria and fungi can be identified from a single colony; furthermore, the 

bacteria can be identified at subspecies and strain level. A further advantage of this new system 

is the short time to identify micro-organisms; samples can be identified in less than 10 minutes 

whereas previously it could take up to 48 hours.285  

The precise sources of contamination, and the aspects of practice which need to be addressed 

to prevent contamination, cannot be determined from this study. Nevertheless, these findings 

corroborate my previous data5 and that of others6-163 that suggest that anaesthetists’ aseptic 

techniques, in relation to the injection of drugs by bolus, may sometimes be deficient.  

There were no apparent relationships connecting the participants’ gender, handedness, the filter 

unit, or contaminated syringe contents perhaps due to the sample size. Of note, participant three 

(Table 5.16), who carried out 23 cases, produced no contaminated syringe contents but 

conversely had the equal highest number of contaminated filter membranes (three). Also 

noteworthy is participant 12 (Table 5.16) who carried out only six cases, but five syringes 

(from a total of 59 collected) had contaminated contents – four of which were the same micro-

organism (Kocuri. kristinae). Possible explanations for these observations are: participant three 

closed the syringes with caps, and hence possibly kept these free from contamination (but did 

not apply the same aseptic principles to the injection port, and hence micro-organisms were 

trapped by the filter unit); and participant 12 could possibly have a high microbial load on their 

person, or a high dispersal rate of Kocuria kristinae. 

To what extent were the isolates retrieved from the filter units a true reflection of patients’ 

actual exposure to micro-organisms injected inadvertently with IV bolus drugs during 

anaesthesia? It is difficult to completely rule out the possibility that at least some of the cultured 

micro-organisms could have been introduced during the collection and flushing of the filter 

units. However, I took considerable care to avoid introducing micro-organisms in my handling 

of the filters and syringes. Furthermore, the data from the retrieval method testing of the 38 

sterile filter units included to audit this aspect of the study are reassuring (none of these filter 

units showed growth).  

One related limitation in the development of the back-flush technique is that only four micro-

organisms were tested. These were chosen to align with previous research167, to include 
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common environmental287 and population-based micro-organisms59 likely to be associated 

with postoperative infections, and to include an example of a coccus, a bacillus and a yeast. 

Other micro-organisms, endospore-forming bacteria for example, may behave differently. 

Similarly, only one type of commercial filter unit was studied; alternative brands with different 

filter materials may show different characteristics when back-flushed.  

Weaknesses of this study include the use of a sample of convenience, and the fact that the study 

was conducted in one centre only – these results might not apply to other anaesthetists or other 

centres. On the other hand, there is no particular reason to assume that that the practices 

evaluated here would be in any way unusual. We acknowledge that relieving anaesthetists, who 

were not participants, managed the participants’ cases for periods of time, but this does not 

change the clinical relevance of the finding – the study was not directed at individual 

practitioners, but rather at the overall process by which IV drugs are administered to patients 

during anaesthesia. Our rating scale for ease of use of the filters was not formally validated, 

but it was similar to visual analogue scales used in many previous studies (e.g. Merry et al2). I 

assumed that the 0.2μm filter units performed to specifications, and I carried out limited quality 

assurance tests to verify this; the filter unit was bypassed at least once in almost a third of cases 

for various reasons (see Table 5.18): these points also have implications for the potential utility 

of such filters in addressing the problem of inadvertently injected micro-organisms. 

The potential confounding of the data by the filter units failing to trap all organisms or failure 

of the back-flush method to retrieve all trapped micro-organisms, could have resulted in an 

under-estimation of the exposure of patients to micro-organisms by the IV route. In addition, 

although anaesthetists were encouraged to behave “normally” with respect to their aseptic 

practice, the open-label nature of the study may have influenced them to be more fastidious. 

Given the known ability of propofol to promote the growth of micro-organisms275, its exclusion 

from injection through the filter units is also relevant. Thus, there were several potential 

confounders that could have resulted in our underestimating the rate of IV injection of micro-

organisms. However, the use of the filter unit on a Y-connector and the associated need to flush 

boluses of drug into the IV line using sodium chloride involved more opportunities for 

contamination. Any failures in my own handling of filter units and syringes might also have 

inflated the results. It is therefore possible that our data could either over- or under-estimate 

the true incidence of IV injection of micro-organisms. Ultimately, it is the order of magnitude 

of the result that matters, more than the exact rate. The selected 1% threshold for clinical 
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concern in our hypothesis was a subjective judgement which took into account factors 

discussed in the next paragraph, but, arguably, the injection of IV drugs should be 

accomplished in a sterile fashion and in the context of process control it would be reasonable 

to expect a failure rate very close to zero – and certainly lower than 1%.  

The extent to which micro-organisms from the bolus injection of IV drugs might contribute to 

postoperative infections is not clear. Micro-organisms may be present in the blood stream 

without causing harm - after brushing one’s teeth for example.276 In at least some patients, any 

injected micro-organisms may be adequately dealt with by the immune system and through the 

use of prophylactic antibiotics (which are given routinely for many surgical procedures). 

However, the operative wound is an ideal environment for micro-organisms, seeded through 

the bloodstream, to establish infection, particularly given that many patients undergoing 

surgery and anaesthesia are debilitated or ill, or may have reduced immune responses.277, 288, 

289 It seems at least plausible that injecting micro-organisms in this way could contribute to 

some postoperative infections in at least some patients. Recent research has found 18.6% of 

injection ports (on stopcocks) in IV lines used for drugs other than propofol and 17.3% of those 

used for propofol to be contaminated with micro-organisms at 6 hours after first use.156 This 

potential source of contamination may be additional to that demonstrated by my results, or may 

explain some or all of my results. A filter strategy would likely be an effective way to reduce 

blood stream contamination in either case, at least for drugs other than propofol, because the 

injection port on the filter unit is proximal to the filter membrane.  

The question arises, then, of how one might reduce the frequency with which anaesthetists 

inadvertently inject micro-organisms while injecting IV drugs through injection ports, given 

that it is difficult to change embedded clinical practices (this can be seen, for example, in the 

difficulty improving practice in relation to hand hygiene80, 290, 291). The ease of use ratings 

confirm that it would be practical for anaesthetists to routinely include 0.2 μm filter units into 

their cases. It would not be possible to inject propofol through the filter units and, as discussed 

above, some micro-organisms might pass through the filters, but the vast majority of bolus 

injections could be filtered, and the load of injected micro-organisms could be substantially 

reduced.  

Our results reinforce the importance of meticulous aseptic technique in administering IV 

injections, particularly when using high stakes access points, such as central venous catheters 

and peripherally inserted central catheters (where the opportunity for catheter-related blood 



Chapter 5:  
‘Qbugs’ study 

Page | 92 

stream infection is ever present). The routine use of an alcohol wipe of the septum before 

accessing drug vials may also warrant emphasis (data from my previous simulation-based 

study167 and from Hilliard et al112 suggests that the value of this may not be fully appreciated, 

in NZ and elsewhere).  

5.6 Conclusion 

Micro-organisms with the potential to cause infection are being injected into at least some 

patients during the administration of IV bolus drugs during anaesthesia. Clearly this could 

include any pathogen present in the OR environment.162 Strategies to reduce this potential 

source of infection should be developed. 

5.7 Key points 

What is already known on this topic: 

• Postoperative infection is a major cause of harm to patients  

• The administration of IV drugs during simulated anaesthetics resulted in the 

injection of micro-organisms into five (13%) of 38 simulated patients. 

What this study adds: 

• In a clinical setting, using filters, I captured potentially pathogenic bacteria that 

would have been inadvertently injected into patients by anaesthetists in 19 (6.3%) 

of 300 cases. 

Next steps: 

• This study does not address the question of whether these micro-organisms cause 

postoperative infections in patients. 

• A study should be undertaken to determine the extent to which failures in aseptic 

technique in the handling and injecting of IV drugs through injection ports, are a 

contributory cause of postoperative infections. 
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Chapter 6:  

Apprehending micro-organisms to reduce postoperative infection: 

a protocol for the ‘Zbugs’ study. 

6.1 Preface 

Thus far I have reviewed evidence that postoperative infections (notably surgical site infection, 

blood stream infection and pneumonia) form a substantial proportion of healthcare-associated 

infections.3 I have explained that the potential contribution of anaesthetists to these infections 

has largely been overlooked, although it is clear that at least some of their practices could 

influence the rates at which they occur.  

In Chapter 4, I described a study of 20 highly realistic simulated anaesthetics using real drugs 

and standard practices, in which I collected the injected drugs and associated IV fluid: I isolated 

Gram-positive staphylococci, Gram-negative bacilli and other micro-organisms from five of 

38 bags (13%) of this collected injectate.167  

In Chapter 5, I described a study of 300 surgical cases; I captured potentially pathogenic 

bacteria that would have been inadvertently injected into patients by anaesthetists in 19 (6.3%) 

of 300 cases. The clinical relevance of this disconcerting finding does not address the potential 

for these micro-organisms to cause postoperative infections in patients. They do, however, 

appear to justify a study to determine whether failures in aseptic technique in the handling and 

injecting of IV drugs through injection ports are a contributory cause of postoperative 

infections. 

6.1.1 Development of the protocol  

In this chapter, I present a protocol for the next study that will aim to answer the following 

question – do these injected micro-organisms matter clinically? The protocol has been 

developed iteratively over three years, and may undergo further revision. The development 

process has included the recruitment of a team of investigators and collaborators (Table 6.20), 

extensive feedback from Zbugs co-investigators, and consultation with relevant organisations, 

about potential translation of results of the proposed study into practice.  
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This chapter contains the latest version of the protocol (Zbugs3), dated 12April2016. The 

protocol references our previous two studies167, 292 so certain sections are repeated from earlier 

chapters, for example Box 2.2. We plan to submit the protocol to an appropriate journal for 

publication. 

 

Table 6.20: Zbugs protocol co-investigators 

Co-investigator Qualifications and occupation  

Ian Bissett MD, FRACS. Colorectal Surgeon ACH and Associate 
Professor, Head of Department of Surgery, UoA. 

Christopher Frampton PhD. Biostatistician and Professor, University of Otago. 

Richard Hamblin BA. Director, Health Quality and Evaluation, Health Quality 
and Safety Commission. 

Jacqueline Hannam PhD. Lecturer, Department of Pharmacology & Clinical 
Pharmacology, UoA. 

Shay McGuiness MBCHB, FCICM, Intensivist, ACH. 

Alan F Merry FANZCA, FFPMANZCA, FRCA, FRSNZ. Specialist 
Anaesthetist ACH and Head of School of Medicine, UoA. 

Paget Milsom FRACS. Cardiac Surgeon and Clinical Director of Cardiac 
Surgery, ACH. 

Simon J Mitchell PhD, FANZCA. Anaesthetist ACH and Associate Professor, 
Head of Department of Anaesthesiology, UoA. 

Jacob Munro FRACS. Consultant orthopaedic surgeon, ACH. 

Sally Roberts FRACP, FRCPA. Clinical Microbiologist and Clinical Head of 
Microbiology, LabPlus, ACH. 

Janie Sheridan PhD, RegPharmNZ, MPSNZ, FRPSGB. Pharmacist and 
Professor, School of Pharmacy, UoA. 

Christine Walsh Director, Partners in Care, Health Quality and Safety 
Commission. 

Craig S Webster PhD. Senior Lecturer, Centre for Medical and Health Sciences 
Education, and Department of Anaesthesiology, UoA. 

Tim Willcox FANZCP. Chief Perfusionist, ACH. 
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6.2 Study synopsis 

The problem: 

Healthcare-associated infection, in particular surgical site infection, pneumonia and sepsis.  

Rationale:  

We know that anaesthetists inadvertently inject potentially pathogenic micro-organisms into 

about 6% of patients.292 We do not know whether this matters clinically, but it is a plausible 

cause of healthcare-associated infections in operations such as major hip and knee arthroplasty 

and cardiac surgery.  

Objectives:  

To evaluate the clinical significance of micro-organisms inadvertently injected by 

anaesthetists, with the following primary hypothesis: 

The injection of all intravenous bolus drugs (except propofol) through a 0.2micron filter will 

increase days alive and out of hospital in the first 90 days following surgery? 

Primary endpoint: 

Our primary end-point is the patient-centred measure: “days alive and out of hospital 2F

c in the 

90 days following surgery”.  

Design:  

We will use a service-based, “real world”, prospective, modified stepped-wedge, quality 

improvement design (see Table 6.22) to evaluate the impact of filters to prevent injection of 

micro-organisms, by anaesthetists, on postoperative infection, and hence the clinically relevant 

and patient-centred measure, days alive and out of hospital, in the 90 days following surgery. 

                                                 

c In the context of this study ‘hospital’ refers to a public hospital providing secondary or tertiary health care e.g. 
Auckland City Hospital 
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6.3 Introduction and background 

6.3.1 The problem – rationale for the study 

Healthcare-associated infections are a major problem in healthcare systems everywhere and 

create a substantial financial and human burden. Postoperative infections (notably SSI, blood 

stream infection and pneumonia) form a substantial proportion of healthcare-associated 

infections.3 SSI occurs in up to 5% of “clean” operations.25 Pneumonia is also an important 

post-operative complication (particularly after cardiothoracic and abdominal surgery), and 

post-operative septicaemia has increased in NZ from 7 per 1000 at-risk admissions between 

2005 and 2009, to 11 per 1000 in 2013,173 for unknown reasons. Such post-operative infections 

may prolong ICU and hospital stay; or lead to readmissions, long-term complications and 

death. Major programmes exist in the US,293 and elsewhere to reduce healthcare-assoctiated 

infections. For example, in NZ the HQSC has identified SSI as a priority for improvement and 

is funding a major national programme (the SSII programme) to reduce the incidence of SSI 

as a focus of its “Open for Better Care” campaign (http://www.open.hqsc.govt.nz/infections/).   

Data153-157 suggest that the way anaesthetists draw up and administer IV drugs to patients may 

be an important, but previously unsuspected, contributor to post-operative infections. 

Researchers in the United States153 have demonstrated that anaesthesia providers have a direct 

impact on bacterial transmission and infection rates in surgical patients, frequently contacting 

potentially contaminated parts of their patients (e.g. mouths, pharynxes, nares). Moreover their 

rates of hand hygiene actions are low (less than once per hour154) and they rapidly and widely 

contaminate their work environment.155 Twelve to 16% of multiuse injection ports through 

which drugs are administered contain bacteria within 6 hours.156 Crucially, there is an 

association between contamination of these ports and postoperative mortality.157 

The potential contribution of anaesthetists to post-operative infection has largely been 

overlooked, though it is proven that their practices can significantly affect other healthcare-

associated infections. For example, simple initiatives to improve the way anaesthetists and 

intensivists insert central venous lines reduced the median rate of catheter-related bloodstream 

infections per 1,000 catheter-days from 2.7 pre-intervention to zero at three months.164 It is 

plausible that other tasks carried out by anaesthetists could a) contribute to post-operative 

infection and b) be amenable to improvement through simple measures.  
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Anaesthetists inject many IV drugs during every anaesthetic. In a busy perioperative 

environment where multiple drugs are drawn up and used, sometimes in a hurry, it is not 

surprising that strict aseptic technique may sometimes break down (see Box 2.2).  

There have been studies of the microbiological contamination when handling parenteral drugs, 

but these studies come from areas other than the OT. The aseptic techniques of anaesthetists in 

the preparation and administration of injected drugs have not been extensively investigated, 

partly because of various difficulties in conducting this research in the clinical setting. Data 

from our group,167 and from Loftus et al,155, 158, 159, 294, 295 raise the possibility that the way 

anaesthetists draw up and administer drugs to patients undergoing surgery may be an important, 

but previously overlooked, contributor to postoperative infection.  

In 20 highly realistic simulated anaesthetics (see Figure 4.3) using real drugs and standard 

practices, we isolated Gram-positive staphylococci, Gram-negative bacilli and other micro-

organisms from five of 38 bags (13%) of collected injectate.167 Then, in a clinical study at 

ACH, we asked anaesthetists managing cases under general or regional anaesthesia to inject all 

drugs except propofol, drugs given by infusion, and antibiotics through a port incorporating a 

micro-organism-trapping 0.2μm filter unit (B. Braun Melsungen AG, Germany). We excluded 

propofol because it is a lipid emulsion that cannot easily be injected through a filter and 

antibiotics because they would have killed any micro-organisms captured by the filter unit 

before we had isolated and identified them. Post-operatively, under controlled, sterile 

conditions, we flushed the filters with sterile fluid in the opposite direction to that in which 

drugs had been injected, and cultured the fluid. We isolated pathogenic micro-organisms from 

the filtrate that would otherwise have reached the patient in 6% of the 300 cases studied.292 On 

its publication, an accompanying editorial captured the conundrum associated with this 

finding.283 The pathogenesis of SSI is generally believed to involve direct wound inoculation 

rather than haematogenous seeding, but it is implausible to suggest that it is safe to inject micro-

organisms into patients, particularly in the context of implants such as artificial joints or heart 

valves. The rates of SSI continue to be high despite all efforts to address primary causes (i.e., 

wound inoculation). Prestigious commentary21 has stressed the importance of addressing 

potential secondary causes as well as wound inoculation, noting that haematogenous seeding 

has been clearly established as one such cause.296 

Do these findings matter? The primary mechanism for SSI is direct inoculation of wounds, 

but rates of SSI remain high despite extensive efforts to avoid such inoculation. This is most 
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notable in the context of joint arthroplasty where 1.9% of patients continue to have deep 

infections postoperatively297 even when extraordinary measures are taken to avoid 

intraoperative wound inoculation, such as wearing “space suits” and using laminar flow 

theatres.298 These are major clinical complications – typically the prosthesis must be removed, 

weeks must be spent in hospital, open and suppurating wounds must heal by first intention (one 

cannot close an infected wound with impunity) and even the risk of dying is increased.  

In some patients the micro-organisms injected by anaesthetists are presumably dealt with by 

patients’ immune systems and by the prophylactic antibiotics given routinely for many surgical 

procedures (although antibiotic resistance is an increasing problem worldwide299). However, 

many patients undergoing surgery and anaesthesia are debilitated or ill, foreign material may 

remain in situ to form a nidus for infection (e.g. sternal wires), and immune responses may be 

reduced because of associated co-morbidities or aging.288 Anaesthesia and surgery also reduce 

the immune response.289 Factors identified as contributing to healthcare-associated infection 

include obesity, diabetes and skin infections and these are common co-morbidities in NZ, 

particularly in Māori.  

Recent commentary21 drew attention to data in cardiac surgery showing that the risk of SSI is 

increased five times by an infected central line – a source of haematogenous inoculation of 

bacteria.296 Conventional efforts must continue, but addressing other potential factors is long 

overdue. Similar comments were made in the editorial accompanying the publication of our 

most recent study (in Anesthesiology - the highest ranked journal in this field). 283The 

editorialist comment, describing our research as ‘ingenious’, highlighted that further research 

to identify the clinical impact of injecting micro-organisms would help motivate a change in 

practice. We agree; experience with other aspects of safe drug administration (including the 

timely administration of prophylactic antibiotics),2 and with hand hygiene campaigns,80 

demonstrate that it is difficult to achieve sustained and widespread changes in established 

working habits. It would be easier simply to incorporate a 0.2μm filter unit (cost $5.36 per 

filter) in each patient’s IV line and inject all bolus drugs through this, thereby substantially 

reducing the load of injected micro-organisms. However, evidence is still needed that these 

bacteria do matter clinically and that this intervention would be worthwhile. 

To summarize: The inadvertent injection of pathogenic micro-organisms with IV drugs by 

anaesthetists has been largely overlooked as a means by which surgical sterility could be 

subverted in the OT. If injected micro-organisms contributed to postoperative infection in even 
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a small proportion of the 6% of cases in which we detected them, prevention of this would be 

worthwhile. The economic and social cost of such infections is substantial (see section 6.11.5). 

This problem is likely to be important clinically and warrants investigation.  

Our ultimate aim, moving forward, is to reduce post-operative infection after all forms of 

surgery. We have shown that micro-organisms are sometimes injected into patients during the 

administration of IV bolus drugs by anaesthetists. The next step is to evaluate the clinical 

significance of this finding. We aim to do this in patients undergoing hip and knee arthroplasty 

or cardiothoracic surgery by testing the hypothesis that asking anaesthetists to inject all IV 

bolus drugs (except propofol) through a 0.2μm filter will increase days alive and out of hospital 

in the first 90 days following surgery. These filter units have been shown to be highly effective 

in arresting relevant, injected microbiological pathogens.300, 301 They will be like the policemen 

in the old TV series ‘Z-Cars’ – a no-frills, simple and practical way of apprehending the 

“baddies” and keeping patients safe; we have therefore called our study ‘Zbugs’.  

We plan to undertake a study, which will evaluate whether the use of filters prevents micro-

organism injection by anaesthetists, thus impacting on postoperative infection and hence the 

clinically relevant and patient-centred measure: “days alive and out of hospital in the 90 days 

following surgery”. We plan to track the rates of subsequent infections using established 

Ministry of Health (MoH) data, and a recently established national surveillance programme 

and compare the rates with and without filter units. If using filter units in this way reduces post-

operative infections, this will demonstrate that these injected micro-organisms do matter 

clinically and provide an estimate (with confidence limits) of the extent of the problem. At the 

same time, it will also demonstrate that using these inexpensive filter units would be a practical 

intervention to address the problem. Alternatively, if post-operative infections are not reduced 

in a study of this size, considerable reassurance would be provided that anaesthetists’ current 

practices are acceptable.  

6.3.2 Originality  

We have undertaken a formal literature search for previous research on the proposed 

intervention, with ongoing surveillance for relevant studies. Studies that specifically examined 

the aseptic techniques of anaesthetists in the preparation and administration of drugs were 

reviewed. The key findings from selected studies are summarised in Table 6.21.  
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Several investigators have evaluated the aseptic techniques of anaesthetists, but only in relation 

to hand hygiene,97, 263 the use of masks72 or in relation to procedures such as epidural 

placement.302 Contamination by blood and blood-borne pathogens in relation to injection ports 

has also been studied303 as has the contamination of syringes in obstetric anaesthesia,106, 107 and 

in different compounding areas.108, 261 However, we could not find any previous investigations 

into the contribution to postoperative infection by the inadvertent injection of micro-organisms 

in the administration of IV drugs by anaesthetists (or any other practitioners). 

6.4 Study Design 

6.4.1 Goals and Aim 

The overall goal of the ongoing programme of research of our group is to reduce harm from 

human error in anaesthesia, through systematic analysis of its causes and implementation of 

appropriate counter-measures.2, 206, 304 This is the third study in a series of studies (the first two 

are outlined in section 6.3.1 above) in which our ultimate aim is to reduce the rate of post-

operative infections by preventing the injection of pathogenic micro-organisms during drug 

administration.  

6.4.2 Objective and hypotheses  

To evaluate the clinical significance of micro-organisms inadvertently injected by 

anaesthetists, with the following primary hypothesis: 

The injection of all IV bolus drugs (except propofol) through a 0.2micron filter will increase 

days alive and out of hospital in the first 90 days following surgery. 

 



 

 

Table 6.21: Key findings from selected publications central to the study. 

Reference Setting Size of study (n) Methods  Key finding(s) 
Bennett SN et al. 
1995275 

Seven tertiary 
care facilities 

62 patients  Infection post-surgery  Exposure to propofol associated with post-operative 
complications 
 Variety of lapses in aseptic techniques of anaesthetic 
personnel 

Friedman Z et al. 
2008302 

Tertiary care 
facility 

35 sessions by 11 year-
2 anesthetic residents 

 Manual skills and aseptic 
techniques during epidural 
anaesthesia procedures  

 Over time only skills improved implying gaps in 
teaching of principles of aseptic techniques 

Loftus RW et al. 
2011158 

Tertiary care 
facility 

28 operating suites; 82 
pairs of operating suites 

 Anaesthesia providers   Anesthesia provider hand contamination a source of 
intraoperative contamination 
 Other risk factors also identified e.g. ineffective 
decontamination strategies 

Loftus RW et al. 
2012157 

One tertiary 
facility, two 
medical centers 

548 cases,  
2640 hands,  
1087 patient samples, 
2170 environmental 
samples 

 Provider hands, patient 
nasopharynx and axilla, two 
sites on anaesthesia machine, 
peripheral tubing 3-way 
stopcocks 

 Bacterial reservoirs contributed to cross-
contamination of IV stopcocks 
 These reservoirs were intricately related 
 Bacterial pathogens in the reservoirs could contribute 
to post-operative infection 

Loftus RW et al. 
2012159 

Tertiary care 
facility 

28 operating suites 
572 cases 

 IV stopcocks with or without a 
closure designed to clean 
connections  

 Stopcock lumen contamination reduced 
 Postoperative infection and phlebitis reduced at 30 
days  
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Reference Setting Size of study (n) Methods  Key finding(s) 
Cole et al. 2015156 University college of 

medicine 
300 operations   IV stopcocks from operations 

with or without propofol 
 Positive bacterial counts from both stopcocks after 6 
hours 

Loftus RW et al. 
2015161 

One tertiary facility, 
two medical centers 

170 Staphylococcus 
aureus isolates 
from 548 cases 

 Transmission events (provider 
hands, patient, IV tubing and 
anesthesia environment) 

 Exposure to ward and/or ICU prior to surgery increases 
colonization by virulent Staphylococcus aureus 
 Strains transmitted via environment is more virulent 

Loftus RW et al. 
2015162 

One tertiary facility, 
two medical centers 

167 Gram-negative 
isolates from 548 
cases 

 

 Transmission events (provider 
hands, patient, IV tubing and 
anesthesia environment) and 
linkages to 30-day post-
operative infections 

 Gram-negative bacterial transmission occurs 
frequently and is linked to 30-day post-operative 
infections 

Loftus RW et al. 
2015163 

One tertiary facility, 
two medical centers 

166 Enterococcus 
isolates from 548 
cases 

 

 Transmission events (provider 
hands, patient, IV tubing and 
anesthesia environment) 

 Provider hands are a common source of contamination 
by Enterococcus 

Mahida et al. 
2015236 

One tertiary facility 106 elective or 
emergency surgical 
cases 

 Ventilator switches, oxygen 
flow knobs, used syringes, IV 
extension lines 

 Positive bacterial counts from all four sites  
 Two cases had matching micro-organisms detected 
from three sites 

IV= intravenous; ICU = intensive care unit 
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6.4.3 Endpoints 

Our primary end-point is the patient-centred measure: “days alive and out of hospital 3F

d in the 

90 days following surgery” (see section 6.6). This measure will be reduced by increased 

hospital stay, readmission to hospital within 90 days and death within 90 days. This is a 

clinically important patient-centred measure which captures elements of outcome that matter 

to patients. Any reduction attributable to our intervention (the filters) in clinically important 

postoperative infections of any type (notably SSI, pneumonia and sepsis) should, therefore, 

manifest as a greater number of days alive and out of hospital in the filter group.  

As a secondary endpoint we will also measure the rate of SSI, specifically a) superficial 

incisional SSI; b) deep incisional SSI; (c) organ/space SSI; (d) pneumonia; and (e) 

septicaemia,3 all occurring within 90 days of surgery while in hospital after surgery, or 

requiring re-admission to hospital. We will utilise data from the National SSI Improvement 

surveillance programme (see section 6.6.1). These are important explanatory measures, but will 

not capture all forms of infection. By contrast, quantifying the difference between groups in 

days alive and out of hospital will provide a compelling quantification, the practical clinical 

importance of all manifestations of infection, and of the potential benefit of our proposed 

intervention. 

6.4.4 Design 

Our previous two studies167, 292 have provided us with background data to inform the design of 

the current proposal. We will use a service-based, “real world”, prospective, modified stepped-

wedge, quality improvement design (see Table 6.22). We will begin by obtaining normal care 

(NC) data (see section 6.5.1) from two sites within the Auckland region in approximately 1400 

cases (a case is defined as one patient undergoing general or regional anaesthesia on one 

occasion2). At the same time, we will recruit as many other sites as we can. We aim to start our 

intervention using the filter unit (F) (see section 6.5.2), in our first site at the beginning of year 

two, and also to begin baseline data in the required number of additional sites at that time, 

progressively moving to the intervention according to a stepped wedge design.  

                                                 

d In the context of this study ‘hospital’ refers to a public hospital providing secondary or tertiary health care e.g. 
Auckland City Hospital. 
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6.4.5 Institutions  

The first two hospitals will be in the Auckland region, but randomised for start of intervention 

(site A shown starting first on Table 6.22), and then each subsequent hospital pair will be added 

on a randomised basis. The number of hospitals and duration of the study will be adjusted to 

meet the final sample size (which may well be larger than 10,000). Table 6.22 shows the 

principles of allocation between hospitals with different caseloads. Cardiothoracic cases, 

although not included in this illustration, will be treated in a similar fashion to arthroplasties. 

6.4.6 Participants and cases 

Our participants will be anaesthetists (including trainees) at the participating sites. We will 

study arthroplasty and cardiothoracic cases because a) infection is particularly significant in 

these patients and b) national registry data are available for them. 

6.4.7 Recruitment 

A study information/recruitment sheet will be placed on the research notice board at each study 

centre (ZDoc-2). Study personnel will contact the chief medical officer and chief nursing 

officer, and leaders of the anaesthetic, surgical, nursing, and cardiovascular ICU units at each 

of these study centres, discuss the study with them and seek their support for it. We shall then 

present the study to anaesthetists, perfusionists, ICU staff and other relevant staff (surgeons, 

nurses, intensivists and technicians) from each study centre, typically at regular departmental 

meetings supplemented by letter (ZDoc-5). The anaesthetists and perfusionists will be invited 

to participate (Zdoc-6). They will have the opportunity to ask questions and discuss the study 

in detail. They will be taken through the use of the filter units, which should present no 

difficulty to them. An offer will also be made to meet specifically with all ICU staff, and 

orthopaedic and cardiac surgeons in each centre, or to answer any questions via email or 

telephone (ZDoc-9).  
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Table 6.22: Illustrative study design (modified stepped-wedge) using arthroplasty data 
and showing one possible approach to the entire study, based on an estimated 
requirement of approximately 10,000 cases: NC is normal care, F is filter unit. Numbers 
represent caseloads. 

Six-month periods Site A* Site B* Site D* Site E* Totals 

1 NC (461) NC (254)    

2 NC (461) NC (254)    

3 461 (F) NC (254) NC (486) NC (339)  

4 461 (F) NC (254) NC (486) NC (339)  

5 461 (F) NC (254) NC (486) 339 (F)  

6 461 (F) NC (254) NC (486) 339 (F)  

7 461 (F) 254 (F) 486 (F) 339 (F)  

8 461 (F) 254 (F) 486 (F) 339 (F)  

Normal care 922 1524 1944 678 5068 

Filter unit 2766 508 972 1356 5602 

Totals 3688 2032 2916 2034 10,670 

*Sites represent real hospitals in NZ. The caseload numbers have been taken and adapted from SSII programme 
National Orthopaedic SSI Reports (available from www.hqsc.govt.nz), and estimating a collection rate of 80% of 
the reported caseload. 

 

6.4.8 Inclusion and exclusion criteria for cases  

Inclusion criteria: Elective or acute hip or knee arthroplasty or cardiothoracic operations 

under general anaesthesia with or without regional anaesthesia, or under regional anaesthesia 

with sedation in adult patients (i.e., 16 years of age or over) will be included. We shall attempt 

to include all eligible cases started during normal working hours on Mondays to Fridays when 

the researchers and the participant anaesthetist are both available.  

Exclusion criteria: Procedures other than hip or knee arthroplasty or cardiac surgery. Heart 

and lung transplants will be excluded from the study because of their complexity and the use 

of immunosuppression in these cases, but anaesthetists will of course be free to use filters in 
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these cases if they so choose. Participating anaesthetists will be able to exclude cases if any 

clinical reasons to do so emerge, including any request by a patient to opt out of the study.  

6.5 Methods 

IV drugs in the OT are supplied sterile and are usually administered to patients via an injection 

port in the IV fluid line or via a port incorporated in the IV cannula or via the central line or 

via an injection port on the bypass machine. Typically, drugs are drawn up from glass or plastic 

ampoules or vials into syringes; each syringe is attached as needed (sometimes via a needle) to 

the injection port. Fluids are routinely administered through the same giving set or via a second 

set and cannula. See also Addendum 6.1: Zbugs study day outline. 

6.5.1 Normal care 

During periods marked ‘NC’ on Table 6.22, normal care will be followed and no filters will 

be used. 

6.5.2 Filter unit  

During periods marked ‘F’ on Table 6.22, for hip and knee arthroplasty patients we shall 

incorporate a 0.2μm filter unit (the epidural unit produced by B. Braun Melsungen, Germany) 

into a Y-connector extension in each patient’s IV fluid line and ask participating anaesthetists 

to inject all drugs given in the OT (except propofol – see section 6.5.4, any drugs given by 

constant IV infusions and IV fluids) through these units (Figure 6.7). For cardiac patients we 

will include one filter in the peripheral IV fluid line, one unit in the central line and one unit 

via the injection port on the bypass machine. Sterile 0.9% sodium chloride or sterile water for 

injection will be used by the anaesthetists to flush drugs through the filter unit into the IV fluid 

line. The filter units will remain in place until the patients leave the post anaesthesia care unit 

(for up to 24 hours). 
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Figure 6.7: Proposed clinical set-up for the Y-connector extension line. 

 

At each site, during filter unit periods (‘F’ in Table 6.22), we shall provide Zbugs equipment 

bags (see Table 6.23) which will contain the filter units, setup suggestions (ZDoc-3 or ZDoc-

4) and a photo (Figure 6.7), a label which identifies the purpose of the setup (Figure 6.8), 

injection ports, a Y-connector extension, alcohol wipes, and a 3mL prefilled syringe of sterile 

sodium chloride 0.9% to flush the filter unit and line during setup. We will arrange for their 

appropriate storage and care until needed. 

Propofol will be administered via the standard injection ports that are routinely available, 

integrated into IV cannulae or IV lines. Infusions will be given through primary IV lines, not 

through the filter unit. A label will be attached to the filter unit extension indicating that this 

additional injection port is for medications other than propofol or IV infusions (see Figure 6.8). 
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Table 6.23: Contents of the Zbugs equipment bag (also see Addendum 6.2).  

Item Quantity 

Cardiac cases Hip and knee cases 

0.2μm filter unit  4 1 

Setup instructions laminated card (ZDoc-3) 1 N/A 

Setup instructions laminated card (ZDoc-4) N/A 1 

Medication line label (Figure 6.7) 2 2 

Injection port 4 1 

Y-connector extension (white) line 1 1 

Alcohol wipes 4 1 

3mL sodium chloride 0.9% prefilled syringe 1 1 

 

 

 

Figure 6.8: Medication line label. 

 

Sterile 0.9% sodium chloride or sterile water for injection will be used by the anaesthetists to 

flush drugs through the filter unit into the IV line. The volume of the fluid needed to fill the 

filter unit and the Y-extension is approximately 1.16mL (see Table 6.24).  



Chapter 6:  
‘Zbugs’ study protocol 

Page | 114 

Table 6.24: The fill volumes (mL) of the proposed clinical set up (source: manufacturer’s 
product information sheets).  

Component Fill volume (mL) 

Y-connector extension (white) line  0.6 

0.2μm filter unit  0.45 

Injection port  0.11 

TOTAL 1.16 

 

The anaesthetists will be able to use additional IV lines and cannulae for fluids or infusions at 

their discretion, as they would in their usual practice.  

During filter unit periods (‘F’ in Table 6.22), IV bolus drugs administered in the ICU will be 

given through the filter units.  

6.5.3 Operating theatre procedure 

Cases will be assigned a study reference number: information identifying study centre, OT 

staff, anaesthetists, ICU staff, perfusionists and patients will be removed once the data have 

been linked with the National SSI Improvement surveillance programme (see section 6.6.1). 

At each study centre the research co-ordinator (RC) will determine from the daily roster which 

participant anaesthetists are scheduled to relevant cases. They (or the participating anaesthetist) 

will then speak with each patient regarding the study (this may be on the day before or the day 

of their surgery), provide them with the information sheet (ZDoc-8), and confirm that they are 

comfortable to be included. The RC will also remind the participating anaesthetist about the 

study. In filter unit periods (‘F’ in Table 6.22) the RC will collect the Zbugs equipment bag, 

take it to the relevant OT and ensure that the setup is assembled by the anaesthetist or 

anaesthetic technician as in Figure 6.7 (for the peripheral line).  

6.5.4. Propofol 

It is impractical to inject propofol through the B.Braun filters because the physical resistance 

is too high for the emulsified formulation. This is relevant because propofol is known to be 



Chapter 6:  
‘Zbugs’ study protocol 

Page | 115 

prone to contamination.121 Consequently, we have put considerable thought into devising an 

intervention that would include this drug. We have tested a number of filter units and have not 

found one that is capable both of filtering micro-organisms and of allowing the ready passage 

of propofol. Dealing with propofol would therefore require two interventions – one for propofol 

and one (the filter unit) for all other drugs. One option might be to try to modify the techniques 

in administering drugs, or perhaps a modification just in administering propofol. However, 

experience with hand-hygiene programmes around the world testifies to the fact that 

behavioural modification of this type would be difficult and expensive to achieve, and even 

more difficult to sustain. Another option might be to require the use of commercially prefilled 

glass syringes of propofol. However, these syringes are very expensive, (NZ$47 each), require 

specialised infusion equipment, and their use could still be subject to poor aseptic technique. 

In fact, we believe it is not necessary to include injecting propofol through the filter units to 

answer the primary question because these were all excluded in our previous study292 (for the 

same reasons). Thus, the pathogenic micro-organisms we identified in the filter units from 6% 

of cases came from the many drugs administered by anaesthetists other than propofol. In 

addition, any influence of propofol will apply equally to the filter unit and the normal care 

groups, and so will not confound our results. 

Importantly, our study will involve a simple, inexpensive and clinically applicable intervention 

– the use of a microbiological filter unit with a retail cost of about NZ$5. In the event that we 

identify injected pathogenic micro-organisms as contributory to post-operative infections, we 

can justify recommending the routine use of such filters at least in hip and knee or 

cardiothoracic surgery cases, and perhaps more widely. If we included a more-expensive and 

problematic intervention (in addition to the filter unit) to deal with propofol, we would not be 

able to differentiate between the relative contributions of the two interventions. Therefore, we 

would not be in a position to recommend filter units as a specific, inexpensive and pragmatic 

solution for rapid adoption into clinical practice.  

6.6 Data collection and entry 

The RCs will record patients who opt out or cases that cannot be included for logistical or any 

other reasons (with the details, if available). Also see section 6.9.3. 
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Data for our primary endpoint (days alive and out of hospital) will be collected using current 

DHB and MoH database systems (we have already established how to do this at ACH).  

6.6.1 National Surgical Site Infection Improvement surveillance programme 

The data on SSI (our secondary endpoint; see section 6.4.3) will be obtained from the National 

Surgical Site Infection Improvement (SSII) programme that has recently been established 

with support from the HQSC (see http://www.hqsc.govt.nz). This programme is currently 

operating for DHB-funded total hip and total knee replacement surgery, and for cardiothoracic 

procedures. Each procedure has a specific International Classification of Diseases 10th 

Revision (ICD-10) code, which, with the National Health Index (NHI) number, allows it to be 

captured in existing DHB databases, including theatre management system databases. In the 

majority of DHBs, a standard set of data is collected for the surveillance programme by trained 

personnel, predominantly infection prevention and control nurses and perioperative nurses, and 

the data entered via the web into a national database. Ongoing training and support is provided 

in addition to initial training. Linkages with the respective surgical service have been 

established to deal with any uncertainty about which procedures should be included in the 

database, or about the definitions for infection. A report on the number of procedures 

performed and the number of infections identified is generated for each DHB. DHBs are 

required to confirm that they believe the information is correct. Various strategies have been 

established to ensure that all infections are identified. These include reviewing hospital 

microbiology records; having the ward teams alert the infection prevention and control team 

about suspected infections; and reviewing the medical records of patients re-admitted to 

hospital within 90 days of the relevant procedures. We have formally arranged to have access 

to this dataset, and our study team includes both Dr Sally Roberts, the Clinical Lead for the 

HQSC Infection Prevention and Control programmes, which include Hand Hygiene NZ and 

the SSII programme, and Richard Hamblin, Director of Health Quality Evaluation at the 

HQSC. See also Addendum 6.3: SSII programme letter. 

6.6.2 Centralised data capture 

Data from each case will be entered, online at the Zbugs website, into the Zbugs database and 

linked to data from the DHB database (for ‘days alive and out of hospital’), and the national 

SSI improvement programme (for 90-day post-operative infection rate) by reconciliation of 

each patient’s unique NHI number.  
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6.7 Complications 

This study will not alter patient care in any substantive way and all aspects of patient care will 

remain the responsibility of the attending anaesthetists and surgeons, including the 

management of any general complications. In filter unit periods, participants will be able to 

bypass the filter unit to administer drugs in an emergency (if necessary).  

6.8 Statistics, sample size and timeline 

6.8.1 Statistical analysis 

Statistical analysis will be directed and undertaken by Professor Chris Frampton, University of 

Otago, who is a co-investigator. The primary (days alive and out of hospital) and secondary 

(90-day post-operative infection rate) endpoints will be compared between randomised groups 

using general linear model and logistic regression model respectively. These models will 

incorporate site and six-month interval as random effects. The differences between groups will 

be summarised as a difference between means for the primary endpoint and as an odds ratio 

each with one-sided 95% confidence interval derived from the models.  

6.8.2 Concealment and blinding 

Concealment from, and blinding of those involved with the surgery is impractical (see also 

section 6.10.3).  

6.8.3 Sample size 

We will begin by obtaining normal care data from two sites within the Auckland region in 

approximately 1400 cases. The number of hospitals and duration of the study will be adjusted 

to meet the final sample size (which may well be larger than 10,000) and maximise the 

efficiency of the study.  

6.8.4 Timeline 

See Table 6.22. 
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6.9 Ethics, registration and experimental controls 

6.9.1 Ethics and locality approvals  

Ethics approval has been given by the National Ethics Committee (Addendum 6.4 – note this 

approval is the original Zbugs study v1.7 141117. Approval for the current version of the study 

is pending). Locality approval will be obtained at each study centre.  

6.9.2 Trial registration 

The trial will be registered with the Australian New Zealand Clinical Trials Registry, 

www.anztr.org.au. 

6.9.3 Consent 

As with our previous study (Health and Disability Ethics Committee: 13/NTB/80), our focus 

is on quality improvement of a standard aspect of anaesthetists’ practice. Therefore, we shall 

obtain formal written consent from participating anaesthetists and perfusionists (ZDoc-7). The 

filter unit is a minimal intervention and exceedingly unlikely to result in harm. Therefore, as 

with our previous study, we shall not obtain formal informed consent from patients. However, 

as in our previous work we will ensure, by means of an information sheet in simple language 

(ZDoc-8), that patients know they are in a quality improvement initiative to evaluate 

anaesthetists’ practice, and that information about outcome and about any post-operative 

wound infection they may experience will be collected anonymously. They will be given the 

option of contacting the researchers to ‘opt out’ of the study if they wish. A record will be kept 

of how many patients ‘opt out’ (in our previous study292 only one patient out of 300 opted out). 

6.9.4 Participant or patient withdrawal 

Participants or patients may withdraw from the study at any time. This will be recorded. If 

available, stated reasons for withdrawal will be recorded. Recruitment of patients will continue 

until the required number of cases has been studied. 

6.9.5 Steering committee and data monitoring committee:  

A steering committee has been formed, comprising the lead investigators to supervise the 

conduct of the study. The steering committee will be responsible for trial continuation or 

cessation should issues arise.  
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An independent data monitoring committee will be formed before the start of the study. 

6.9.6 Confidentiality 

All data pertaining to the participants and patients will be confidential and de-identified. Any 

publications resulting from this work will not include identifying data (for participants, patients 

or study site). 

Cases will be assigned a study reference number and information identifying study centre, OT 

staff, participants and patients will be removed once the data has been linked with the DHB 

databases and the national surveillance programme by the investigators. 

6.9.7 Data storage and retention of records. 

Data will be collected by RCs at each study centre. All raw data will be recorded on documents 

as listed under the documents registry and entered electronically on to a secure, password-

protected log-in section on the study website. Paper data will be stored for seven years in a 

locked cupboard in the Department of Anaesthesiology, University of Auckland as per ethics 

committee guidelines. Electronic data will be kept on a secure server within the nominated 

departments for fifteen years. After this time all paper records will be securely destroyed and 

all electronic records permanently deleted. 

6.9.8 Participant/patient information sheet and consent forms 

Participants and patients will be given separate information sheets (ZDoc-6 and ZDoc-8). 

Participants will be asked to complete a consent form as per ethics approval guidelines (ZDoc-

7). Patients will be given a study information sheet and the opportunity to opt out. 

6.9.9 Conflicts of interest 

Prof Alan Merry chairs the Board of the Health Quality and Safety Commission that runs the 

National Surgical Site Infection Programme. This will be declared. He and Dr Craig Webster 

also have financial interests in Safer Sleep LLC, which produces a safety system for 

anaesthesia. Arguably there is a general conflict related to the overall aims of the system to 

improve the way drugs are administered. For example, it recommends prefilled syringes, 

primarily because of their value in reducing drug administration error but also because they 

may possibly be associated with less contamination. The filter unit investigated for this study 

are not in any way part of the Safer Sleep system. 
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6.10 Strengths and weaknesses of this study 

6.10.1 Strengths 

Strengths of the study include the relevance and importance of our clinical question, the strong 

base of experience gained in our two previous studies,167, 292 the large size of the study, our 

robust and practical means of collecting data, and the track record and networks of our team. 

A further strength is that our original proposal was the subject of a two-stage process of formal 

peer review and endorsement by the Australia New Zealand College of Anaesthetists 

(ANZCA) Trials Network, and also by several relevant prominent clinicians and researchers 

(e.g., A/Prof Tim Short, Anaesthetist ACH, A/Prof Sally Merry, University of Auckland, 

A/Prof Andrew Shelling, University of Auckland). During this process many practical points 

have been addressed. Residual questions that have been raised are discussed below. See also 

Addendum 6.5: ANZCA Clinical Trials Network letter of endorsement. 

6.10.2 Will the fact that infusions and IV fluids are not given through the filter unit 

confound the study? 

It is not practical to administer drug infusions via a filter unit because separate infusions may 

be run for multiple drugs, and sometimes these drugs are incompatible for various reasons. 

Thus a separate filter unit would be required for each infusion. However, the study rationale 

(grounded in previous research and clinical observations) pertains to IV boluses, not to 

infusions of IV fluids. In general, fluids and infusions are connected once and remain 

connected. Thus, the potential for microbiological contamination is less than for drugs 

administered by bolus where multiple connections and disconnections of partly used syringes 

are common.  

6.10.3 Shouldn’t the study participants be blinded?  

Blinding of participating clinicians is impractical. We have considered using dummy filters 

units (filter units with larger membrane pore sizes that would allow micro-organisms to pass) 

in the standard care group. However, suitable “dummy filters” are labelled differently and look 

very different. In addition, the resistance to injection would be different irrespective of outward 

appearance. Anaesthetists are familiar with using filter units of this type in the context of 

epidural injections so they would quickly work out which were which. Furthermore, the study 

end points are objective and diagnosis of postoperative infection will be done by clinicians who 
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will be independent (and presumably unaware) of the study, and certainly blinded to group 

allocation. 

It is possible that the presence of the filter unit will focus participants’ minds on their aseptic 

technique (through the so-called “Hawthorne Effect218”). This might introduce a source of bias 

in favour of the filter unit, but such influence would remain present if the filter units were 

adopted into clinical practice, so this would not invalidate any conclusion of benefit. On the 

other hand, if we include a dummy filter unit in control cases the same effect could produce a 

false negative finding by promoting improved aseptic technique in both groups. Even a small 

effect of this type could conceivably undermine our sample size estimations and lead to a type 

2 error. Thus, we do not think attempts to blind the clinical participants in this study are 

necessary or even advisable. 

6.10.4 Is the study too complex and not worth the effort?  

Postoperative infections are a very serious problem – we have outlined the facts under section 

6.11.5. Indeed, addressing it is a national priority for the HQSC in NZ. It is perhaps worth 

noting that similar objections were raised concerning Pronovost’s central venous catheter 

infection reduction study305, which has since been estimated to save 2,000 lives and $200 

million annually in the state of Michigan alone and which has now been implemented 

nationally in NZ with comparable benefits. It seems clear that there are substantial potential 

benefits in investigating postoperative prevention, especially since the intervention 

investigated, if successful, is likely to be highly cost effective (again, see section 6.11.5). 

6.10.5 Should post-operative infections that are treated by general practitioners in the 

community be included in the study? 

Our outcome measures rely on data from DHB database systems, MoH data, and the national 

surveillance programme (see section 6.6) and will therefore not include cases diagnosed and 

treated solely in the community. However, cases diagnosed and treated in the community are 

likely to be of lesser consequence than those treated in hospital. Our study will therefore 

compare the incidence of the most-significant infections in the filter unit and standard care 

periods. In addition, any attempt to capture data on minor infections treated in the community 

would be logistically difficult and require far greater resources.  
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6.11 Dissemination, translation into practice and impact  

6.11.1 Communication during the study – website and newsletters  

During the period of the study we shall maintain a website with publically available updates 

on the progress of the study. We shall publicise the study through the newsletters and websites 

of the two organisations mentioned (ANZCA and HQSC), as well as the Royal Australasian 

College of Surgeons, and at all participating hospitals. 

6.11.2 Feedback to sites and participants 

We plan to disseminate our findings to groups and individuals associated with the study, such 

as the DHBs who participate in our study, and in particular their Chief Medical Officers, and 

Quality and Safety groups. We will also disseminate the findings through presentations and 

written communications to the other DHBs in NZ and through the chairs of the DHB Chief 

Executive Officers group, Chief Medical Officers group, Board Chairs group and the Ministry 

of Health. Feedback will be offered to individual participants. This will include their hospital, 

unit or individual results and the overall results once the study has concluded and results have 

been drafted for publication. Results will be anonymous other than in respect of the individual 

hospital, unit or individual to which they are released (and individual results will only be 

released to the individuals themselves). 

6.11.3 Publication and presentation 

It is envisaged that the results of this study will be submitted for publication in a high impact 

peer-reviewed journal, such as The Lancet or the British Medical Journal. We will seek to 

present them at appropriate conferences, including the Annual Scientific Meetings of ANZCA 

(the ANZCA Trials Network oversees a plenary session at the college’s annual scientific 

meeting for recent results of the trials it endorses) and the Royal Australasian College of 

Surgeons.  

6.11.4 Translation into clinical practice 

If we find no important difference in post-operative infections between groups, no change in 

practice would be needed. This would be important information, which we would disseminate 

widely through publications and presentations. If we do find a clinically important and 

statistically significant difference in the rate of infection between the two study groups, this 
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would confirm that microbial contamination of drugs administered during anaesthesia has 

important clinical consequences. At the same time it would (we believe) justify urgent inclusion 

of filters as an inexpensive and largely risk-free study intervention into routine clinical practice 

(see section 6.11.5). We expect that this simple and affordable intervention would also be 

generalised to other procedures at risk of healthcare-associated infection. 

In NZ, the study team has strong connections with the HQSC, the ANZCA, and the Royal 

Australasian College of Surgeons, and has engaged with all three organisations in planning this 

study. Notably, this study has been formally reviewed and endorsed by the ANZCA Clinical 

Trials Network (see Addendum 6.5). We would report a positive result to these organisations 

and engage with them in translating the results into practice. As discussed above, inclusion of 

filters into anaesthesia practice would be the obvious and immediate way to do this, but 

additional recommendations may also be appropriate, perhaps in relation to the whole approach 

to the aseptic management of drugs, at least in patients at high risk from postoperative infection. 

In addition, as a result of having DHBs in the study, institutional champions for the change in 

practice would already be established in major centres around NZ. 

6.11.5 The potential to reduce postoperative infections 

Healthcare-associated infections are amongst the most frequent adverse events in health care 

worldwide.3 In NZ, the estimated annual cost of all healthcare-associated infections exceeds 

NZ$136 million.306 In the US this figure is US$9.8 billion.307 Our selected patient populations 

have been purposively selected as being at increased risk of infection and hence are particularly 

relevant: infection after joint arthroplasty and cardiothoracic surgery is very serious and 

additional surgery and prolonged hospitalisation is often required.308 The average cost of a 

single episode of deep SSI has been estimated as NZ$45,000171 for mediastinitis after cardiac 

surgery and $16,000170 after hip or knee arthroplasty, and much more if the prosthesis becomes 

infected.309 In fact, in four recent NZ cases of infected hip or knee arthroplasties, the estimated 

additional cost was higher and ranged from $24,761 to $124,167 each (data from Northland 

DHB, 2014, with permission). Furthermore, there are substantial personal costs for these 

patients, including time off work, suffering, and an increased risk of dying.306 It is notable that 

a 1989 Swedish study showed that, in comparison to uncomplicated knee replacements; 

patients whose prosthesis became infected required three times as many operations, 10 times 

as many days in hospital, five times as many outpatient visits, four times as many radiographic 

examinations, and seven times the total cost of care.169  Pneumonia and septicaemia are also 
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important postoperative complications for our selected populations, resulting in prolonged ICU 

and hospital stay or leading to readmissions, long-term complications and death. It seems clear 

that there are substantial potential health and economic benefits in preventing post-operative 

infections in high-risk procedures. A finding that injected micro-organisms contribute to these 

infections would translate directly into clinical practice in NZ and internationally, as discussed 

above (see section 6.11.4). 

6.11.6 Public health implications in New Zealand and internationally 

A positive study outcome would have important implications for public health and would be 

translatable into clinical practice in a five-year timeframe or less. Routinely injecting 

anaesthetic drugs through a microbiological filter unit costing approximately NZ$5 would be 

a simple, and (likely) cost-effective intervention that would improve patient care and save 

millions of dollars. The publication of a large randomised trial in a major journal is likely to 

result in widespread and rapid implementation of this intervention, not only in NZ but also 

internationally. 

6.12 Personnel responsibilities 

6.12.1 Steering committee 

The steering committee will be chaired by the principal investigator (AFM), and include each 

of the chief investigators (DG and SJM) and co-investigators (IB, CF, JH, SR, JS, and CSW). 

The steering committee will have overall responsibility for the conduct of the study, and writing 

and publishing the manuscript.  

6.12.2 Data monitoring committee 

An independent data monitoring committee will be formed before the start of the study. 

6.12.3 Investigators 

The PI (Alan Merry) and chief investigators (Derryn Gargiulo and Simon Mitchell) are 

responsible for: study design and data integrity; data collection; study procedures; study 

analysis and write-up. In addition the co-investigators will have various responsibilities 

according to their expertise including study design, protocols and analysis, recruitment, write-

up and obtaining ethics approval (see Table 6.25). Additional researchers will be co-opted as 



 

 

Table 6.25: Personnel responsibilities during the Zbugs study (AM = Alan Merry, DG = Derryn Gargiulo, SJM = Simon Mitchell, CF = Chris 
Frampton, IB = Ian Bissett, RH = Richard Hamblin, JH = Jacqueline Hannam, SMc = Shay McGuiness, FPM = Paget Milsom, JM = Jacob Munro, 
SR = Sally Roberts, JS= Janie Sheridan, CW = Christine Walsh, CSW= Craig Webster, TW = Tim Willcox).  

Responsibility AM DG SJM CF IB RH JH SMc FPM JM SR JS CW CSW TW 

Study design X X X X X X X X X X X X X X X 

Protocol development X X X X X X X X X X X X X X X 

Obtaining ethics approval X X X    X     X  X  

Recruitment X X X  X   X X X     X 

Resolution of clinical 
problems 

X X X  X   X        

Results analysis X X X X X X X X X X X X X X X 

Write-up for publication 
and/or presentation 

X X X X X X X X X X X X X X X 
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necessary from each study centre and will be responsible for data collection at their study centre 

only. 

6.12.4 Site investigators 

Each study centre will have a nominated “site investigator” who will usually be an anaesthetist. 

Each site investigator must ensure that all staff conducting the study are qualified to do so, and 

that appropriate ethical and institutional approvals are in place prior to commencing the study. 

Each site investigator must ensure that all staff involved with the study are fully instructed on 

the study procedures and are given access to the study protocol and other information relating 

to the study. Each site investigator must ensure that the study is conducted in accordance with 

this protocol, ICH GCP notes for Guidance on Good Clinical Practice (CPMP/ICH/135/95) 

annotated with TGA comments and NH&MRC National Statement on Ethical Conduct in 

Research Involving Humans.  

6.12.5 Research co-ordinators 

A RC will be employed at each study centre and given the appropriate training to carry out the 

study methods by Derryn Gargiulo. It is each RC’s responsibility to ensure that written, 

informed consent is obtained from each participant  prior to starting the study, that information 

is provided to all the patients and that all patients understand their opportunity to opt-out (see 

section 6.9.3). Each RC must ensure that the data has been uploaded to the website (in a timely 

fashion) and that the data collection forms are complete and accurate on completion of the 

study. 

6.13 Administrative procedures 

6.13.1 Amendments to the protocol 

All modifications of the study will be documented with signed dated hard copies and filed as 

sequential versions of the protocol, maintaining original section identification and keeping 

copies of all versions. Such modification(s) will be made by AFM, DG and SJM with the 

approval of the co-investigators and the ethics committee (where applicable). 
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6.13.2 Extension or early termination of the study 

An independent group will be established to review blinded data after 5,000 cases have been 

followed up for 90 days. The overall rate of postoperative infection for all participants will be 

reviewed against that underpinning the power calculation. The assumption that the intra-class 

correlation within site blocks is approximately 0.0 will also be verified, and any requirement 

to adjust sample size determined. This analysis will be undertaken by a statistician blind to the 

two study groups. There are no plans to undertake an interim analysis of differences in 

outcomes or to terminate the study early. 

6.13.3 Drugs  

All drugs used during the study will be those needed for the purposes of routine provision of 

anaesthesia in the clinical setting - they would be used routinely in the management of the 

patients under the participant anaesthetists’ care. The provision of these and accountability for 

them will remain with the institutions and practitioners. 

6.13.4 Consumables storage and accountability  

All consumables that are extra to normal clinical practice will be purchased using research 

funds. We will arrange for each study centre to store the Zbugs equipment bags in a suitable, 

secure location in conjunction with the local hospital anaesthetic department. We will require 

local investigators to maintain inventory records of the bags. 

6.13.5 Plan for authorship of manuscripts 

The planned format for authorship of the principal manuscript arising from this study is:  

“Listed individuals, the Zbugs investigators, and the ANZCA Clinical Trials Network” 

DG is expected to lead the writing of this paper and to be its first author. SJM and AFM are 

expected to provide substantial input into the writing and editing the paper. SJM is expected to 

be the second author. AFM is expected to be the ‘senior’ author, listed last. Thus the “listed 

individuals” are expected to be: 

Gargiulo DA, Mitchell SJ, Author3, Author4, ,,,, Author x, Merry AF and the Zbugs Study 

Group. 
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The members of the steering committee and others who make substantive contributions will be 

authors 3 to x. These authors will be expected to contribute to revising the paper. Final 

decisions about authorship will be made by the steering committee and will reflect 

contributions to the study. 

We aim to publish our protocol in a peer-reviewed journal. During the period of the study we 

shall maintain a website with publicly available updates on the progress of the study. 

Participating anaesthetists will be offered feedback at the end of the study, which will include 

their individual results and overall (anonymised) results. We shall publicise the study through 

the newsletters and websites of the three organisations mentioned above (ANZCA, Royal 

Australasian College of Surgeons and HQSC) and at all participating hospitals. This will assist 

with the recruitment and management of the study, provide publicity about the problem of 

postoperative infection, and set the scene for rapid uptake of our findings.  

It is envisaged that the results of this study will be submitted for publication in a high-impact, 

peer-reviewed journal such as The Lancet or The British Medical Journal. We shall present 

them at appropriate conferences, including the Annual Scientific Meetings of ANZCA and 

Royal Australasian College of Surgeons (the ANZCA Clinical Trials Network oversees a 

plenary session at the College’s annual scientific meeting for recent results of the trials it 

endorses). We also plan to disseminate our findings to groups associated with the study, such 

as the six participating DHBs, and notably their Quality and Safety groups. We shall also 

disseminate the findings through presentations and written communications to the other DHBs 

in NZ and through the chairs of the DHB Chief Executive Officers group, Chief Medical 

Officers group, Board Chairs group and the Ministry of Health.  

6.13.6 Audits 

Audits are planned for this study by a suitably qualified researcher not directly involved in the 

study. Audits will include, but not be limited to, presence of required documents, the informed 

consent process, and the data gathering in the OT. The PI agrees to participate with audits 

conducted at a reasonable time in a reasonable manner. 
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6.14 Registry of documents 

Documents necessary for efficient and complete running of this study are given below. The list 

is not exhaustive.  

Document 
number 

Title Version 

ZDoc-1 Zbugs study protocol Draft 

ZDoc-2 Information sheet/recruitment notice for research board 
(cardiac) 

Draft 

ZDoc-3 Zbugs setup instructions (cardiac) FINAL 

ZDoc-4 Zbugs setup instructions (hip and knee) FINAL 

ZDoc-5 Participant invitation letter Draft 

ZDoc-6 Participant information sheet Draft 

ZDoc-7 Participant consent form Draft 

ZDoc-8 Patient information sheet  Draft 

ZDoc-9 Surgeons information letter (cardiac) Draft 
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6.15 Addenda 

The following addenda are supplementary to this protocol. 

 

Number Title4F

e Version 

6.1 Zbugs study day outline FINAL 

6.2 Study equipment FINAL 

6.3 SSII programme letter  

Note: this is for the original Zbugs study v1.7 141117 

19Nov14 

6.4 ANZCA Clinical Trials Network letter of endorsement  

Note: this is for the original Zbugs study v1.7 141117 

22Oct14 

6.5 Health and Disability Ethics Committee approval letter 

Note: this is for the original Zbugs study v1.7 141117 

21Jan15 

  

                                                 

e For those addendum that pertain to the original Zbugs study v1.7 141117, updated letters will be sought 
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Addendum 6.1: Zbugs study day outline 

At each study centre the research co-ordinator will; 

1. Determine which participant anaesthetists are scheduled to work from the daily roster 

and match them with patients eligible to participate in the study i.e. patients (elective 

or acute and >16 years of age) undergoing hip or knee arthroplasty, or cardiac surgery 

and who are scheduled for general anaesthesia with or without regional anaesthesia.  

2. Confirm with the participant that they are willing to conduct the study on this particular 

day. Make the post anaesthetic care unit staff or cardiac intensive care unit staff and 

perfusionist aware that the patient is in the Zbugs study and to use the FU according to 

the Zbugs protocol. 

3. Determine a time to and then consult with the patient regarding their participation in 

the study (ZDoc-8). This is preferably the day before or the day of their surgery. 

4. Record any deviations from the protocol e.g. patients unwilling to participate (and 

reasons why if possible), patients willing to participate in study but participants 

unwilling to conduct study on this particular patient or day (and reasons why if 

possible). 

5. Collect the Zbugs equipment bag from the study cupboard, take to the appropriate 

theatre and follow the instructions in the bag (ZDoc-3 or ZDoc-4). The participant or 

anaesthetic technician and/or perfusionist will assemble the Zbugs setup (Figure I). 
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Figure I: Proposed clinical set-up for the two-way extension line (i), filter unit (ii) and injection 

port (iii). 

6. Take a filter unit and injection port to ICU or post anaesthesia care unit when the patient 

is transferred there and ensure that it is assembled according to the protocol. 

7. Ensure that the Zbugs setup is NOT removed from the IV line at the end of the OT case 

but IS removed prior to the patient leaving the post anaesthesia care unit or cardiac ICU 

or 24 hours from start of operation (whichever is the shorter time).  

8. Upload data to Zbugs website. 

NOTES: 

 More than one case can be started and completed per study day.  

 More than one theatre can be started and completed per study day. 

 

iii 

ii 

i 
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Addendum 6.2: Study equipment.  

The equipment to be used for this study is described below and is purchased sterile.  

 

 

 

 

 

 

 

 

Name Description Manufacturer Unit cost 
($NZ) 

Filter unit 0.2μm, epidural, flat (Periflix™)  B. Braun 
Melsungen AG, 
Germany 

4.88 

Injection port With needle-free valve (SmartSite™)  Carefusion, 
Australia 

3.07 

Sodium 
chloride 0.9% 

3mL, prefilled syringe (Posiflush™)  Becton Dickinson, 
Australia 

0.41 

Y-connector 
IV set 

Two-way extension set with one 8cm 
(0.5mL volume) length and one 10cm 
(0.6mL volume) length with anti-
syphon valve and a back-check valve 

Carefusion, 
Australia 

8.50 
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Addendum 6.4: Health and Disability Ethics Committee approval letter.  
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Chapter 7: Concluding discussion  

In this final chapter, I summarise the main findings of the two completed studies (Chapters 4 

and 5) and explain how they contribute to current knowledge. I also discuss the protocol for a 

future study (Chapter 6) in which I will investigate whether there is a link between the findings 

from the two completed studies and the incidence of post-operative infection. Finally, I discuss 

the implications of my research for anaesthesia practice and consider directions for future 

research. 

Our anecdotal observations (Box 2.2) suggested that the aseptic techniques used by 

anaesthetists in the preparation and administration of IV drugs often fell short of the aseptic 

practises used by other professional groups, and we postulated that contamination of IV drugs 

may be occurring. Therefore, the overall aim of this research was to determine if at least some 

of the IV bolus drugs drawn up and injected by anaesthetists in the OT were contaminated by 

micro-organisms, thereby representing a previously unsuspected vector for postoperative 

infection. The sterility of the commercially manufactured drugs was not in question.  

As previously discussed, researchers have demonstrated that anaesthesia providers have a 

direct impact on the microbial cross-contamination of surfaces and devices, and have linked 

this contamination to postoperative infections. However, there have been no studies published 

that investigate the microbiological contamination of administered IV drugs, or the link of such 

contamination to postoperative infection.  

7.1 Main findings and contribution to knowledge 

Postoperative infections can be devastating for patients, and are costly for healthcare systems 

worldwide. Strategies such as antibiotic prophylaxis and preoperative health screening have 

reduced rates of infection, but there is still room for improvement.  

In the first of my studies presented in Chapter 4, I investigated whether micro-organisms were 

being injected into simulated patients in a simulated OT. I collected, in sterile collection bags, 

the IV drugs and fluids injected into simulated patients, and cultured samples of the injectate 

filtered through sterile filter membranes. In addition, I cultured the needles and the contents of 

syringes used to draw up or administer the drugs. Micro-organisms were isolated from five of 

38 (13%) bags obtained from five of 20 simulated cases, which were anaesthetised by four of 
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10 anaesthetists. In addition, I isolated micro-organisms from 10 of 197 (5%) syringes and six 

of 17 (35%) needles. The organisms included Gram positive and negative cocci, and Gram 

negative rods. Observations made during the simulated cases showed that most participants 

failed to follow established aseptic drug administration guidelines, for example, the ANZCA 

2015 guideline “PS28 Guidelines on Infection Control in Anaesthesia”.146 

In the second study presented in Chapter 5, I developed a method to capture micro-organisms 

from a 0.2μm filter unit. Then in the clinical OT, all IV bolus drugs except propofol and 

antibiotics were injected through a set-up which included a 0.2μm filter unit. In the laboratory, 

the unit was back-flushed to remove any micro-organisms: the back-flushed sample was 

subsequently filtered through a second, sterile 0.2μm membrane and the captured micro-

organisms cultured. The residual contents of syringes used to prepare and inject the IV drugs 

were also cultured. I isolated micro-organisms from filter units in 19 (6.3%) of 300 cases, 

including Staphylococcus capitis, Staphylococcus warneri, Staphylococcus epidermidis, 

Staphylococcus haemolyticus, Micrococcus luteus/lylae, Corynebacterium and Bacillus 

species. I grew micro-organisms from residual drug in 55 of 2318 (2.4%) syringes including 

all the above and also Kocuria kristinae, Staphylococcus aureus and Staphylococcus hominus. 

These two studies are the first to identify methods for the non-trivial task of capturing micro-

organisms injected into simulated patients (Chapter 4) or (before entering the circulation) into 

real patients (Chapter 5). The method used in the latter study was particularly challenging, and 

was described as ‘ingenious’ in the editorial which accompanied our publication.283 

Furthermore, the back-flushing method developed to remove the contamination from the filter 

units used in Chapter 5 is the first of its kind in this context. This approach could be used for 

future research in other healthcare domains, for example, in ICUs, where microbiological 

contamination of drugs or solutions is a problem. 

7.1.1 Syringe contents contamination 

The micro-organisms in the syringes collected from the OT in our clinical study were similar 

to those collected in previously reported studies including, Staphylococcus aureus, 

Staphylococcus epidermidis, and Corynebacterium, Micrococcus, and Kocuria species (Table 

2.6). 95, 105  
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Recently, Mahida et al236 collected 456 used syringes from 101 surgical cases and grew micro-

organisms from 4% (17/426) of the syringe contents, including Staphylococcus epidermidis, 

Micrococci, Kocuria and viridans Streptococci. The contents of the syringes that grew micro-

organisms in the Mahida et al study contained the following drugs: unlabeled [but presumed to 

be sodium chloride 0.9% flushes] (44%), ephedrine (12%), metaraminol (12%), midazolam 

(12%), ondansetron (12%), and fentanyl (6%). This rate of syringe contamination and the type 

of drugs contaminated are similar to the rates and types found in our clinical study (Chapter 

5).292 Our results therefore confirm those of these previous studies. In addition, in our study 

there was one case in which the same micro-organism was identified from the syringe contents 

and from the back-flush of the filter unit (Table 5.17; participant 1, case A). This increases the 

likelihood that the link between contaminated syringe contents and the injection of micro-

organisms is possible. It should be remembered that many of these syringes are kept for reuse 

as the case progresses, and that the numbers of syringes used in any hospital over, for example, 

a year is very large. The fact that only one of the syringes contained similar micro-organisms 

to those grown from the filter units suggests that the contamination isolated from the filter units 

was predominantly from sources other than syringe contents. In general, it represents failures 

in aseptic techniques when administering IV drugs through injection ports, but it may be that 

the primary site of microbial growth is the IV ports rather than the syringe contents. 

7.1.2. Filter unit contamination 

I could find no studies that used similar methods to those I developed to capture micro-

organisms before they were injected into patients. For my research, the use of the filter unit 

setup (Figure 5.5) depended on being able to retrieve micro-organisms from the sealed filters 

suitable for clinical use. The method of back-flushing micro-organisms from the filter unit I 

developed in my research is novel. Therefore, I cannot directly compare my results with 

previous literature. However, researchers have cultured micro-organisms from IV tubing 

removed after surgical cases,236 and the internal surface of open-lumen stopcocks (Table 

2.7).156, 158, 310, 311 The micro-organisms isolated in these studies were those associated with the 

environment or personnel, and included (along with others) micro-organisms similar to those 

isolated from filter units during the clinical study presented in Chapter 5, for example, 

Staphylococcus epidermidis and Micrococcus species.  
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7.1.3 Contamination leading to postoperative infection 

The contamination isolated from the filter units in the clinical study presented in Chapter 5 

could potentially have gone on to cause postoperative infection. Micro-organisms such as 

Staphylococcus aureus and the coagulase-negative Staphylococci species, (for example, 

Staphylococcus capitis, Staphylococcus warneri, Staphylococcus epidermidis, Staphylococcus 

haemolyticus, and Staphylococcus hominis) are known to cause post-operative infections 

especially in the presence of an implanted device.312 Additional micro-organisms isolated in 

the clinical study are also known to cause postoperative infection, although they do so rarely 

(see Table 7.26). It is interesting to note that Kocuria kristinae may become more important in 

the future as its propensity to cause infection in humans may be growing.313 

Surgery frequently involves the implantation of foreign structures such as joint prostheses, non-

absorbable sutures (including wires) or hardware. Surgical wound infection is believed to be 

caused primarily by direct inoculation, but other routes may also be important. Foreign material 

in the body provides a nidus for infection as a result of haematogenous spread of organisms, 

which may come from sites other than the primary surgical site.314, 315 It is entirely plausible, 

indeed likely, that injection of micro-organisms via the injection of IV anaesthesia drugs could 

result in postoperative wound infections, and also in pneumonia, septicaemia and other forms 

of infection.  

The body’s immune response is slowed and sometimes prolonged after major surgical events.23 

Surgery can also increase the body’s susceptibility to postoperative infection.316, 317 In addition, 

anaesthesia and the drugs used in anaesthesia, for example benzodiazepines, opioids and 

propofol, can reduce immunity.318 Additional factors that can contribute to this change in 

immune response include pre-operative immunosuppression caused by drugs, poor nutritional 

status, co-existing infection or multiple operations.316 Hence, decreasing patients’ perioperative 

microbiological burden is quite likely to contribute to a reduction in the rate of postoperative 

infections. However, this possibility has yet to be confirmed.  
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Table 7.26: Micro-organisms less likely to cause postoperative infection that were isolated 

from the clinical study in Chapter 5.292  

Additional micro-organisms 
isolated from clinical 
study292 

Type of postoperative infection Reference 

Bacillus sp. Blood stream infection 

Cardiac device infection 

Simon et al, 2008319  

Sandoe et al, 2015320 

Corynebacterium sp. CVL infection 

Blood stream infection 

Pacemaker infective endocarditis 

Oudiz et al, 2004321 

Simon et al, 2008319 

Cacoub et al, 1998322 

Kocuria kristinae Blood stream infection 

Catheter related bacteremia and 
endocarditis 

Simon et al, 2008319 

Lai et al, 2011323 

Micrococcus sp. CVL infection 

Pacemaker infective endocarditis 

Oudiz et al, 2004321 

Cacoub et al, 1998322 

 

Further research to establish the clinical impact of injecting micro-organisms would help 

inform the extent to which a change in practice is needed; experience with other aspects of safe 

drug administration (including the timely administration of prophylactic antibiotics),2 and with 

hand hygiene campaigns,80 demonstrate that it is difficult to achieve sustained and widespread 

changes in established working habits. It would be easier simply to incorporate a 0.2μm filter 

unit in each patient’s IV line and inject all bolus drugs through this physical barrier, thereby 

reducing substantially the load of injected micro-organisms. A filter unit that is incorporated 

into an IV line will capture injected micro-organisms from contaminated syringe contents or if 

the contamination is present in the IV port.  On the other hand there would be costs associated 

with this (or any other) intervention to reduce the rate of injection of micro-organisms by 

anaesthetists. Thus, evidence is needed that these organisms do matter clinically and that some 

form of non-behavioural intervention would be worthwhile. In Chapter 6, I presented a protocol 

for a study designed to evaluate the use of filters for this purpose. I plan to carry out this 

research in postdoctoral work, subject to gaining funding. There are substantial, potential health 

and economic benefits in preventing postoperative infection in high-risk procedures. Routinely 

injecting anaesthetic drugs through a microbiological filter unit costing approximately NZ$5 
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would be a simple and potentially cost-effective intervention – if postoperative infections were 

reduced by this intervention, much patient suffering and financial cost could be saved. 

7.2 Limitations and strengths 

Limitations and strengths of this research have been presented in the chapters reporting the 

individual studies (Chapters 4 and 5), and in the protocol chapter (Chapter 6, section 6.10). 

One additional limitation should be acknowledged when considering the clinical study in 

Chapter 5, as it was undertaken in adult patients at a single site only. Perhaps the study would 

have been more robust had we included multiple sites, or included additional patient 

populations, for example, children; however, this was not feasible given available resources. 

On the other hand, we have no reason to believe that this site was any different from hospitals 

in the rest of NZ in terms of infection.  

I have had experience working in a pharmacy aseptic unit where the procedures and operators 

therein are governed by international standards as outlined in section 2.4.2. I believe that a 

major strength of this research is the rigorous quality assurance procedures I employed while 

conducting the studies presented in Chapters 4 and 5. 

A second strength of this research is that a congruent, overall conclusion was reached in each 

of two studies, the first in a simulated environment and the second in clinical practice. Both 

environments have their own advantages and together give different insights: in the simulated 

environment I investigated the contamination of injected IV drugs without harm to patients and 

in the clinical environment I used a novel, filter unit set-up to extend the previous work. 

The research also provides a study protocol including a strategy (the filter unit set-up) to 

definitively answer the final research question ‘do injected micro-organisms make a clinically 

important contribution to postoperative infection’? This work allows us to find new evidence-

based mechanisms for infection prevention. I consider the human and financial costs below. 

7.3 Implications and recommendations for practice  

In this section I discuss the implications of my findings and make recommendations for 

practice. Previous research in the OT has shown that anaesthetists are a source of microbial 

contamination originating from anaesthetic machines and anaesthetists’ hands. In addition, 
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subsequent studies have linked postoperative infection to this microbiological contamination. 

Thus, improved aseptic techniques in the handling and administration of IV drugs should be 

promoted within the OT environment. As an example, a recent study investigated three 

different techniques used in the OT to manage syringes once they had been used to draw up 

drugs.109 The three techniques were: (1) syringes were closed with sterile caps, (2) syringes 

were not closed but placed in a syringe ‘set’, and (3) syringes were not closed but reinserted 

into the original sterile syringe packaging. Interestingly, the rate of contamination was greatest 

when the first technique (closing the syringes with a sterile cap) was used. The authors 

concluded that the syringe contents may have been contaminated by the anaesthetists 

inadvertently touching the cap and/or syringe hub while attaching the cap and that because of 

this, hand hygiene policies should be reassessed. This adds support to the idea that a filter may 

be the most effective way of preventing the inadvertent injection of micro-organisms along 

with drugs, whatever the vector of contamination. 

In New Zealand in 1999,42 there were 97 cases of SSI with an estimated cost of $32,000 each; 

in today’s monetary terms that equates to a total of $4.5M. If using filters in 1,000 patients (at 

a cost of under $6,000) saved even half a dozen infections this would save $96,000 – a return 

of $16 for every dollar invested. Targeting populations at high risk, for example, people with 

diabetes, or in whom the consequences of infection would be most serious, for example, 

cardiothoracic procedures, would increase the return on this investment. It should be 

remembered that the cost of a filter is very low in comparison with the overall cost of surgery 

and anaesthesia (which is often in the tens of thousands of dollars). 

It is sometimes suggested that the current rate of postoperative infections is low. In fact, the 

current rate in NZ is 1.2% (range = 0.6 – 2.3%)324 for orthopaedic surgery and 4.0% (range = 

3.0 – 5.2%) for cardiac surgery (unpublished data from SSII programme, used with 

permission). In my opinion these rates are not low if seen from the perspective of the number 

of harmed patients. Surely any opportunity to reduce or prevent patient harm should be 

encouraged. Previously, researchers have encountered doubt that low rates of infection could 

be reduced even further. In 2000, Pronovost and colleagues started a campaign to reduce central 

line-associated infections rates in the ICU from a median rate of 19 per 1,000 catheter days – 

a rate that many believed could not be further reduced. The campaign involved strategies 

including team culture, organisational issues and patient safety, which together resulted in a 

decrease in central-line infection rates to almost zero, a rate that has been sustained.325 This 
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work has expanded worldwide and has shifted clinicians’ beliefs to viewing infections as 

preventable rather than being inevitable. Hence, it is my view that current rates of infection, 

whatever their source, should not be seen as low enough to prevent research being conducted 

on additional, alternative strategies (such as the filter unit setup presented here) to reduce 

infection. 

7.3.1 Recommendations for practice 

The priority for anaesthetists is to keep patients anaesthetised, oxygenated and alive during 

surgery. The potential to inject microbiological contamination to their patients via IV bolus 

drugs may be an unknown hazard for some anaesthetists, Therefore, strategies could be 

developed for anaesthesia personnel to reduce contamination (see Table 7.27). Other 

healthcare areas such as ICUs have shown a decrease in rates of infection (for example, central 

line-associated infection,164 infection after liver transplantation,326 and SSI after cardiac, hip or 

knee surgery327), after the introduction of evidence-based strategies. Strategies that specifically 

target the IV drug preparation and administration within the OT may also modify postoperative 

infection rates. For example, a dedicated ‘clean’ area for IV drug preparation could be created 

where no surplus or ‘dirty’, used equipment is placed. Other strategies might include the use 

of self-disinfecting IV hubs for drug administration or the use of a drug ‘station’ that connects 

several in-use syringes to patient’s IV line. Removing items in the OT that could harbour 

micro-organisms, for example, wall-mounted, non-sterile glove containers, all non-essential 

equipment, and sticky drug labels, would decrease the overall microbiological burden in the 

OT. The employment of specific ‘drug preparation’ personnel in the OT to assist with IV drug 

preparation and administration would relieve anaesthetic personnel of this duty and enable 

them to focus on direct patient care.  
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Table 7.27: Possible strategies to prevent microbial contamination in the anaesthesia 
work area 

Key points Possible strategies  

Failure to comply with hand 
hygiene 

Hand hygiene at key points e.g. before drawing up 
drugs 

Handling of syinges and needles Single use, capping, reinforcement of procedure to 
draw up drugs, use of filter needles 

Handling of ampoules Alcohol wipe before breaking, discourage attaching 
syringe directly to plastic ampoules 

Handling of propofol Strict draw up, give and discard or use of infusion 

IV line access Discourage use of open ports, swab all IV ports before 
access, use of 0.2μm filter unit for IV bolus drugs 

 

7.4 Future research directions 

There are several directions for future research that follows from this work. 

1. The possible association between administering IV drugs through filter units and 

postoperative infection should be investigated as presented in Chapter 6. 

2. If such an association is found, health economic investigations could be conducted on the 

subsequent use of antibiotics in postoperative infection.  

3. An evaluation study of the bundle of strategies, as suggested in section 7.3.1, that 

specifically target the IV drug preparation and administration within the OT could be 

carried out. 

4. A study could be developed to compare the aseptic techniques of anaesthetic personnel 

and pharmacy-trained operators. The end-point in this study, which could be conducted in 

the simulated OT, would be the rates of contaminated injectate.  

5. A study to investigate the technical skills used in the preparation and administration of IV 

drugs and the effect that human factors, for example, sleep deprivation, have on the 

microbiological contamination could be carried out. 
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6. The spread of micro-organisms within the OT could be investigated at the DNA level to 

determine where micro-organisms from syringe contents or IV hubs originated and 

whether these micro-organisms are implicated in subsequent postoperative infection. 

Further studies could be conducted using special techniques such as human albumin 

microspheres328 or fluorescent stains,85 to identify micro-organisms and to follow their spread 

from the anaesthetic work area (including anaesthetists), syringe contents and IV hubs.  

The particulate contamination of IV drugs injected into patients in the OT could be 

investigated. Filter needles (which contain a 5μm filter membrane in the needle hub) are used 

routinely in pharmacy compounding to draw up drugs from ampoules to prevent any possible 

glass or plastic particles also being drawn up. If present, this particulate contamination could 

enter the bloodstream and cause inflammation or be the focus of infection.237 Currently there 

are no mandatory policies for the use of filter needles in the OT. 

7.5 Overall conclusion 

The aim of this research was to determine whether the IV bolus drugs drawn up and injected 

by anaesthetists in the OT were contaminated by micro-organisms, thereby representing a 

previously unsuspected vector for postoperative infection.  

My work has shown that micro-organisms are being injected into patients with their IV drugs 

during anaesthesia, despite modern best practice. My research also led to the development of a 

unique method to detect these micro-organisms in the clinical environment. Having established 

the injection of micro-organisms during anaesthesia as a potential new vector for infection, I 

proposed a non-behavioural strategy to reduce postoperative infection - the use of appropriate 

filter units through which to inject IV bolus drugs in the OT. I have also outlined an approach 

to investigating the value of this strategy to improve patient care. 
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Appendix I: Study protocol for Chapter 4  

Evaluating aseptic techniques in the administration of anaesthesia using a 
simulation-based model (Ebugs) 

Aseptic Techniques Protocol Version 1.1 

 

Principal Investigator:   Derryn Gargiulo, Department of Anaesthesiology,  

University of Auckland, Private Bag 92-019, Auckland. 

 

Co-Investigators:  Prof. Alan Merry 

   A/Prof. Janie Sheridan 

   Dr Craig Webster 

   Dr Simon Swift 

   Kaylene Henderson 

   Dr Jane Torrie 
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Abbreviations 

Auckland City Hospital (ACH) 

Validating Anaesthesia Simulation-Based Error Research (VASER) 

The Advanced Clinical Skills Centre (ACSC)  

Operating theatre (OT) 

School of Pharmacy (SoP) 

Faculty of Medicine and Health Sciences (FMHS) 

Tryptone soya broth (TSB) 

Blood agar (BA) 
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1.0 Background 

1.1 Title  

Evaluating aseptic techniques in the administration of anaesthesia using a simulation-based 

model (Ebugs). 

1.2 Study background 

Nosocomial infection is a major problem in every surgical service in the world and creates an 

enormous financial and human burden. The possible contribution of anaesthetists to this burden 

has not been well studied. Recent work has shown that simple initiatives to improve procedures 

used to insert central venous lines by anaesthetists reduced the median rate of catheter-related 

bloodstream infection from 2.7 infections at baseline to zero at 3 months [1]. It is highly 

plausible that other tasks carried out by anaesthetists could a) contribute to postoperative 

infection and b) be amenable to improvement through simple measures. Patients in the 

operating theatre (OT) receive their drugs almost exclusively through the parenteral route. 

There have been numerous studies of the microbiological and glass particulate contamination 

of parenteral medications but these come from areas other than the OT [2, 3]. The aseptic 

techniques of anaesthetists in the preparation and administering of injected drugs have not been 

fully investigated partly due to the difficulties of conducting this style of research in the clinical 

setting.  

1.3 The rationale for the study 

The Advanced Clinical Skills Centre (ACSC) at Mercy Hospital in Auckland utilises a 

computerised high-fidelity, human-patient simulator as a research and training tool. It involves 

a complete replica of a standard OT environment including a manikin designed with realistic 

‘human’ functions. All the normal anaesthetic equipment, drug trolley and monitors are 

available and so can be used to assess anaesthetic practice or equipment. 

The ‘VASER’ (Validating Anaesthesia Simulation-Based Error Research) study continues 

research carried out by an established research group (AM, CW and others) into addressing the 

problem of iatrogenic harm during anaesthesia. The group has also recently developed a 

simulation design evaluating safety innovations in anaesthesia using the human-patient 

simulator [4]. The primary goal in the ‘VASER’ study is to validate this simulation model using 

a study design used in a clinical trial funded by the Health Research Council of New Zealand. 
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The ‘VASER’ study is due to commence in May 2009. One of the main advantages of 

simulation based research is the opportunity to test multiple hypotheses using the same 

simulations, in a situation where fear of harming patients is removed. This provides a unique 

opportunity for investigation of aseptic techniques of anaesthetists and their potential to act as 

vectors for infection.  

The current proposal for this additional study will be conducted in conjunction with the 

‘VASER’ study. We will evaluate aseptic techniques used by anaesthetists when preparing and 

administering drugs to their ‘patients’, and assess their potential for introducing bacteria and 

particles to the patient during this process. 

1.4 Previous studies 

After an extensive literature search we could find no previous studies that examined the aseptic 

techniques of anaesthetists in a simulated environment. There are a number of studies 

investigating the techniques of anaesthetists but these are limited to hand hygiene [5, 6] or the 

use of masks [7] and are not specific to the manipulation of drugs. 

1.5 Conclusion 

Nosocomial infection remains a major problem in every surgical service in the world. Simple 

initiatives have been shown to improve rates of infection, but the rates are still too high. The 

potential of drug administration during anaesthesia to contribute to infection has not been 

assessed.  

Currently there are no national guidelines for the preparation and administration of parenteral 

drugs in the OT environment nor for the appropriate aseptic training of anaesthetists or 

anaesthetic technicians. Current clinical practice often involves actions that would be 

considered unacceptable in pharmacy compounding e.g. removing syringe caps from prefilled 

syringes and exposing the tip to the environment. This research will observe any 

inconsistencies present in current practices and may contribute towards developing such 

guidelines. It will also identify rates of patient exposure to microbiological and particulate 

contamination in the simulated environment, as a proxy for the clinical environment. 
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2.0 Objectives and hypothesis 
We propose to: 

evaluate the aseptic techniques of anaesthetists when preparing and administering parenteral 

medicines in comparison with known aseptic competencies. 

detect and quantify the microbiological contamination of the injection fluids. 

We will test the hypothesis that microbiological contamination of intravenous drugs 

administered during anaesthesia is relatively common (defined as occurring sufficiently often 

to be detected at least once in twenty cases). 

 

3.0 Study design 

3.1 Experimental design 

This is a sub-study of the VASER. For experimental design of the VASER study please refer 

to the VASER protocol. This sub-study is of observational design with laboratory elements.  

The study requires all syringes and vials used by the participants to be sterile or from 

conventional manufacturing processes. Thus a selection of prefilled syringes will be 

compounded from intravenous sodium chloride 0.9% in a sterile environment at the School of 

Pharmacy (SoP) (Document 1). The antibiotic cefazolin will be replaced by an inactive powder 

(sodium chloride) in a vial. Propofol will be compounded in prefilled syringes (Document 2). 

The usual monitoring will be carried out during compounding (Document 3).  

The intravenous lines used in the study will be aseptically connected to sterile empty 3litre 

collection bags prior to each scenario. To ensure the sterility 100ml of water for injection will 

be pushed into the collection bag, the contents removed by syringe and tested for sterility (see 

4.2.2). 

The collected fluids in the collection bags will be tested for contamination (section 3.3.3). All 

the used syringes and needles will be collected at the end of each scenario and tested for 

contamination (section 3.3.5). 
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3.2 Subjects 

The research will be carried out in conjunction with the ‘VASER’ study at the ACSC. The 

subjects will be twenty anaesthetists and twenty anaesthetic technicians who volunteer from 

Auckland City Hospital (ACH) to take part in the ‘VASER’ study.

3.2.1 Sample size estimate 

All participants of the ‘VASER’ study at ACH will be studied. This is estimated to be forty 

participants. 

3.2.2 Recruitment of subjects 

As per the VASER protocol 

3.2.3 Eligibility Criteria 

Entry criteria will be those cited for the ‘VASER’ study. There are no other entrance criteria 

for this sub-study 
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3.3 Study methods  

3.3.1 Timeline 

 
Dec 
08 

Jul 
09 

Dec 
09 

Jul 
10 

Dec 
10 

Jul 
11 

Dec 
11 

Literature search and review        

Pre-study laboratory 
procedures 4.2.1 and 4.3 

       

Funding allocated        

VASER study dates        

3.3.2 Collection bags testing        

3.3.3 Environmental testing        

3.3.4 Syringes and needles        

3.3.5 Observations        

        

Data analysis and preparation 
for publication(s) 

       

3.3.2 Sequence 

A document outlining a brief sequence of analysis for each study day can be found in 

Addendum A to this protocol. A description of the materials used in this study can be found in 

Addendum B to this protocol. 

3.3.3 Collection bags testing 

 At SoP in aseptic unit take (per two collection bags): 

 3x sterile filter unit, 9x sterile filter 0.45μm membranes, sterile tweezers 

 2x blood agar plates 

 3x TSA plates 

 9x 20ml syringes and 9x 22G needles 

 Webcol wipes 
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 Two (2) Propax wipes 

 Collection beaker 

Method: 

1. Shake collection bag thoroughly, wipe injection ports with Webcol wipes 

2. Remove 3x 20ml samples from the bag 

3. Filter through the membranes (one membrane for each 20ml sample) using a sterile filter 

unit 

4. Plate the three membranes onto a blood agar plate 

5. Repeat for second bag 

6. Plates will be incubated for 24hours at 37oC and examined for growth. Determine their type 

using basic microbiology techniques 

7. Take photographs  

3.3.4 Environmental monitoring 

In order to monitor any potential airborne environmental contamination in the simulated OR a 

blood agar plate will be placed on top of the medication trolley and opened prior to the start of 

each scenario i.e. two per study day. At the conclusion of the scenario the blood agar plate will 

be closed and transported to the SoP for incubation at 37oC for 48 hours. Any growth will be 

examined to identify the micro-organisms present (Document 4). The same technique will be 

used to monitor the environment of clinical settings in various OR’s at ACH as a comparison 

(Document 5). In order to capture comparable data some OR’s at ACH will be monitored on 

more than one occasion on the same day. 

The method used is an inexpensive one that is generally used to test the air quality in pharmacy 

aseptic units. The plates are called ‘settle plates’ as the microbes, which are attached to particles 

in the environment fall due to gravity and ‘settle’ onto the surface of the agar plate.  

The total number of plates will be same as the Ebugs study (approximately 40) and the 

procedure being conducted in the OT should mimic that of the Ebugs study in complexity if 

possible. 

It is proposed that the researcher be under the direct supervision of Professor Alan Merry (level 

4) or Dr Jane Torrie (level 8) at all times while in the OT at ACH. 
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3.3.5 Syringes and needles testing 

Syringes and needles used to prepare and administer drugs to the simulated patient during each 

scenario will be analysed in the physical containment lab at MMP, UoA. 

A. Syringes with capped needles still attached  

 Remove cap and needle, discard needle cap, keep syringe for further testing 

 Place needle into 20ml tryptone soya broth (TSB) 

 Incubate 24hrs at 37oC 

 Streak a loop of a sediment sample onto blood agar (BA) plate, incubate at 37oC for 

24hrs 

 Determine if microbes present and their type using basic microbiology techniques 

 Control will be using a sterile unsheathed needle 

B. Syringes with no residual drug volume 

 Remove transport closure and attach a sterile needle 

 Draw up maximum amount of TSB into syringe and cap 

 Incubate 24hrs at 37oC 

 Filter through a 0.45μm sterile filter membrane  

 Plate membrane onto BA plate, incubate at 37oC for 24hrs and examine for growth 

 Determine if microbes present and their type using basic microbiology techniques  

 Control will be a sterile unused 10ml syringe 

C. Syringes with residual drug volume 

 Remove transport closure 

 Draw up sterile WFI to the maximum syringe volume 

 Filter through a 0.45μm sterile filter membrane  

 Plate membrane onto BA plate, incubate at 37oC for 24hrs and examine for growth 

 Determine if microbes present and their type using basic microbiology techniques 

 Control will be 10ml water for injection 

3.3.6 Observations 

Aseptic technique will be observed for each simulated scenario, and assessed according to a 

checklist developed from existing aseptic recommendations from both Anaesthetic regulatory 
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bodies and pharmacy guidelines. Video and sound recordings will be made of each scenario 

and where necessary used to confirm details of the techniques observed on the day. 

 DG to be present in the observation room during each of the scenarios 

 Aseptic techniques observed and a competency check-list used (Document 6) 

4.0 Experimental control 

4.1 Randomisation 

Randomisation was not necessary for this sub-study. Randomisation for the VASER study can 

be found in the VASER study protocol. 

4.2 Quality assurance 

Quality assurance will be undertaken in two steps. An initial quality assurance phase will be 

conducted before the study begins, while a second will be during data collection. All 

procedures that are undertaken in the aseptic unit at SoP will also be monitored using settle 

plates and glove prints as outlined in various guidelines (Document 3). [8, 9]  

4.2.1 Prepared prefilled syringes and vials (before the study) 

A selection of the inactive prefilled syringes and inactive vials will be tested for sterility using 

methods modified from approved sources (Documents 7, 8 & 9). [10]  

4.2.2 Collection bags (during study) 

To ensure that the lines and collection bags are sterile before the start of each scenario they will 

be flushed with 100ml water for injection and 60ml aseptically removed by syringe and capped. 

This volume will be tested for sterility in the same manner as the injectate from the collection 

bags at the end of each scenario (as in 3.3.3 above). 

4.3 Limits of detection 

Tests will be carried out to determine the lowest level of contamination detectable with the 

available analytical methods (Document 10).  

5.0 Data management procedures 

5.1 Review and confirmation of video footage 
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Videos will be used for confirmation of observed practices during simulated cases. These will 

be available for viewing only at ACSC. 

5.2 Data storage and verification 

All VASER data (including video footage) will be stored as per the VASER protocol and ethics 

approval. 

All raw data will be recorded on study documents as listed under the documents registry. 

6.0 Statistical considerations 

6.1 Sample size and power 

This study will be a sample of convenience based on the VASER study. Data will be collected 

from all participants (if possible) to maximize the sample size. 

6.2 Statistical methods 

Microbial results will be quantified as the number and type of micro-organisms per collection 

bag, per colony forming unit/plate/hour (environment) and per syringe or needle. 

6.3 Missing data 

As all data points will be collected and analysed by DG, we anticipate a full data set for each 

of the study days on which she is present. In the event that some data points are missed for a 

given scenario, this will be noted and the remainder included in the analysis.  

7.0 Personnel responsibilities 

7.1 Investigators 

Study investigators are responsible for: study design and data integrity; data collection; study 

procedures; study analysis and write-up.  
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8.0 Administrative procedures 

8.1 Amendments to the protocol 

Any amendments to the protocol will be discussed and agreed upon by investigators, and listed 

under a new protocol version. Where applicable these will be sent to the Ethics Committee for 

approval. 

8.2 Drug accountability 

DG, KH and JH will be responsible for compounding, transporting and reconciliation of study 

drugs  

8.3 Drug packaging and labeling 

DG, KH and JH will be responsible for packaging and labeling of study drugs.  

8.4 Storage of study drugs 

Study drugs will be refrigerated where necessary. The remainder will be kept in a cool, dark 

storage box in the ACSC. DG, KH and JH will be responsible for storage of study drugs.  

8.5 Confidentiality/publication of study results 

All data pertaining to participants will be confidential and de-identified, as per ethics approval 

guidelines for the VASER study. Any publications resulting from this work will not include 

identifying data (for either participants or hospital). 

8.6 Retention of records 

Data will be stored in a locked cupboard in the Department of Anaesthesiology, as per ethics 

approval guidelines. Electronic data will be kept on a secure server within the Department.  

8.7 Audits 

No audits are planned for this study. 

9.0 Ethics procedures 

9.1 Participant information sheet and consent form 

As for the VASER study.  
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9.2 Ethics committee 

Ethics approval for this study will be sought from the regional ethics committee as a sub-study 

of the larger VASER study. 

9.3 Trial registration 

As this study is listed as a sub-study of the larger VASER study, registration is not required. 

The VASER study will be registered on the Australian New Zealand Clinical Trials Registry.  

10.0 Registry of documents 
Document 1: Compounding prefilled syringes worksheet 

Document 2: Compounding prefilled propofol syringes worksheet 

Document 3: Quality assurance worksheet 

Document 4: Environment monitoring worksheet (ASCS) 

Document 5: Environment monitoring worksheet (ACH) 

Document 6: Aseptic techniques observations [worksheet] 

Document 7: Compounded prefilled syringes sterility testing worksheet 

Document 8: Compounded vials sterility testing worksheet 

Document 9: Compounding prefilled propofol syringes sterility testing worksheet 

Document 10: Limits of detection testing series 

11.0 Reporting dates 
An annual report will be sent to the New Zealand Pharmacy Education and Research Fund. 

The results of this study will be reported as part of an annual PhD report 

Plan for Authorship of Manuscripts 

DG will be first author of any publications resulting from this work, as the principal 

investigator. 
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Ebugs Addendum A: Study day protocol  
1. At ACSC for each VASER scenario 
a. Physical 

 Sterile collection bag (3litre) to be attached to sterile line. 

 Bag and line to be changed before each VASER scenario 

 Flush each line with 100ml sterile water for injection, aseptically remove ~60ml 

from each collection bag with a 60ml syringe and cap. Carry out sterility tests on 

this volume. 

b. Environmental monitoring 

 One blood agar plate will be opened during the VASER scenarios.  Placement will 

be on top of the box of labels (on the medication trolley). 

 Plates will be incubated at 37oC for 24hours and examined for growth 

c. Syringes and needles 

 All used syringes will be collected – empty or with fluid still present 

 Do not collect vials or loose needles  

 For ease of transport and identification the syringes will be closed as follows 

 Syringes with needles and caps attached will not be disturbed 

 Syringes with needles attached but no needle cap will have a sterile unused 

needle cap attached 

 Syringes with no syringe cap will have a white syringe cap attached.  

 If there are syringes with syringe caps or needles still attached these will be 

annotated or labeled by the researchers (marked = anaesthetist, unmarked = 

researcher). 

 All syringes will be placed into a labeled plastic bag (one per scenario) and kept in 

the fridge at ACSC overnight 

d. Observational 

 Researcher to be present in the observation room 

 Aseptic techniques observed and a competency check-list used 
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e. Filming 

 Filmed sequences will be taken of the medication trolley (compounding area) and 

the administration area 

 These will be used to corroborate the direct observations seen in (1d) above 

 

2. At the School of Pharmacy, FMHS 
a. Sterility testing of injectate 

 Conducted in the sterile unit at SoP 

 Three 20ml samples from each collection bag will be filtered aseptically through a 

sterile 0.45micron filter membrane and plated on blood agar  

 Plates will be incubated for 24hours at 37oC and examined for growth, photographs 

taken 
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Ebugs Addendum B: Materials used in this study 
 

Materials used for the identification of micro-organisms in this study are described in Table 1. 

 

 

 

  



 

 

Appendix I 
Table 1: Materials used in this study 
 

Name Description Manufacturer/source 

Antiseptic surgical scrub  7.5% povidone iodine, 500mL Onelink, Auckland, NZ 

Ethanol* 70% 0.2μm filtered, 500mL Biomed Ltd, Auckland, NZ 

Filter membrane# 0.45μm, 25mm, hydrophilic polyethersulfone Pall Corporation, Washington, US 

Filter membrane unit# Easy pressure syringe filter-holder, 25mm  Pall Corporation, Washington, US 

Impervious gown* White, elasticated hood, waist, wrists and ankles, single use  Fabricell, Auckland, NZ 

Needles* 18 G Becton Dickinson, Auckland. NZ 

IV nutrition bag* 3 litre, empty B. Braun Melsungen AG, Germany 

Over boots Blue, single use Fine Touch Disposables, Christchurch, NZ 

Propofol* 1% w/v injection, 50 mL vial (Fresofol™) Onelink, Auckland, NZ 

Skin cleaning wipes* 70% isopropyl alcohol impregnated wipe Onelink, Auckland, NZ 

Sodium chloride  Powder P.S.M., Auckland, NZ 

Sodium chloride* 0.9% 10mL, plastic ampoules Demo S.A., Athens, Greece 

Sodium chloride* 0.9% 500mL, IV bag Baxter, Auckland, NZ 

Staphylococcus aureus Strain number: 6838 American Type Culture Collection (ATCC) 

Sterilization pouch#  135mmx290mm, self-sealing, autoclavable (Uni-pak™) Onelink, Auckland, NZ 
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Surface disinfecting wipes  70% isopropyl alcohol impregnated wipe Onelink, Auckland, NZ 

Surgical gloves* Latex, powder free size 7.0 (Nutex™) Onelink, Auckland, NZ 

Syringes* 5mL, 10mL, 20mL, 50mL, leur lock, single use Becton Dickinson, Auckland, NZ 

Syringe caps* Male/female plug, single use Onelink, Auckland, NZ 

Tryptic soy agar (TSA)* Solid medium, 90mm plate Fort Richard Labs, Auckland, NZ 

Tryptic soy broth*  Liquid medium, 23mL vial with injection cap Fort Richard Labs, Auckland, NZ 

Vial bungs# Rubber, grey Alltech, Auckland, NZ 

Vial caps# Aluminium, grey Alltech, Auckland, NZ 

Vials# 10mL, empty glass Alltech, Auckland, NZ 

Water for Injection* 10mL plastic ampoules Demo S.A., Athens, Greece 

*= purchased sterile; #=purchased non-sterile and autoclaved in-house at 121oC for 20 minutes. 
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Materials used for the identification of micro-organisms in this study are described in Table 2. 

 

Table 2: Materials used for the identification of micro-organisms in this study. 

Name Description Manufacturer /source 

Ethyl alcohol 70% denatured Merck, Auckland, NZ 

Blood agar TSA plus 5% horse or sheep 
blood, 90mm plate 

Fort Richard Labs, Auckland, NZ 

Crystal violet Solution (Difco™) Fort Richard Labs, Auckland, NZ 

Gram’s iodine Solution Sigma-Aldrich, Sydney, Australia 

Hydrogen 
peroxide 

Solution P.S.M., Auckland, NZ 

Oxidase test BBLTM DrySlideTM Oxidase  Becton Dickinson, Auckland, NZ 

Gram’s safranin Solution Sigma-Aldrich, Sydney, Australia 
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Document 1: Compounding prefilled syringes worksheet 

FOR RESEARCH PURPOSES ONLY 
 

 
 

SCHOOL OF PHARMACY 
ASEPTIC COMPOUNDED PRODUCTS WORKSHEET 

 
 
 
 

INGREDIENT(S) 
 

Quant Source BATCH EXP First 
Check 

Measd 
by 

Check 
by 

Water for 
Injection 250ml 

 Braun      
 

1. Expiry 
(three 
months) 

 2. Storage 
 

Room 
temperature 

3. No of 
labels 

 

4. Total number of units  
5. Number of units for each syringe size 
2ml in 3ml 
(5) 

5ml (18) 10ml (12) 20ml (3) 20ml in 
30ml (3) 

50ml (3) 

 

EQUIPMENT REQUIRED: Syringe(s) of the 
appropriate size(s), 4xfilter needles, 22G needle(s), 50x 
syringe caps, alcohol wipes. 
METHOD: See also SOP’s 409A, 409B, 409C or 409D. 
1. Draw up ingredient using a filter needle and syringe. 
2. De-aerate and attach a syringe cap. 
3. Repeat for all the syringes. Put into plastic bag and 

label outer plastic bag. 
4. Deliver to ACSC, Mercy Hospital 

SAMPLE LABEL: 
 
 
 
 
 
 

 FINAL RELEASE: (initial) 
Ingredients checked  Labels checked  

Final appearance Clear solution Yield and quantity packed  

Approval for use by: (signature) Date: 
 

Prepared by: 

Derryn Gargiulo 
Original Issue date:  

April 2009 

This issue date: 

April 2009 
Current until: 

April 2010 

 

PRODUCT NAME: Pre-filled Syringes    Date: 

Master copy 

if RED 
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Proposed compounding dates 

 
Compounding 
dates 

To cover Syringes and vials to 
be compounded 

Number of 
operators needed 

April 8th April 14th 50 syringes/2 vials 1 
May 6th  May 8th, 11th, 12th, 13th 200 syringes/8 vials 2 
June 3rd June 5th, 9th, 15th, 23rd 200 syringes/8 vials 2 
July 3rd July 6th, 7th, 10th 150 syringes/6 vials 1 
July 31st 
Friday 

August 3rd, 4th 100 syringes/4 vials 1 

Sept 25th 
Friday 

Sept 28th, 29th, Oct 2nd, 
13th 

200 syringes/8 vials 2 

Nov 27th 
Friday 

Nov 30th, Dec 8th, 18th 150 syringes/6 vials 1 

Syringe volumes and sizes for each VASER day 

 

Drug to mimic Syringe volume Syringe size Quantity 

fentanyl 2ml 3ml 5 

atracurium 5ml 5ml 5 

lignocaine 1% 5ml 5ml 5 

midazolam 5ml 5ml 3 

ephedrine 5ml 5ml 5 

morphine 10ml 10ml 2 

calcium 10ml 10ml 5 
cefoxitin or 
cephazolin 10ml 10ml 5 

metaraminol 20ml 20ml 3 

metaraminol 20ml 30ml 3 

propofol 20 ml 30ml 3 

dopamine 50 ml 50ml 3 

TOTALS   47 550ml 
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Document 2: Compounding prefilled propofol syringes worksheet 

FOR RESEARCH PURPOSES ONLY 
 

 
 

SCHOOL OF PHARMACY 
ASEPTIC COMPOUNDED PRODUCTS WORKSHEET 

 
 
 
 

INGREDIENT Quant Source BATCH EXP First 
Check 

Measd 
by 

Check 
by 

propofol 
20ml vial 

       

 
1. Expiry 
(one month) 

 2. Storage 
 

Room 
temperature 

3. No of 
labels 

 

4. Number 
of units 

 5. Unit size 
(ml) 

20ml in 30ml syringe 

 
EQUIPMENT REQUIRED: 30ml syringe(s), 
22G needle(s), syringe cap(s), alcohol wipes, 
syringe pouch(es). 
METHOD: See also SOP’s 409A, 409B, 409C or 
409D. 
1. Draw up ingredient using a 22G needle and 

syringe. 
2. De-aerate and attach a syringe cap. 
3. Repeat for all the syringes. Put into syringe 

pouch and label. 
4. Deliver to ACSC, Mercy Hospital 

SAMPLE LABEL: 
 
 
 
 
 
 

FINAL RELEASE: (initial) 
Ingredients checked  Labels checked  

Final appearance Cloudy emulsion Yield and quantity packed  

Approval for use by: (signature) Date: 

 
Prepared by: 

Derryn Gargiulo 
Original Issue date:  

April 2009 

This issue date: 

April 2009 
Current until: 

April 2010 

 

PRODUCT NAME: Pre-filled propofol syringes  Date: 

Master copy 

if RED 



 

 

Document 3: Quality assurance worksheet

C/D= clean or dirty; O/N= operational or non-operational; Pos=positive; neg=negative;  

Plate 
no: 

Date Time Area 
sampled 

C/D O/N Agar 
batch 

Agar 
expiry 

Result 

Date: 

Sign Comment 

1           

2           

3           

4           

5           

Control 
pos 

          

Control 
neg 
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Document 4: Environmental monitoring worksheet (ACSC) 

 

 

 

 

 

 

 

 

 

 

 

 

NB: Incubate at 21oC 

Date plates discarded:______________________  

 
 

 

 

Plate no: 
Area 

sampled 
Agar 
batch: 

Agar 
expiry: 

Result 

@2 days 
Date: Sign 

Result 

@ 5 days 
Date: Sign 

Result 

@ 7 days 
Date: Sign 

No. of 
people in 

OR 

1  L(abels)                

                 

2  L(abels)                

                  

Control 
pos         

 
    

   

Control 
neg         

 
    

   

Date of testing Time of testing A Time of testing B 

 Open:                      Closed: Open:                  Closed: 

Scenario time Start:                     Stop: Start:                 Stop: 
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Document 5: Environmental monitoring worksheet (ACH) 
 

Date of testing Blood Agar batch Expiry date 

   
 
Plate 
no: 

 

Area 
sampled 
 

Type of operation 
 

Plate 
opened 
at 

Time out 
occurred 
at 

Plate 
closed at Total time plate 

opened (mins) 

Max. number 
of people in 
OR 

Result(cfu) 
Date: 
 

Photo 
taken 
(Y/N) 

Sign 

1         
 

    
   

2         
 

    
   

3         
 

    
   

4         
 

    
   

NB: Incubate at 37oC for 48hrs        Date plates discarded: ______________________ 
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Document 6: Aseptic techniques observations 
A. Preparation (tick if event observed) 

 Anaes Tech COMMENTS 

Area is uncluttered    

Area is cleaned    

A benchcote is used    

Trolley is wiped    

Tray is used    

Tray is wiped    

    

Expiry dates are checked    

Packaging is checked for damage    

    

Hands washed with disinfectant    

Hands wiped with Sterigel only    

Sterile gloves used    

Non-sterile gloves used    

Non-sterile gloves wiped with Sterigel    

    

Masks used (if infectious)    

Open wounds covered    

Jewelry removed    

Check medicine has not been given already    

    

 

VASER case number: 

Page 1 of 3 



Appendix I 

Page | 177  

B. Assembly technique (tick if event observed) 

 Anaes Tech COMMENTS 

Double check drug with a second person    

    

Wrappers of needles & syringes pealed not 
broken 

   

Clean ampoule break with alcohol wipe    

Allow to dry (30sec)    

Clean vial closure with alcohol wipe    

Allow to dry (30sec)    

Change needles from drawing up to 
administration 

   

    

No-touch technique used    

No aerosol effect with vials    

Keep needle in vial while reconstituting    

Label all syringes    

Needles left in vials when not using vial    

    

IV bags additive ports wiped    

Check IV bag for cracks, punctures, leaks    

Check infusion fluid is clear & free from 
particles 

   

Thorough mixing of IV bags after additions    

IV bag labeled    

    

Reusing disposable equipment     

Syringe left with no needle or cap (open)    

Needle left with no cap    

Interruption to assembly process    

    

Page 2 of 3 
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C. Administration (tick if event observed) 

 Anaes Tech COMMENTS 

No-touch technique used    

    

(IV bags) additive ports wiped    

Check IV bag for cracks, punctures, leaks    

Check infusion fluid is clear & free from 
particles 

   

Thorough mixing of IV bags after additions    

IV bag labeled    

    

Check label on syringe with second person OR    

Uses ‘Safersleep’ system    

Check drug not already given    

Time interval between assembly and admin 
short 

   

    

Change contaminated gloves    

    

    

    

 

 

 
  

Page 3 of 3 
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Document 7: Compounded prefilled syringes sterility testing worksheet 

FOR RESEARCH PURPOSES ONLY 
 

 
 

SCHOOL OF PHARMACY 
COMPOUNDED PREFILLED SYRINGES STERILITY TESTING WORKSHEET 

 

 

INGREDIENT(S) QUANT Source BATCH EXP Check by 

Compounded sterile 
water for injection 
syringes 10ml 

X2 UoA    

Empty sterile vial X2     

Sterile TSB broth vial 
20ml 

X1     

 

EQUIPMENT REQUIRED: 2x10ml syringes, 1x20ml syringe, 3x22G needle(s), alcohol 
wipes. 

METHOD: See also SOP’s 409A, 409B, 409C or 409D. 

1. Take TWO random 10ml syringes from compounded sample. Remove syringe cap and attach 
a needle. 

2. Add contents of one 10ml syringe to an empty sterile vial, repeat for second syringe. 

3. Remove 20ml TSB broth from vial. Add 10ml to each of the 10ml sample vials. 

4. Incubate vials at 37oC. Check at 24hours and 72 hours. 

 RESULTS: [+ for turbidity; / if clear] 

TIME & date: 24hrs date: 72 hrs date: Pass or Fail 

Vial (A)    

Vial (B)    

ACTION TAKEN: 
QC Pharmacist:  Date: 

 

Prepared by: 

Derryn Gargiulo 
Original Issue date:  
June 2009 

This issue date: 

June 2009 
Current until: 

June 2010 

 
  

OPERATORS NAME:       Date: 

Master copy 

if RED 
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Document 8: Compounded vials sterility testing worksheet 

FOR RESEARCH PURPOSES ONLY 
 

SCHOOL OF PHARMACY 

COMPOUNDED VIALS STERILITY TESTING WORKSHEET 
 
 

INGREDIENT(S) QUANT Source BATCH EXP Check by 

Compounded and autoclaved 
sodium chloride 1g vials  

X2 UoA    

Water for injection 10ml X2     

Empty sterile vial X2     

Sterile TSB broth vial 20ml X2     

Blood agar plates X2     

RESULTS: [+ for turbidity; / if clear for vials or cfu count for plates] 
TIME & date: 24hrs date: 72 hrs date: Pass or Fail 

Vial (A)    

Plate (a)    

Vial (B)    

Plate (b)    

ACTION TAKEN: QC Pharmacist: Date: 
 

EQUIPMENT REQUIRED: 2x10ml syringes, 2x20ml syringes, 6x22G needle(s), 
alcohol wipes, 2xspreaders. 

METHOD: See also SOP’s 409A, 409B, 409C or 409D. 

1. Take TWO random vials from compounded and autoclaved vials. 

2. Reconstitute with 10ml water for injection. Remove 2ml of solution.  

3. Add 1ml to a blood agar plate and use spreader to disperse. 

4. Add 1ml of the solution to an empty sterile vial. Add 19ml TSA broth to the vial. 

5. Repeat for second compounded vial. 
6. Incubate both vial and plate at 37oC. Check at 24hours and 72 hours. 

Prepared by: 

Derryn Gargiulo 

Original Issue date:  

June 2009 

This issue date: 

June 2009 

Current until: 

June 2010 

OPERATORS NAME:        Date: 

Master copy 

if RED 



Appendix I 

Page | 181  

Document 9: Compounded propofol prefilled syringes sterility testing 
worksheet  

FOR RESEARCH PURPOSES ONLY 
 

 
SCHOOL OF PHARMACY 

COMPOUNDED PREFILLED PROPOFOL SYRINGES STERILITY 
TESTING WORKSHEET 

 

 

 

INGREDIENT(S) 
 

QUANT Source BATCH EXP Check by 

Compounded propofol 
syringes 20ml 

X2 UoA    

Blood agar plates X2     
 

EQUIPMENT REQUIRED: 2x spreaders. 

METHOD: See also SOP’s 409A, 409B, 409C or 409D. 

1. Take TWO random propofol syringes. Remove syringe caps. 

2. Pour 1ml from each syringe onto a blood agar plate and spread. Reattach syringe caps. 

3. Incubate plates at 37oC. Check at 24hours and 72 hours. 

RESULTS: [+ for turbidity; / if clear] 

TIME & date: 24hrs date: 72 hrs date: Pass or Fail 

Plate (A)    
Plate (B)    

 

ACTION TAKEN: 
QC Pharmacist:    Date: 
 

Prepared by: 

Derryn Gargiulo 
Original Issue date:  

June 2009 

This issue date: 

June 2009 
Current until: 

June 2010 

 
  

OPERATORS NAME:        Date: 

Master copy 

if RED 
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Document 10: Limits of detection testing series 

Method (Day one): 

1. Pick one cfu from plate (S.aureus strain 6838) and suspend in 10ml TSB in a 50ml 
sterile tube. Repeat for second tube  

2. [2x 10ml syringes, 2x 18G needles]. 

3. Incubate with shaking at least 19hrs at 37oC (1400hrs until 0900hrs) 

Method (Day two): 

1. Spin the two tubes in large centrifuge (4000rpm, 10mins at 20oC, use 4 buckets for 
balance). 

2. Pour off supernatant and re-suspend using 10ml N.Saline [1x20ml syringe, 1x18G 
needle, 2x10ml N.Saline]. 

3. Check the optical density of the stock solution 

a. Use N.Saline as a blank at 600nm 

b. Vortex and remove 0.9ml using a pipette 

c. Use the stock solution that reads closest to 1.650 (see graph) 

4. Dilute stock solution 1ml with 7ml N.S. Read O.D. Should read close to 0.4 from 
graph (range 0.35- 0.55) = 1x108 cells/ml [1x10ml N.Saline] 

5. Carry out dilution series as follows [yellow capped 5ml tubes, vortex each addition] 
[2x10ml N.Saline] 

 

Number Dilution Strength Expected number 
of cells per plate 

Plating * 

1 Stock 1x 108   

2 0.2ml stock + 1.8ml N.S 1x 107   

3 0.2ml stock + 1.8ml N.S 1x 106   

4 0.2ml stock + 1.8ml N.S 1x 105   

5 0.2ml stock + 1.8ml N.S 1x 104 10,000 100ul (A) 

6 0.2ml stock + 1.8ml N.S 1x 103 1,000 100ul (B) 

7 0.2ml stock + 1.8ml N.S 1x 102 100 100ul (C) 

8 0.2ml stock + 1.8ml N.S 1x 10 10 100ul (D) ** 

* do triplicate enumeration plates [12x BA plates, 12x spreaders]        ** (E) is blank 

6. Inoculate 500ml IV Sodium chloride 0.9% bag with known amounts of Staph. aureus 
cells (A, B, C, D) (E) is blank.  

a. Take 1ml sample and 2ml N.S. in a 3ml (or 5ml) syringe. 

b. Add to IV bag in PC2 cabinet. 

c. Leave for 2 hours in 28oC incubator.  
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d. [5x3ml syringes, 5x 21G needles, 1x10ml N.Saline, webcol wipes, sterile 
gloves, blue gown, hat] 

7. Remove 3x20ml samples from each bag 

a.  filter each sample through a sterile 0.45um membrane 

b.  plate onto blood agar,  

c.  Incubate at 37oC and determine growth at least 20hrs. 

d.  [5x BA plates, 15x membranes, 5x filter units, 5x 20ml syringes, 15x 
18G needles, webcol wipes, sterile gloves] 

8. Remove 1x60ml sample from each bag 

a.  filter each sample through a sterile 0.45um membrane 

b.  plate onto blood agar,  

c.  incubate at 37oC and determine growth at 24hrs 

d.  [2x BA plates, 5x membranes, 5x 50ml syringes, 5x 18g needles, 
webcol wipes, sterile gloves] 

9. Repeat a further 3 times at a later date. 

10. Repeat with propofol bags at a suitable dilution to represent research collection 
series.  

a. Inoculate each 500ml IV bag with 45ml of 20mg/ml propofol (or 9ml of 
10mg/ml). 

b. (Equivalent to 180mg in 100ml) 
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Principal Investigator: 

Derryn Gargiulo, PhD Student, Department of Anaesthesiology,  

University of Auckland, Private Bag 92-019, Auckland 

 

Co-Investigators: 

Janie Sheridan, Associate Professor* 

Craig S Webster, Senior Research Fellow* 

Simon Swift, Senior Lecturer 

Alan F Merry, Professor* 

 

*Supervisor of PI’s PhD 
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ABBREVIATIONS  
PI   Principal Investigator 

OT   operating theatre  

ACH   Auckland City Hospital 

FU   filter unit 

UoA   The University of Auckland 

MMP   Molecular, Medicine and Pathology 

IV   intravenous 

S. epidermidis  Staphylococcus epidermidis 

E. coli   Escherichia coli 

S. pyogenes  Streptococcus pyogenes 

C. albicans  Candida albicans 

BA   Blood agar 

CFU   colony forming unit 

TSB   tryptic soy broth 
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1.0 Background 

1.1 Title  

The microbiological validation of a method used to investigate contamination of drugs 

administered for anaesthesia in the operating theatre (Vbugs). 

1.2 Study Background 

Healthcare-associated infections are a major problem in every surgical service in the world and 

create an enormous financial and human burden. The possible contribution of anaesthetists to 

this burden has not been well studied. Recent work has shown that simple initiatives to improve 

procedures used to insert central venous lines by anaesthetists reduced the median rate of 

catheter-related bloodstream infection per 1000 catheter-days from 2.7 infections at baseline 

to zero at 3 months (Pronovost et al 2006). It is plausible that other tasks carried out by 

anaesthetists could a) contribute to postoperative infection and b) be amenable to improvement 

through simple measures. Patients in the operating theatre (OT) receive many drugs through 

the parenteral route. There have been numerous studies of the microbiological contamination 

of parenteral medications but these come from areas other than the OT. The aseptic techniques 

of anaesthetists in the preparation and administering of injected drugs have not been 

extensively investigated partly due to the difficulties of conducting this research in the clinical 

setting. A previous study by our group confirmed that microbiological contamination occurs in 

some patients at least in the simulated setting (Gargiulo et al 2012).  

Currently there are few guidelines neither specifically for the preparation and administration 

of parenteral drugs in the OT nor for the appropriate training of anaesthetists or anaesthetic 

technicians in the associated aseptic techniques. The guidelines we have found are not very 

comprehensive (American Society of Anesthesiologists 1999, Association of Anaesthetists of 

Great and Ireland 2008, Australian and New Zealand College of Anaesthetists (ANZCA)). Our 

previous research suggests that current clinical practice may involve actions that would be 

considered unacceptable in pharmacy compounding (e.g. removing syringe caps from prefilled 

syringes and exposing the tip to the environment)(Gargiulo et al 2012) .  

To confirm our findings (Gargiulo et al 2012) in the clinical setting, a method of capturing and 

identifying potential microbiological contamination without harm to patients or substantive 

change to current drug administration practice is necessary. This does not seem to have been 
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investigated before and presents some technical challenges. Incorporation of a filter unit (FU) 

(BBraun, Australia) (see Figure 1) into the intravenous (IV) administration line would capture 

all micro-organisms greater than or equal to 0.2μm in size i.e. bacterial and fungal cells and 

spores. This FU is in clinical use in New Zealand hospitals in the administration of epidural 

drugs and is constructed of a combination of acrylonitrile-butadiene-styrene, polyamide 6.6, 

and polyethylene.  

 

Figure 1: The commercial 0.2μm filter unit (BBraun, Australia) 

1.3 Study intervention 

This laboratory-based study will develop a method of capturing and enumerating different 

concentrations of micro-organisms loaded onto a series of FU. 

1.4 Rationale for the study 

This study follows on from previous research carried out in the Advanced Clinical Skills Centre 

simulation centre at Mercy Hospital in Auckland (Gargiulo et al 2012) with the  intension of 

confirming these results in the clinical setting. Ultimately we aim to monitor the contamination 

of IV drugs by anaesthetists and to prevent the injection of micro-organisms into their patients.  

1.5 Aim 

In the current study my aim is to develop and validate a method for the capture and enumeration 

of contamination of drugs prepared and administered for anaesthesia in the OT. This method 

is centered on using FU in patients IV lines. 

1.6 Previous research  

A literature search identified no previous studies that examined the use of a filter unit in 

detecting microbiological contamination in the OT. Databases searched were MEDLINE , 
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Google Scholar and EMBASE using a combination of the following terms: ‘microorganisms’, 

‘bacteria’, ‘filter’, ‘filter unit’, ‘membrane’, ‘back-flush’, ‘elution’, ‘membrane filtration’ and 

‘contamination’.  

Filtration has been used in the past to remove impurities from water (Goyal and Gerba 1980), 

food (Peterkin and Sharpe 1980) and even 17th century parchment and mummified remains 

(Valentin 1990). The use of in-line filters to prevent bacterial and particulate contamination 

when administering intravenous fluids, especially intravenous nutrition, is well documented 

(Allcutt et al 1983, Bethune et al 2001, Tyagi et al 2003), but is not routine in all clinical 

settings. 

1.7 Summary 

Healthcare-associated infection remains a major problem in every surgical service in the world. 

Simple initiatives have been shown to improve rates of infection. The potential contribution of 

anaesthetic personnel in the injection of micro-organisms while in the process of administering 

anaesthetic drugs to the genesis of subsequent infection has not been assessed. Therefore, we 

aim to quantify the microbiological contamination of drugs by anaesthetic personnel during 

their preparation and administration in the OT (Qbugs study) by incorporating a commercial 

FU into the administration line. The FU will be back-flushed (a volume of test solution will be 

flushed in the direction opposite to conventional fluid flow) in the laboratory using the method 

outlined in the current study.  

2.0 Objectives 
We propose to develop and validate a method of back-flushing a FU previously each 

contaminated with known concentrations of four micro-organisms: Staphylococcus 

epidermidis (S. epidermidis), Escherichia coli (E. coli), Streptococcus pyogenes (S. pyogenes) 

or Candida albicans (C. albicans). The method is to be used in future research to detect the 

potential contamination of intravenous (IV) drugs administered during anaesthesia in the OT 

(Quantifying the microbiological contamination of drugs administered for anaesthesia in the 

operating theatre (the ‘Qbugs’ study)). 
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3.0 Study design and methods 
A description of the materials used in this study can be found in Addendum A to this protocol: 

Study materials. 

3.1 Contamination of the FU 

Using S epidermidis, four decreasing concentrations and a blank (each made up to 10mL with 

IV sodium chloride 0.9%) will be loaded onto a sterile 0.2μm FU by injecting the 10mL volume 

through the FU (see table 1).  

Table 1: Concentration of the micro-organisms loaded onto the 0.2μm FU by injecting a 10mL 
volume 

CFU loading concentration 
1x104 
1x103 
1x102 
1x10 
Blank (IV sodium chloride 
0.9%) 

The flushed 10mL volume will be collected and a 100μl sample spread onto blood agar (BA) 

platesf as a check of the performance of the FU (see Figure 2). The BA plates will be incubated 

at 37oC for 24-48hours and the micro-organisms enumerated. 

 

 

 

 

Direction of flush 
Figure 2: FU loaded with a known concentration of micro-organism 

                                                 

f Blood agar plates contain 5% sheep blood and agar in a sterile petrie dish (Fort Richards, NZ) 

0.2 μm filter unit 10mL syringe with a known concentration 
of micro-organism (see table 1) 
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The FU will be capped and with the attached syringe, left for 60 minutes at room temperature. 

This will simulate the time needed to return to the laboratory at UoA after collection of the FU 

in the clinical setting (Addendum B: Qbugs protocol).  

3.2 Preliminary study methods 

To determine a method of back-flushing a contaminated FU a series of three experiments will 

be designed. 

a. To determine a suitable volume and solution 

b. To establish if the solution and volume from (a) results in the contamination being back-

flushed from the FU 

c. To be able to quantify the back-flushed contamination 

3.1.1 Method ONE 

Standard volumes (5, 10, 20 or 50mL) of three test flushing solutions (IV sodium chloride 0.9% 

(NS); sterile sodium chloride 0.9%, 0.1% Tween 80 and 1% peptone (NSTP); sterile 3% 

tryptone soya broth, 1% Tween 80 and 1% Peptone water (TTP)) will each be used to back-

flush the FU twice on separate study days (see Figure 3). The back-flushed volumes will be 

collected and a 100μl sample of each of the two back-flushes spread onto a separate BA plate. 

The plates will be incubated at 37oC for 24hours and the micro-organisms enumerated (see 

VDoc1). This method will be repeated on two further occasions. 

 

 

 

 

Direction of back-flush 
Figure 3: Back-flushing the contaminated FU  

Syringe tip connector 
Contaminated FU 

Syringe containing the test solution 
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3.1.2 Method TWO 

If the results from method ONE (section 3.1.1) are inconclusive a 20mL solution of sterile 3% 

tryptone soya broth, 1% Tween 80 and 1% Peptone water (TTP) will be used to back-flush the 

FU twice (see figure 3). The back-flushed volumes will be collected separately, incubated at 

37oC for 24hours and the contamination recorded as turbidity (see VDoc2). This method will 

be repeated on two further occasions with S. epidermidis and three further occasions with E. 

coli. 

To determine if the four selected micro-organisms can survive in the nominated test solution 

(TTP) separately pick one CFU from each micro-organism and place each into 50mL TTP. 

Incubate with shaking at 37oC for 24hours and record the contamination as turbidity. 

3.1.3 Method THREE 

To quantify the results from Method TWO ( section 3.1.2) a 20mL flushing solution will be 

used to back-flush the contaminated FU once as in 3.1.2 above. The back-flushed volume 

(20mL) will be pushed through a sterile filter membrane unit (FMU) containing a sterile 0.2μm 

membrane (see Figure 4).  

 (a)   (b) 

Figure 4: The filter membrane unit (a) assembled (b) deconstructed 

Each membrane will be placed onto a separate BA plate, incubated at 37oC for 24hours and the 

micro-organisms enumerated. Photographs will be taken. The volume flushed through the 

second FMU will be collected, incubated at 37oC for 24hours and the contamination recorded 

as turbidity (see VDoc3). This method will be repeated on four further occasions using S. 

epidermidis and with the remaining three micro-organisms (section 3.2). 

3.1.4 Growth inhibition by membrane filters 

To investigate whether the 0.2μm membranes inhibit the growth of the micro-organisms four 

unused, sterile membranes will be moistened with sterile water for injection and each placed 
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onto a BA plate which has been previously inoculated with one of the four micro-organisms. 

The plates will be incubated at 37oC and any inhibition visualised at 24 and 48 hours. 

Photographs will be taken. See Addendum C: growth inhibition testing protocol.  

3.2 Actual study methods 

3.2.1 Step ONE 

The objective is to grow and enumerate CFU in concentrations that reflect those loaded onto 

the FU. A 20mL volume of the test solution (TSB, 1% Tween 80 and Peptone water) will be 

used to back-flush with turbulence6 F

g a contaminated FU once (see Figure 3).  

3.2.2 Step TWO 

The volume back-flushed from the contaminated FU will be collected in a sterile 20mL syringe 

and pushed through a sterile filter membrane unit (FMU) containing a sterile 0.2μm membrane 

(see Figure 4). Each membrane will be placed onto a separate BA plate, incubated at 37oC for 

24-48 hours and the micro-organisms enumerated. Photographs will be taken. These two steps 

will be repeated until a total of five repeats for all four micro-organisms have been completed. 

3.2.3 Filter unit wiping (deleted; see section 14.3) 

To determine if all the micro-organisms have been back-flushed from the FU and that the 

results represent the micro-organisms contaminating the FU and hence are not a consequence 

of contaminating the outside of the FU, at the conclusion of the above testing methods the 

outside casing of each used FU will be wiped with a sterile alcohol wipe and placed into 30mL 

of test solution (as determined in section 3.1.1). The FU in the test solution will be incubated 

with shaking (200rpm), at 37oC for 24-48 hours and the contamination recorded as turbidity 

when compared visually to an unused test solution. An unused and therefore sterile FU will be 

a negative control. Photographs will be taken. 

  

                                                 

g Back-flushing ‘with turbulence’ involves pulsing the plunger of the syringe while pushing the plunger into the 
syringe barrel 
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3.2.4 Filter wiping validation (deleted; see section 14.3) 

To validate the FU wiping testing in section 3.2.3, three sterile FU will be deliberately fouled 

with 103 CFU of S. epidermidis and three with 106 CFU. The outside casing of four randomly 

selected FU (two from each concentration) will be wiped with a sterile alcohol wipe (as in 

section 3.2.3); all six FU will be placed into 30mL of the test solution (determined in section 

3.1.1), incubated with shaking (at 200rpm) at 37oC for 24-48 hours and the contamination 

recorded as turbidity when compared visually to unused test solution. The two FU not wiped 

(one FU from each concentration) will be positive controls. This method will be repeated using 

E. coli and C. albicans. See Addendum 4: Filter unit wiping validation protocol. 

3.3 Study procedures 

3.3.1 Timeline 

 
Mar 

12 

Jun 

12 

Sep 

12 

Dec 

12 

Mar 

13 

Jun 

13 

Literature search and review       

Methods  

3.1, 3.2.1, 3.2.2, 3.2.3 

      

FU wiping validation 3.1.4 

(deleted) 

      

       

Data analysis and preparation 

for publication(s) 

      

3.3.2 Sequence 

A brief outline of each study day can be found in Addenda 3 and 4.  

3.3.3 Quality assurance 

The PI maintains a current yearly aseptic broth test validation, which is a test of aseptic 

techniques used in this study. The test is valid for one calendar year from the date of the broth 

test as per The United States Pharmacopeial Convention  (United States Pharmacopeial 

Convention 2010a) (the PI is current until 13th March 2014). 
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Other quality assurance measures include the use of settle plates during the research procedures 

(to measure the microbiological quality of the air in the laminar flow cabinet) and glove prints 

at the end of the procedures (to ensure that the finger-tip ends of the gloves worn by the PI are 

still sterile). All solutions sterilized in-house by autoclaving (121oC 30minutes) will be tested 

for sterility (negative control) by spreading a 0.1ml aliquot onto a BA plate, incubating at 37oC 

for 24-48hours and the contamination recorded. The ability to grow the test organisms (positive 

control) will be determined by adding one CFU of each of the four micro-organisms used to a 

20ml sample of the test solution, incubating at 37oC for 24-48hours and the contamination 

recorded as turbidity when compared to unused test solution. 

4.0 Experimental controls 

4.1 Blinding procedure 

Due to the nature of this research, blinding of the PI is impractical in the majority of this study. 

In the filter unit wiping validation (section 3.1.4) the PI will be blinded as to which of the FU 

is fouled with the two concentrations of micro-organisms. 

4.2 Quality assurance 

All procedures undertaken at MMP will be monitored using settle plates and glove prints as 

outlined in various guidelines (United States Pharmacopeial Convention 2010a, United States 

Pharmacopeial Convention 2010b) (see also section 3.2.4 above). 

5.0 Data management procedures 
Laboratory testing and data collection will be undertaken by the PI. All raw data will be 

recorded on study worksheet (as under the document registry) and inserted into the PI’s 

workbook.  

6.0 Statistical considerations 
Statistical advice will be sought on occasions where appropriate. 

6.1 Sample size  

Testing methods will be carried out five times to show consistency. 
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6.2 Statistical methods 

Data from the research documents will be tabulated and presented using appropriate summary 

statistics. 

7.0 Personnel responsibilities 
The PI is responsible for: study design and data integrity; data collection; study procedures; 

study analysis and write-up. The co-investigators will have various responsibilities according 

to their expertise including study design, protocols and analysis and write-up. Additional 

researchers will be co-opted as necessary (see Table 4). 

Table 4: Personnel responsibilities during the Vbugs study 

Investigator DG AM JS CW SS 

Study design X X X X X 

Protocol development X X X X X 

Data collection X    X 

Results analysis X X X X X 

Write-up for publication 
and/or presentation 

X X X X X 

DG= Derryn Gargiulo, AM= Alan Merry, JS= Janie Sheridan, CW= Craig Webster, SS= Simon Swift 

 

8.0 Administrative procedures 

8.1 Amendments to the protocol 

All modifications of the study will be written and filed as sequential versions of the protocol, 

maintaining original section identification and keeping copies of all versions. Such 

modification(s) will be made by the PI with the approval of the co-investigators. 

8.2 Early termination or extension of the study 

The PI and the co-investigators may discontinue or extend the study at any time. 
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8.3 Consumables accountability 

All consumables used during the laboratory study will be purchased as part of the PI’s PhD 

using funds from the SoP and the Department of Anaesthesiology. They remain the property 

of UoA. 

8.4 Publication of study results 

It is envisaged that the results of this study will be presented at appropriate conferences and 

submitted for publication in a high impact peer-reviewed journal.  

8.5 Retention of records 

Data will be stored in a locked cupboard in the Department of Anaesthesiology. Electronic data 

will be kept on a secure server within the Department. All records will be kept for seven years; 

after this time all paper records will be securely destroyed and all electronic records 

permanently deleted. 

8.6 Audits 

No audits are planned for this study apart from the quality assurances procedures undertaken 

as part of Good Laboratory Practice (see also section 3.3.3). 

9.0 Ethics procedures 
This laboratory based study does not require ethical approval. 

10.0 Addenda (amended; see section 14.1) 
The following addenda are supplementary to this protocol. 

Addendum number Title Version 

A Qbugs V18 8August2013 – a summary Final 

B Growth inhibition testing method Final 

C Filter unit wiping validation method Final 

 
  



Appendix II 

Page | 200  

11.0 Registry of documents (amended; see section 14.2) 
Documents necessary for efficient and complete running of this study are given below. The list 

is not exhaustive. 

Document number Title Version 

VDoc1 Laboratory worksheet: all bugs Final 

 

12.0 Reporting  
This study will be included in DGs PhD thesis, presented at one or more conferences and 

published in one or more peer-reviewed journals. 

12.1 Plan for Authorship of Manuscripts 

Authorship of any publications resulting from this work will reflect the contributions of the 

investigators. DG is expected to lead the writing of the paper describing this study and to be its 

first author. AM is expected to be the ‘senior’ author. 
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13.0 Protocol document history log 
 

Date Revision 
number 

Reason for revision Cancelled 
by 

19th June 2012 1 Original DG 
22nd June 2012 2 Alteration of experimental design DG 
26th June 2012 3 Addition of photos and FU components DG 
13th July 2012 13July2012 Alteration of version number 

Addition of method 2 
DG 

13th August 2012 13August2012 Alteration of method 2 DG 
14th January 2013 14Jan2013 Deletion of summary section 

Addition of method 3, references, micro-
organisms, FU wiping tests, growth 
inhibition tests and table 3 

DG 

21st January 2013 21Jan2013 Feedback from supervisors incorporated DG 
22nd February 2013 22Feb2013 Feedback from supervisors incorporated DG 
24th February 2013 2 (24Feb) Feedback from supervisors incorporated, 

change in flow of methods section 
DG 

19th March 2013 V3 18Mar13 Deletion of certain parts of the method DG 
22nd April 2013 V4 22Apr2013 Changes to and addition of addenda DG 
26th May 2013 V5 

26May2013 
Removal of addenda, addition of VDoc 
numbers in document registry.  

DG 

22nd July 2013 V6 
8August2013 

Change in addenda numbering DG 

25th October 2013 V7 25Oct2013 Addition of section 14  DG 
16th Feb 2014 V8 16Feb2014 Deletion of section 3.2.4 and Addendum 

4.  
 

 

14.0 Amendments or additions 
After the initial study days were undertaken changes were made to the protocol. 

14.1 Addenda  

The following addenda are supplementary to this protocol. 

Addenda number Title Version 

A Study materials Final 

B Qbugs V18 8August2013 – a summary Final 

C Growth inhibition testing method Final 
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14.2 Registry of documents 

The document registry is changed as follows. 

Document 
number 

Title Version 

VDoc1 Worksheet Method ONE Final 

VDoc2 Worksheet Method TWO Final 

VDoc3 Worksheet Method THREE Final 

 

14.3 Deleted sections 3.2.3 and 3.2.4 and Addenda 4. 

After the initial Q-bugs study days these sections were considered not to be part of the primary 

outcome and so were removed from the protocol. Addenda 4 (filter unit wiping method) was 

also removed from the protocol. 
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Vbugs Addenum A: Study materials 
Laboratory materials used in this study are described in Table 5. 

Table 5: Materials specific to the laboratory study. 

Name Description Manufacturer/source 

Filter membrane# 0.2μm, 25mm, hydrophilic 
polyethersulfone 

Pall Corporation, NY, USA 

Filter membrane unit# Easy pressure syringe filter-
holder, 25mm  

Pall Corporation, Washington, 
US 

Fluid dispensing connector* Single use B. Braun Melsungen AG, 
Germany 

Hat Blue, theatre cap 55cm  OneLink, Auckland, NZ 

Impervious gown Blue, single use Fine Touch Disposables, 
Christchurch, NZ 

Red capped vials* 50mL Raylab, Auckland, NZ 

Spreaders* L-shaped plastic Fort Richards Labs, Auckland, 
NZ 

Water for injection* 10mL ampoule Demo S.A., Athens, Greece 

#=purchased non-sterile and autoclaved in-house at 121oC for 20 minutes;  

*= purchased sterile. 

Bacterial strains 

The bacterial strains used in this study are described in Table 6. 

Table 6: Bacterial strains used in the laboratory study. 

Growth media 

The media used for bacterial growth specific to this study are described in Table 7. 

Species Strain number Source 

Candida albicans  1212 American Type Culture Collection 

Escherichia coli 25922 American Type Culture Collection 

Staphylococcus epidermidis 12226 American Type Culture Collection 

Streptococcus pyogenes 8668 American Type Culture Collection 
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Table 7: Media used for bacterial growth used in this study. 

Name Description Source 

Tryptic soy broth (TSB) 500mL, 3% (w/v) tryptic soy 
powder 

Compounded and autoclaved 
in-house  

Tryptic soy, Tween 80, 
Peptone water (TTP) 

500mL, 3% (w/v) tryptic soy 
powder, 1% (w/v) peptone 
powder, 0.5% (w/v) sodium 
chloride powder, 1% (v/v) 
Tween 80 solution 

Compounded and autoclaved 
in-house  

Water 

All water used for the compounding of in-house media (Table 7) was obtained by reverse 

osmosis using a MilliQ unit (Millipore, USA).  
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Vbugs Addendum B: Quantifying the microbiological 
contamination of drugs administered for anaesthesia in the 
operating theatre (Qbugs) protocol. 
(a summary – refer to full Qbugs protocol) 

Objectives of the study: 

This study is part of an on-going programme of research, the overall aim of which is to reduce 

harm from human error in anaesthesia through systematic analysis of its causes and the 

implementation of appropriate counter-measures. The possible error of interest in the present 

study is the unintended injection into patients of micro-organisms via intravenous (IV) drugs 

administered during anaesthesia in the operating theatre (OT). 

Our specific aim, therefore, is to detect and quantify the microbiological contamination of IV 

drugs administered during anaesthesia in the OT. 

We will test the hypothesis that microbiological contamination of IV drugs administered during 

anaesthesia occurs more often than once in one hundred cases (i.e in >1% of cases). We will 

provide an estimate of the rate of such contamination if it does occur. 

Study design:  

The pilot study will be an open audit of sufficient simulated cases to establish whether or not 

the methods are readily compatible with clinical cases. The main study will be a prospective 

audit of 300 cases. 

Type and number of participants/patients:  

Two anaesthetists (one of whom is a co-investigator: JT) will undertake the pilot study as 

participants, carrying out enough simulated cases to establish whether or not the methods are 

readily compatible with clinical cases. The main study population will involve a purposively 

selected group of 20 specialist anaesthetists on Level 4 and 8 at Auckland City Hospital (ACH). 

A total of 300 surgical cases will be studied (a case being defined as: one patient undergoing 

general anaesthesia with or without accompanying regional anaesthesia for surgery on one 

occasion). The 20 anaesthetists will carry out up to 25 cases each (to achieve 300 cases in total). 
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Principal clinical endpoint: 

The presence and number of microorganisms from IV drugs administered to patients during 

anaesthesia. 

Title  
Quantifying the microbiological contamination of drugs administered for anaesthesia in the 

operating theatre (The Q-bugs study). 

Study Background 

Healthcare-associated infections are a major problem in every surgical service in the world and 

create an enormous financial and human burden. The possible contribution of anaesthetists to 

this burden has not been well studied. Recent work has shown that simple initiatives to improve 

procedures used to insert central venous lines by anaesthetists reduced the median rate of 

catheter-related bloodstream infection per 1000 catheter-days from 2.7 infections at baseline 

to zero at 3 months (Pronovost et al 2006). It is plausible that other tasks carried out by 

anaesthetists could a) contribute to postoperative infection and b) be amenable to improvement 

through simple measures. Patients in the OT receive many medications through the parenteral 

route. There have been numerous studies of the microbiological contamination of parenteral 

medications, but these come from areas other than the OT. The aseptic techniques of 

anaesthetists in the preparation and administering of injected drugs have not been fully 

investigated partly because of the difficulties of conducting this research in the clinical setting. 

Other investigators have shown cause for concern. A previous study by our group using high 

fidelity anaesthesia simulation by our group showed that microbiological contamination is a 

possibility at least in the simulated setting (Gargiulo et al 2012). 

Study intervention 

This will be an observational study facilitated by the incorporation of a filter unit into the IV 

lines of patients undergoing anaesthesia.  

The rationale for the study 

Anecdotal observation suggests that the technique of at least some anaesthetists in 

administering IV drugs is less than meticulous. This study follows on from previous research 

carried out in the Advanced Clinical Skills Centre simulation centre at Mercy Hospital in 

Auckland, “Anaesthetic drug administration as a potential contributor to healthcare-associated 

infections: a prospective simulation-based evaluation of aseptic techniques in the 

administration of anaesthetic drugs“ (Gargiulo et al 2012). We confirmed the above anecdotal 

observation (at least in the context of simulated anaesthetics) and found bacterial growth in 
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13.1% (n=5/38) of empty sterile IV bags used to collect all administered medications from ten 

simulated surgical scenarios. In the current study we aim to detect and quantify the 

microbiological contamination of drugs prepared and administered to patients during clinical 

anaesthesia in the OT. We do not intend to investigate the techniques of handling IV drugs by 

participating anaesthetists on this occasion. 

Previous research  

A literature search identified few studies that specifically examined the aseptic techniques of 

anaesthetists in the preparation and administration of drugs. Databases searched were 

MEDLINE , Google Scholar and EMBASE using a combination of the following terms: 

‘aseptic techniques’, ‘sterile techniques’, ‘drug manipulation’, ‘microorganisms’, ‘bacteria’, 

‘IV injections’, ‘propofol’, ‘anaesthesia’ and ‘anaesthetist’. 

Several studies have investigated the techniques of anaesthetists, but these are limited to hand 

hygiene (el Mikatti et al 1999, Ryan et al 2006) or the use of masks (Skinner and Sutton 2001) 

or relate to aseptic procedures such as epidural placement. Contamination by blood and blood-

borne pathogens in relation to injection ports has also been studied (Lessard and Trepanier 

1997) as has the contamination of syringes in obstetric anaesthesia (Wagner et al 2002) and in 

diferent compounding areas (Stucki et al 2009).  

Loftus et al (2008) showed that bacterial contamination is transferred from anaesthetic 

machines to IV stopcocks (additive ports) and followed this with further studies linking  

anaesthetists’ hand contamination to the development of post-operative infection (Loftus et al 

2012, Loftus et al 2008, Loftus et al 2011).  

A body of literature deals with the way propofol is handled and its potential to cause infection 

when done so inappropriately (Henry et al 2001, Muller et al 2010). Propofol supports 

microbial growth; as a consequence its use should be restricted to single patients, and syringes 

of propofol should be assembled immediately prior to use to prevent contamination. However, 

whether microbial contamination of other anaesthetic drugs occurs intra-operatively in current 

practice, and whether such micro-organisms are  injected into patients at a detectable or 

clinically important level, has yet to be studied in a clinical setting. 

Significance 

Hospital associated infection is a major problem in healthcare, particularly in the context of 

surgery. Arguably, the mere demonstration that microbial contaminants are sometimes injected 

by anaesthetists during drug administration would justify initiatives to improve their technique 

in this regard. If the rate is relatively high (say 1 in 10 cases or more) then the potential to 



Appendix II 

Page | 209  

reduce patient harm and wasted economic resources by interventions to address the problem 

would be substantial. This research is timely given the current warnings of antibiotic over-use 

and the development of antibiotic resistant micro-organisms 

(http://www.bmj.com/content/346/bmj.f1663. Accessed 20th March 2013). 

Summary 

Healthcare-associated infection remains a major problem in every surgical service in the world. 

Simple initiatives have been shown to improve rates of infection; however the potential for 

anaesthetic personnel to inject contaminated drugs during anaesthesia, which may contribute 

to subsequent infection, has not been assessed.  

Currently there are few guidelines specifically for the preparation and administration of 

parenteral medications in the OT or for the appropriate training of anaesthetists or anaesthetic 

technicians in associated aseptic techniques. Our previous research suggests current clinical 

practice may involve actions that would be considered unacceptable in aseptic pharmacy 

compounding (e.g. leaving syringes uncapped and exposed to the environment when not in 

use). As explained above our previous study demonstrated that microbial agents are sometimes 

injected in by anaesthetists during drug administration, at least in a simulated setting. 

Therefore, we aim to confirm or refute this observation in a clinical setting, and quantify the 

rate of injection of micro-organisms in the drugs administered by anaesthetic personnel in the 

OT. If our findings in the simulator are confirmed in a clinical setting, then a larger study to 

quantify the extent of postoperative infection attributable to this cause and to explore any 

linkages between injected contaminants and subsequent infections would be warranted.  
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Vbugs Addendum C: Growth inhibition testing method 

To investigate if the 0.2μm membranes inhibit the growth of the micro-organisms 

Day one: 

1. Pick one CFU from a plate of each of the four micro-organisms (S. epidermidis, E. coli, 
C. albicans and S. pyogenes) and suspend in 10ml TSB in a 50ml sterile tube. Repeat 
for second tube. Use 10mL TSB as a negative control. [90ml TSB, 5x20ml syringe, 
5x18G, 8 ‘picks’, 9 sterile Falcon 50ml tubes].  

2. Incubate with shaking (200rpm) 24hrs at 37oC (~ 0930hrs until 0930hrs). 

Day two: 

1. Spin the eight tubes containing the micro-organisms in large centrifuge (4500rpm, 10mins 
at 22oC). 

2. Pour off supernatant and re-suspend using 10ml NS [4x 20ml syringe, 4x 18G needle, 8x 
10ml NS]. 

3. Check the optical density of the stock solutions 
a. Use NS as a blank at 600nm (set ref) 
b. Vortex and remove 0.9ml using a pipette 
c. Use the stock solution that reads closest to 1.650 (see graph) 

4. Dilute stock solution 1ml an appropriate volume of NS (put into Falcon 50mL tube). Read 
O.D. Should read close to 0.4 from graph (range 0.35- 0.55) = 1x108 cells/ml [up to 5x10ml 
NS, 4x 50mL tubes, 4x 10ml syringes, 4x 18G needles] 

5. (In the LAFC, open a BA ‘settle’ plate) Using these stock solutions of the four micro-
organisms spread them each onto a BA plate and let dry for 5minutes [4x ‘spreaders’, 
pipette tips, pipette, 4x BA plates, waste container] 

6. Using sterile tweezers, pick up one of the 0.2μm filter membranes and wet it using at least 
2mL of water for injection [sterile tweezers, 4x 10ml WFI] 

7. Place one membrane into the middle of the inoculated BA plate. Incubate at 37oC and 
visualise at 24 and 48 hrs. 

 
  

Item Size Number required 
TSB 100mL 1 
Syringe 20ml 8 
Syringe 10ml 4 
Needle 18G 12 
Falcon tube 50ml 13 
Normal Saline 10ml 15 
WFI 10ml 4 
BA plates  6 
Filter membranes  0.2μm 4 
Spreaders   One packet 
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VDoc1: Worksheet Method ONE  
 

Volume 
(ml) 

Expected 
number of 
cells 

1= Normal Saline 0.9% (NS) 
2= NS + Tween 80 + Peptone (NSTP) 
3= TSB + Tween 80 + Peptone water (TTP) 

 

  A1 A2 A3 
5 10,000    
5 1,000    
5 100    
5 10    
5 Blank    

 

  B1 B2 B3 
10 10,000    
10 1,000    
10 100    
10 10    
10 Blank    

 

  C1 C2 C3 
20 10,000    
20 1,000    
20 100    
20 10    
20 Blank    

 

  D1 D2 D3 
50 10,000    
50 1,000    
50 100    
50 10    
50 Blank    
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VDoc2: Worksheet Method TWO  
Volume 
(ml) 

Expected 
number of 
cells 

Staph epi (TSB/Tw/PW) 
---------------------------------------------------------------- 
Enumeration plates        Date: 

Results 
 
Date: 

  1 2 3 FU 20ml Eluate 

(1) 

20ml Eluate 

(2) 

FU bath 

20 10,000    (4)        

20 1,000      (3)        

20 100         (2)        

20 10           (1)        

20 1             (0)        

20 Blank     (B)        

       Unused FU =  

TSB/Tw/PW = sterile Tryptic Soya Broth, 1% Tween 80 & 1% Peptone water 

  Appendix II 



 

 

VDoc3: Worksheet Method THREE 
Volume 
(ml) 

Expected 
number of 
cells 

 
m/o:________________________ (TSB/Tw/PW)   
---------------------------------------------------------------- 
Enumeration plates        Date: 

Results 
 
Date: 

  1 2 3 FU filtrate FMU filtrate membrane FU bath 

20 10,000    (4)        

20 1,000      (3)        

20 100          

(2) 

       

20 10            

(1) 

       

20 Blank     

(B) 

       

       Unused FU =  

TSB/Tw/PW = sterile Tryptic Soya Broth, 1% Tween 80 & 1% Peptone water 
FU = filter unit; FMU = filter membrane unit 
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Appendix III: Clinical study protocol (for Chapter 5) 

 

Quantifying the microbiological contamination of drugs 

administered for anaesthesia in the operating theatre. 

(The Q-bugs study) 
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Principal Investigator: 

Derryn Gargiulo, PhD Student, Department of Anaesthesiology,  

University of Auckland, Private Bag 92-019, Auckland 

 

Co-Investigators: 

Simon Mitchell, Consultant Anaesthetist and Associate Professor, Head of Department of 

Anaesthesiology 

Janie Sheridan, Associate Professor*, School of Pharmacy  

Tim Short, Consultant Anaesthetist, Clinical Associate Professor and Director of Anaesthetic 

 Research (ACH) 

Simon Swift, Senior Lecturer, Molecular Medicine and Pathology  

Jane Torrie, Consultant Anaesthetist and Senior Clinical Lecturer 

Craig S Webster, Senior Lecturer*, Centre for Medical and Health Sciences Education 

Alan F Merry, Professor*, Head of School of Medicine 

 

*Supervisor of PI’s PhD 

 

Statistician 

Avinesh Pillai, Research Fellow and Biostatistician, Department of Statistics 
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ABBREVIATIONS  
PI  Principal Investigator 

IV  intravenous 

OT  operating theatre  

ACH  Auckland City Hospital, Auckland District Health Board 

FU  filter unit 

FMU  filter membrane unit 

SoP  School of Pharmacy 

UoA  The University of Auckland 

MMP  Molecular Medicine and Pathology, The University of Auckland 

AT  anaesthetic technician  

SCPS  Simulation Centre for Patient Safety, Tamaki Campus, UoA 

ADHB  Auckland District Health Board 
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SUMMARY 

Objectives of the study: 

This study is part of an on-going programme of research, the overall aim of which is to reduce 

harm from human error in anaesthesia through systematic analysis of its causes and the 

implementation of appropriate counter-measures. The possible error of interest in the present 

study is the unintended injection into patients of micro-organisms via intravenous (IV) drugs 

administered during anaesthesia in the operating theatre (OT). 

Our specific aim, therefore, is to detect and quantify the microbiological contamination of IV 

drugs administered during anaesthesia in the OT. 

Hypothesis: 

We will test the hypothesis that microbiological contamination of IV drugs administered during 

anaesthesia occurs more often than once in one hundred cases (i.e. in >1% of cases). We will 

provide an estimate of the rate of such contamination if it does occur. 

Study design:  

The pilot study will be an open audit of sufficient simulated cases to establish whether or not 

the methods are readily compatible with clinical cases. The main study will be a prospective 

audit of 300 cases. 

Type and number of participants/patients: (amended; see section 15.1) 

Two anaesthetists (one of whom is a co-investigator: JT) will undertake the pilot study as 

participants, carrying out enough simulated cases to establish whether or not the methods are 

readily compatible with clinical cases. The main study population will involve a purposively 

selected group of 20 specialist anaesthetists on Level 8 at Auckland City Hospital (ACH). A 

total of 300 surgical cases will be studied (a case being defined as: one patient undergoing 

general anaesthesia with or without accompanying regional anaesthesia for surgery on one 

occasion)(Merry et al 2011). The 20 anaesthetists will carry out up to 25 cases each (to achieve 

300 cases in total) with a reasonable spread of cases per participant. 
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Principal endpoint: 

The presence and an estimate of the quantity of microorganisms from IV drugs administered 

to patients during anaesthesia.  

1.0 Introduction 

1.1 Title  

Quantifying the microbiological contamination of drugs administered for anaesthesia in the 

operating theatre (The Q-bugs study). 

1.2 Study Background 

Healthcare-associated infections are a major problem in every surgical service in the world and 

create an enormous financial and human burden. The possible contribution of anaesthetists to 

this burden has not been well studied. Recent work has shown that simple initiatives to improve 

procedures used to insert central venous lines by anaesthetists reduced the median rate of 

catheter-related bloodstream infection per 1000 catheter-days from 2.7 infections at baseline 

to zero at 3 months (Pronovost et al 2006). It is plausible that other tasks carried out by 

anaesthetists could a) contribute to postoperative infection and b) be amenable to improvement 

through simple measures. Patients in the OT receive many medications through the parenteral 

route. There have been studies of the microbiological contamination of parenteral medications, 

but these come from areas other than the OT. The aseptic techniques of anaesthetists in the 

preparation and administration of injected drugs have not been fully investigated partly because 

of various difficulties of conducting this research in the clinical setting. Other investigators 

have shown cause for concern – see Table 1. A previous study by our group using high fidelity 

anaesthesia simulation showed that microbiological contamination does occur during 

anaesthesia through drugs injected by anaesthetists, at least in the simulated setting (Gargiulo 

et al 2012). 

1.3 Study intervention 

This will be an observational study facilitated by the incorporation of a filter unit into the IV 

lines of patients undergoing anaesthesia.  
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1.4 The rationale for the study 

Anecdotal observation suggests that the technique of at least some anaesthetists in 

administering IV drugs is less than meticulous. This study follows on from previous research 

carried out in the Advanced Clinical Skills Centre simulation centre at Mercy Hospital in 

Auckland, “Anaesthetic drug administration as a potential contributor to healthcare-associated 

infections: a prospective simulation-based evaluation of aseptic techniques in the 

administration of anaesthetic drugs” (Gargiulo et al 2012). We confirmed the above anecdotal 

observation (at least in the context of simulated anaesthetics) and found bacterial growth in 

13.1% (n=5/38) of empty sterile IV bags used to collect all administered medications from ten 

simulated surgical scenarios. In the current study we aim to detect and quantify the 

microbiological contamination of IV drugs drawn up and administered to patients during 

clinical anaesthesia in the OT. We do not intend to investigate the techniques of handling IV 

drugs by participating anaesthetists on this occasion. 

1.5 Previous research  

A literature search was undertaken to identify studies that specifically examined the aseptic 

techniques of anaesthetists in the preparation and administration of drugs. Databases searched 

were MEDLINE , Google Scholar and EMBASE using a combination of the following terms: 

‘aseptic techniques’, ‘sterile techniques’, ‘drug manipulation’, ‘microorganisms’, ‘bacteria’, 

‘IV injections’, ‘propofol’, ‘anaesthesia’ and ‘anaesthetist’.  

Several studies have investigated the techniques of anaesthetists, but these are limited to hand 

hygiene (el Mikatti et al 1999, Ryan et al 2006) or the use of masks (Skinner and Sutton 2001) 

or relate to aseptic procedures such as epidural placement. Contamination by blood and blood-

borne pathogens in relation to injection ports has also been studied (Lessard and Trepanier 

1997) as has the contamination of syringes in obstetric anaesthesia (Wagner et al 2002) and in 

different compounding areas (Stucki et al 2009).  

Loftus et al (2008) showed that bacterial contamination is transferred from anaesthetic 

machines to IV stopcocks (additive ports) and followed this with further studies linking  

anaesthetists’ hand contamination to the development of post-operative infection (Loftus et al 

2012, Loftus et al 2008, Loftus et al 2011) (Table 1). 

A body of literature deals with the way propofol is handled and its potential to cause infection 

when done so inappropriately (Henry et al 2001, Muller et al 2010). Propofol supports 
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microbial growth; as a consequence its use should be restricted to single patients, and syringes 

of propofol should be assembled immediately prior to use to prevent contamination. However, 

whether microbial contamination of other IV anaesthetic drugs occurs intra-operatively in 

current practice, and whether such micro-organisms are  injected into patients at a detectable 

or clinically important level, has yet to be studied in a clinical setting. 

1.6 Significance 

Hospital associated infection is a major problem in healthcare, particularly in the context of 

surgery. Arguably, the mere demonstration that microbial contaminants are sometimes injected 

by anaesthetists during drug administration would justify initiatives to improve anaesthetists’ 

technique in this regard. If the rate is relatively high then the potential to reduce patient harm 

and wasted economic resources by interventions to address the problem would be substantial. 

This research is timely given current concerns with antibiotic over-use and the development of 

antibiotic resistant micro-organisms (http://www.bmj.com/content/346/bmj.f1663. Accessed 

20th March 2013). 

1.7 Summary 

Healthcare-associated infection remains a major problem in surgical services throughout the 

world. Simple initiatives have been shown to improve rates of infection; however the potential 

for anaesthetic personnel to contribute to this problem through the techniques they use to draw 

up and administer IV drugs has not been assessed.  

Currently there are few guidelines specifically for the preparation and administration of 

parenteral medications in the OT or for the appropriate training of anaesthetists or anaesthetic 

technicians in associated aseptic techniques. Our previous research suggests current clinical 

practice may involve actions that would be considered unacceptable in aseptic pharmacy 

compounding (e.g. leaving syringes uncapped and exposed to the environment when not in 

use). As explained above our previous study demonstrated that microbial agents are often 

injected into patients by anaesthetists during drug administration, at least in a simulated setting. 

Therefore, we aim to investigate this possibility in a clinical setting, and quantify the rate of 

injection of micro-organisms in the drugs administered by anaesthetic personnel in the OT. If 

our findings in the simulator are confirmed in a clinical setting, then a larger study to quantify 

the extent of postoperative infection attributable to this cause and to explore any linkages 

between injected contaminants and subsequent infections would be warranted.  
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Table 1: Selected publications central to the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 

h Injection ports 

Reference Country Institution Size of study 
(n) 

Demographics or 
sample location (s) 

Key finding(s) 

Loftus RW et al. 
Anesthesiology. 
2008; 109, 399-407 

USA Tertiary 
care facility 

61 operating 
suites 

• IV stopcocksh • Bacteria were transmitted to anaesthesia work area and 
stopcocks8 and was associated with variable aseptic 
practice of anaesthesia personnel 

Loftus RW et al. 
Anesthesia & 
Analgesia. 2011; 
112, 98-105 

USA Tertiary 
care facility 

82 pairs of 
operating 
suites 

• Anaesthesia 
providers 
(attending, 
residents and 
registered nurse 
anaesthetists) 

• Anaesthesia provider hand contamination was a source of 
intraoperative contamination 

• Other risk factors were also identified e.g. ineffective 
decontamination strategies 

Stucki C et al. 
American Journal 
of Health-System 
Pharmacy. 2009; 
66, 2032-36 

Switzerl
and 

University 
hospital 

1500 media 
filled syringes 
in 3 
environments  

• Pharmacy aseptic 
unit, OT and 
uncontrolled ward 
area 

• 6% of media-filled syringes compounded in an OT were 
contaminated compared to 16% in a general ward area and 
none in an aseptic unit 

• High-risk manipulations such as exposure to non-sterile 
ambient air and non-sterile objects or fingers significantly 
increased the contamination 

Loftus RW et al. 
Anesthesia & 
Analgesia. 2012; 
114, 1236-48 

USA One tertiary 
care facility 
and two 
university 
medical 
centres 

548 cases, 
2640 hands, 
1087 patient 
samples, 2170 
environmental 
sites 

• Provider hands, 
patient 
nasopharynx and 
axilla, anaesthesia 
machine, 
peripheral tubing 
3-way stopcocksh 

• Bacterial reservoirs including patients, provider hands and 
their environment contributed to cross-contamination of IV 
stopcocksh  
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2.0 Objectives 
We aim to detect and quantify the microbiological contamination of IV drugs administered 

during anaesthesia in the OT. 

We will test the hypothesis that microbiological contamination of IV drugs administered during 

anaesthesia occurs more often than once in one hundred cases (i.e. in >1% of cases). We also 

aim to examine the relationships in the number and variety of micro-organisms with certain 

individual factors, including gender and handedness.   

A secondary (explanatory) objective is to investigate, at the end of each case, the rate of 

contamination in the residual drug in syringes used for administering drugs.  

3.0 Study design 

3.1 Experimental design (amended; see section 15.2) 

The study will be a prospective open audit of up to 300 cases.  

Patient drugs in the OT are currently administered using venous access via an injection port in 

the sterile IV giving set or via a port incorporated in the IV cannula. Typically, drugs are drawn 

up from glass or plastic ampoules, or vials into syringes; the syringes are attached (sometimes 

via a needle) to an injection port. Fluids are routinely administered through the same giving set 

or via a second set and cannula.  

In this study we propose to incorporate a 0.2 μm filter unit (FU) (BBraun, Australia) into the 

drug administration line via a three-way extension set (Alaris, Cardinal Health, Switzerland) 

and giving (injection) port (‘SmartSite’, Carefusion, Australia) (Figure 1). This involves a 

small change in current practice but we believe this will not compromise patient safety. In fact 

it may increase safety as any potential contamination will be captured in the FU before it 

reaches the patient. 
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Figure 1: Proposed clinical set-up for the filter unit (i) and three-way extension set with giving 

(injection) port (ii) 

All drugs will be injected into patients via the three-way stopcock extension line (ii) attached 

to the FU (i) with the exception of propofol (which cannot be filtered because of the 

characteristics of its emulsion) and all antibiotics (because they will inhibit the growth of 

contaminants). Propofol and antibiotics will be administered via a secondary injection port 

established for this purpose on the giving set (iv) thus bypassing the FU. A syringe of sterile 

0.9% sodium chloride will be connected to the three-way stopcock extension set (a) to flush 

drugs into the giving set. The fill volume of the fluid path in this line will be approximately 

2.15mL (see Table 2). 

Table 2: The measured length (cm) and fill volumes (mL), according to manufacturer’s 
product information sheets of the proposed clinical set up 

Consumable Length (cm) Fill volume 

(mL) 

Filter unit (i) 5 0.45 

Three-way stopcock extension set (ii) 18 1.1 

Two-way extension (white) line (iii) 10 0.6 

TOTAL 33 2.15 

 

ii 

iv 

i 

iii 

a 
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IV fluids may be administered via the non-filter arm of the two-way extension (iii). Participants 

may use a second IV line and cannula for fluids at their discretion. 

We have developed a procedure for back-flushing the FU and quantifying the micro-organisms 

captured within it (see Addendum A to this protocol: ‘V-bugs’ summary study protocol V6). 

A pilot study of the proposed clinical set-up will be carried out before the clinical audit is 

undertaken.  

3.2 Pilot study (simulation centre) 

Two anaesthetists from ACH (one of whom is a co-investigator), will each manage up to 5 

simulated cases in the OT at the Simulation Centre for Patient Safety (SCPS), Tamaki Campus, 

UoA. The OT is set up to use identical clinical anaesthesia equipment, consumables and 

documentation to that used in ACH OTs; an anaesthetic technician (AT) with ACH experience 

will assist in the normal clinical manner. A sophisticated, full-body manikin (METi Human 

Patient Simulator) which can be realistically anaesthetised will be used as the patient. The 

simulated cases will recreate representative cases from the OTs where the main part of study 

will be carried out. This will ensure that the proposed clinical set-up and study procedures are 

achievable and do not hinder the usual work routines within the OT. If necessary the proposed 

set-up will be modified and further cases undertaken until the set-up has been shown to be 

satisfactory in up to five consecutive cases for each anaesthetist. Once it has been shown that 

there truly is no material impact on patient care, it will be reasonable to use an opt-out approach 

for patients in the study proper instead of obtaining informed consent from every participating 

patient. 

3.3 Participants (main study) 

3.3.1 Participant eligibility (amended; see section 15.3) 

Participants will be specialist anaesthetists and registrar anaesthetists from level 8, ACH. There 

are no foreseen exclusion criteria. 

3.3.2 Sample size estimate 

At least 20 participant anaesthetists will be recruited; participants will be studied while 

undertaking up to 25 cases each until data have been collected from a total of 300 cases.  
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3.3.3 Recruitment of participant anaesthetists and data to be collected (amended; see section 
15.4) 

The study will be presented to anaesthetists from ACH at a regular departmental meeting and 

in written form via an invitation letter (QDoc-2 in the registry of documents). Information about 

the study will be given and the anaesthetist will have the opportunity to ask questions and be 

invited to participate (QDoc-3 and QDoc-4).  

Data will be collected on the participants’ gender and dominant hand. Information will also be 

collected on duration of anaesthesia, the number of drugs administered and the time of day of 

the surgery (QDoc-5). 

3.3.4 Recruitment of patients and data to be collected (amended; see section 15.5) 

Patients (elective or acute) to be anaesthetised by the participants will be informed of the study 

the day before or the day of surgery by the PI. Patients will be matched with the participant 

anaesthetist from the day time operating lists who are scheduled for general anaesthesia with 

or without regional anaesthesia (level 8 patients are generally adults >16years). They will be 

given an information sheet and the opportunity to ask questions if they wish. Patients will be 

given the option to ‘opt-out’ of the study before the commencement of surgery (QDoc-6). A 

record will be kept of how many patients ‘opt-out’ and additional patients will be invited into 

the study as required to complete the number of cases. 

Data will be collected on the patients’ age, gender, ethnicity and the type of surgery involved 

(QDoc-5). 

3.4 Study procedures/methods 

Ethics committee approval for this study will be sought from the Health and Disability Ethics 

committee and approval from the appropriate research committee at ACH will be sought. The 

study has a Universal Trial Number (U1111-1137-8928) and has been registered on the 

Australian New Zealand Clinical Trials Registry, www.anztr.org.au, 

ACTRN12613000040763. 

The PI and supervisor(s) will present the study plan to anaesthetic, surgical and nursing team 

leaders. 
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3.4.1 Timeline 

 Jun 
12 

Sep 
12 

Dec 
12 

Mar 
13 

Jun 
13 

Sep 
13 

Dec 
13 

Mar 
14 

Jun 
14 

Literature search and 
review 

         

Pre-study laboratory 
procedures 3.4.2 (V-
bugs) 

         

Ethics approval          

Pilot study data 
gathering 3.2 (Q-bugs) 

         

Main study data 
gathering 3.3 and 
3.4.3-3.4.7 (Q-bugs) 

         

          

Data analysis and 
preparation for 
publication(s) 

         

3.4.2 Laboratory filter unit validation testing (V-bugs study) 

Tests have been carried out to determine the lowest level of contamination detectable with the 

available analytical methods and to validate the back-flush testing methods using four bacteria 

(Staphylococcus epidermidis, Escherichia coli, Streptococcus pyogenes and Candida albicans) 

(Addendum 1: Vbugs study protocol V6). 

3.4.3 Sequence (amended; see section 15.6) 

The study will take place on days of the week when the researcher and the participant 

anaesthetist are both available. An attempt will be made to get a reasonable spread of days of 

the week (Monday to Friday). There will be no ‘out-of-hours’ or weekend study days. A brief 

outline of the study day at the study centre can be found in Addendum 2: ‘Filter unit (FU) 

clinical testing protocol’. The PI will be under the supervision of Dr Jane Torrie, Dr Simon 

Mitchell or Dr Tim Short at all times while in the OT (level 8) at ACH. 
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3.4.4 Clinical FU testing  

The filter unit and extension set will be assembled prior to the start of each case in the OT by 

the participant anaesthetist or anaesthetic technician and incorporated into the usual IV drug 

administration system. All care will be taken to minimise potential contamination in the 

assembly of the clinical set-up; the PI will ensure that the participant anaesthetist and AT have 

been appropriately trained in the assembly of the set-up prior to the start of each case. The PI 

(or AT) will ensure that the drugs are administered according to the protocol (as in 3.1) and 

record which drugs are administered via the FU. If necessary the PI (or AT) will remind the 

participant anaesthetist not to administer propofol or antibiotics through the FU. At the end of 

each case the PI (or AT) will disconnect the FU/extension sets and remove them for further 

analysis (see Addendum B).  

3.4.5 Steps to be taken if there is clinical evidence of a complication 

This study will not alter patient care in any substantive way. All aspects of patient care will 

remain the responsibility of the attending anaesthetists and surgeons, including the 

management of any general complications. Participants will be able to by-pass the FU to 

administer drugs in an emergency. Any complications arising from the study itself will be 

recorded (QDoc-7) and AFM notified. In such circumstances AFM will liaise with the patient’s 

primary clinicians to manage the complication. It should be noted that no such complications 

are anticipated from the inclusion of the FU in the IV lines proposed in this study.  

3.4.6 Syringe contents testing (amended; see section 15.7) 

Syringes (with residual volumes greater than or equal to 1mL) used to prepare and administer 

drugs to patients during each case will be analysed for contamination. Any that are closed with 

a syringe cap or needle and cap by the participants will be labelled as such. Those that are 

uncapped will be capped by researchers. Loose needles will not be collected as it is assumed 

these will not be used again (Figure 2). The articles collected will be kept refrigerated until 

analysed in the laboratory at MMP (see Addendum C). This method was successfully used in 

our previous research (Gargiulo et al 2012). 
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Figure 2: Syringes with residual volume (i, ii, iii and iv) will be collected; ii and iii will be capped 

by researchers. Needles (v and vi) will not be collected. 

3.4.7 Quality assurance procedures 

The PI maintains a current yearly aseptic broth test validation, which is a test of aseptic 

techniques used in this study. The test is valid for one calendar year from the date of the broth 

test (the PI is current until 13th March 2014). 

Other quality assurance measures in the laboratory at MMP include the use of settle plates 

during the research procedures (to measure the microbiological quality of the air in the laminar 

flow cabinet) and glove prints (of the PI’s gloves) at the end of the procedures (to ensure that 

the finger-tip ends of the gloves are still sterile). All solutions sterilised in-house by autoclaving 

(1210C, 30minutes) will be tested for sterility (negative control) by incubating a 20mL sample 

at 37oC for 24hours and the contamination recorded as turbidity. 

4.0 Experimental controls 

4.1 Blinding procedure 

Blinding of the PI, participants and/or patients is impractical. 

4.2 Quality assurance 

All procedures undertaken at MMP will be monitored using settle plates and glove prints as 

outlined in various guidelines (The United States Pharmacopeia (USP33) <1116> 2010, The 

United States Pharmacopeia (USP 33) <797> 2009) (see also section 3.3.7). 
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4.3 Participant or patient withdrawal 

Participant anaesthetists may withdraw from the study at any time. This will be recorded. If 

available, stated reasons for withdrawal will be recorded.  

Patients will be given a written information sheet and be able to ‘opt-out’ of the study before 

their surgery (QDoc-6). Additional patients will be invited into the study as required to 

complete the number of cases. 

4.4 Confidentiality  

All data pertaining to the participant anaesthetists and patients will be confidential and de-

identified. Any publications resulting from this work will not include identifying data (for 

participant anaesthetists, patients or study site). 

5.0 Data management procedures 
Data collection, laboratory testing and OT testing will be undertaken by the PI. All raw data 

will be recorded on documents as listed under the documents registry. Data will be stored as 

per the ethics committee requirements. 

5.1 Confidentiality 

All data will be de-identified. Cases will be assigned a study reference number and information 

identifying OT staff, participant anaesthetists and patients will be removed. 

6.0 Statistical considerations 
Statistical advice will be sought on occasions where appropriate from Mr Avinesh Pillai, 

Biostatistician, Department of Statistics, UoA. 

6.1 Participant categories 

One of the participant anaesthetists (JT) in the pilot study is a study co-investigator and a 

consultant anaesthetist at ACH. Both anaesthetic consultants and registrars will be recruited 

for the main study. 

6.2 Sample size  

In our previous study (Gargiulo et al 2012) we detected a contamination rate of 13% (five of 

the 38 cases grew micro-organisms). It would be reasonable to expect a rate of about 10% in a 
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clinical setting. With a sample size of 300 and a point incidence of 10% (i.e. 30 cases), we 

would be 90% certain that the true rate will range from 7.1% to 12.8% (at 95% the range is 

6.6% to 13.4%). A negative finding (zero out of 300 cases) will represent a contamination rate 

of 1% or less; therefore we will reject the hypothesis if we find zero cases in 300 (or less). 

Table 3: Estimates of 95% confidence limits of the incidence of contamination 

Contamination rate 95% Confidence 
limits 

0.00% (0/300) (0.00, 1.00) 
0.33% (1/300) (0.06, 1.86) 
0.67% (2/300) (0.18, 2.40) 
1.00% (3/300) (0.34, 2.90) 
10% (10/100) (0.06, 0.17) 
10% (20/200) (0.07, 0.15) 

 

6.3 Statistical methods 

Non-identifying case data from the research documents will be tabulated and presented using 

appropriate summary statistics. Summaries of counts and proportions for anaesthetic 

consultants and registrars will be presented. 

7.0 Personnel responsibilities 
The PI is responsible for: study design and data integrity; data collection; study procedures; 

study analysis and write-up. In addition the co-investigators will have various responsibilities 

according to their expertise including study design, protocols and analysis, write-up and 

obtaining ethics approval (see Table 4). Additional researchers will be co-opted as necessary. 

The PhD supervisors are responsible for overseeing and contributing to the design of the study, 

the management of the study, the analysis of the study and the preparation of presentations and 

the writing of papers arising from this study. 

If clinical problems or concerns arise during the study, AFM as the main supervisor will be 

notified and a resolution sought (also see section 3.4.5).  



 

 

Table 4: Personnel responsibilities during the Qbugs study 

Responsibility DG AM SM AP JS TS SS JT CW 

Study design X X   X  X X X 

Protocol development X X   X  X X X 

Obtaining ethics approval X X X  X X X X X 

Data collection; pilot study X       Xa  

Data collection; main study X Xa Xa   Xa  Xa  

Resolution of clinical 
problems 

X X X   X  X  

Results analysis X X X X X X X X X 

Write-up for publication 
and/or presentation 

X X X X X X X X X 

DG= Derryn Gargiulo, AM= Alan Merry, SM= Simon Mitchell, AP= Avinesh Pillai, JS= Janie Sheridan, TS= Tim Short, SS= Simon Swift, JT= Jane Torrie, 
CW= Craig Webster. a= participant 
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8.0 Administrative procedures 

8.1 Amendments to the protocol 

All modifications of the study will be documented and filed as sequential versions of the 

protocol, maintaining original section identification and keeping copies of all versions. Such 

modification(s) will be made by the PI with the approval of the co-investigators and the ethics 

committee (where applicable). 

8.2 Early termination or extension of the study 

Interim analysis of the results will be undertaken after data collection on 100 cases and again 

after 200 cases. The PI (with the co-investigators and ethics committee approval) will 

discontinue the study if the point incidence is 10% or greater contamination after 100 cases (10 

or more) and 10% or greater contamination after 200 cases (20 or more). After 100 or more 

patients have been studied, a point estimate of 10 % will be sufficiently compelling to justify 

the conclusion that there is a serious problem with the way anaesthetists draw up and inject 

drugs. If the contamination rate is less than 10% at 100 cases and at 200 cases the study will 

continue until 300 cases are completed. 

8.3 Drug accountability 

All drugs used during the study for the purposes of routine provision of anaesthesia in the 

clinical setting are the property of ACH. These are drugs that would be used routinely in the 

management of the patients under the participant anaesthetists’ care. 

8.4 Consumables accountability (amended; see section 15.9) 

All consumables that are extra to normal clinical practice will be purchased using funds from 

sources external to clinical operating budgets. The consumables will be located on level 8 

(ACH) in an area used to house equipment for clinical studies.  

8.5 Publication of study results 

It is envisaged that the results of this study will be presented at appropriate conferences and 

submitted for publication in a high impact peer-reviewed journal. All data pertaining to 

participating anaesthetists and patients will be confidential and de-identified, as per ethics 
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approval guidelines. Any publications resulting from this work will not include identifying data 

(for participants, patients or hospital). 

8.6 Retention of records 

Data will be stored for seven years in a locked cupboard in the Department of Anaesthesiology, 

as per ethics committee guidelines. Electronic data will be kept on a secure server within the 

Department for seven years. After this time all paper records will be securely destroyed and all 

electronic records permanently deleted. 

8.7 Audits 

Audits are planned for this study as well as the quality assurances procedures undertaken as 

part of Good Laboratory Practice. The study process will be audited by a suitably qualified 

researcher not directly involved in the study. Audits will include, but not be limited to, presence 

of required documents, the informed consent process, the data gathering in the OT and the 

laboratory testing process. The PI agrees to participate with audits conducted at a reasonable 

time in a reasonable manner. 

9.0 Ethics procedures 

9.1 Guidelines  

This study will be conducted according to the procedures specified in this study protocol.  

9.2 Participant/patient information sheet and consent forms 

Participant anaesthetists and patients will be given separate information sheets. Participant 

anaesthetists will be asked to complete a consent form as per ethics approval guidelines. 

Patients will be given a study information sheet and the opportunity to opt out. See documents 

QDoc3, QDoc-4 and QDoc-6 in the registry of documents. 

9.3 Ethics and locality approvals (amended; see section 15.10) 

Ethics approval will be sought from the regional ethics committee (Northern B Health and 

Disability Ethics Committee) and Auckland District Health Board (ADHB).  
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9.4 Trial registration 

This study has been registered under the Australian New Zealand Clinical Trials Registry: Ref: 

ACTRN12613000040763 and has a Universal Trial Number (U1111-1137-8928). 

10.0 Addenda 
The following addenda are supplementary to this protocol. 

Addendum number Protocol title Version 

A Vbugs V6 8August2013 – a summary Final 

B FU clinical testing protocol part A Final 

C Syringe testing protocol Final 

D Study materials Final 

E Quality assurance FU/FMU blank testing protocol Final 

 

11.0 Registry of documents (amended; see section 15.12) 
Documents necessary for efficient and complete running of this study are given below. The list 

is not exhaustive.  

Document number Title Version 

QDoc-2 Participant invitation letter Final 

QDoc-3 Participant information sheet Final 

QDoc-4 Participant consent form Final 

QDoc-5 Case demographics and baseline data form Final 

QDoc-6 Patient information sheet Final 

QDoc-7 Serious adverse event form Final 

12.0 Reporting 
This study will be included in DGs PhD thesis, presented at one or more conferences and 

published in one or more peer-reviewed journals.  
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12.1 Plan for authorship of manuscripts 

Authorship of any publications resulting from this work will reflect the contributions of the 

investigators. DG is expected to lead the writing of the paper describing this study and to be its 

first author. AFM is expected to be the ‘senior’ author. 
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by 

27March12 1 Original DG 

29March12 2 Feedback from supervisors incorporated DG 

18April12 3 Addition of environmental testing DG 

30May 12 4 Addition of clinical setup photo and changes 
made incorporating feedback from supervisors 

DG 

16June12 16Jun2012 Change to revision number DG 

13July12 13Jul2012 Incorporation of feedback from supervisors DG 

29Nov12 29Nov2012 Addition of syringe contents and needles testing 
and table 2 

DG 

13Dec12 13Dec2012 Incorporation of feedback from supervisors. 
Addition of second study site and UTN 

DG 

19Dec12 19Dec2012 Alteration of sample size DG 
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11Jan13 11Jan2013 Alteration of sample size. Addition of ACTRN DG 

18Jan13 18Jan2013 Expansion of previous research section DG 

21Jan13 21Jan2013 Incorporation of feedback from supervisors and 
addition of document history log 

DG 

7Mar13 V6 7Mar13 Addition of patient consent to pilot study DG 

12Mar13 V7 12Mar13 Changes to participant numbers DG 

20th Mar13 V8 20Mar13 Deletion of second site DG 

22March13 V9 22Mar13 Alteration in statistics DG 

5April13 V1022Mar13 Addition of sub-hypotheses DG 

19April13 V11 19Apr13 Changes to agreement page, retention of records. 
Addition of interim analysis. Addition of List of 
Tables and List of Figures. 

DG 

3May13 V12 
3May2013 

Clarification of potential contamination at set-up 
and participant withdrawal 

DG 

4May13 V13 
4May2013 

Removal of clinical pilot study method, change to 
use of simulation centre for the pilot study, PIS 
and consent forms, clarification of statistics and 
interim analysis, addition of addenda B-C 

DG 

15May13 V14 
15May2013 

Addition of Vbugs protocol as Addendum A DG 

 

Date Number Reason for revision Cancelled 

by 

26May13 V15 
26May201
3 

Changes to hypothesis and experimental design 
wording. Pilot study section change. 
Rearrangement of wording of clinical set-up  

DG 

5June13 V16 
5Jun2013 

Changes to clinical setup added as amendments 
and addition of documents as per registry 

DG 

12July13 V17 
12July2013 

Removal of appendices, registry documents. 
Addition of section 14.0  

DG 

31July13 V18 
8Aug2013 

Addition of Addenda D-E DG 

16Feb14 V19 
16Feb2014 

  

 

15.0 Study amendments or additions 
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After the pilot study days were undertaken changes were made to the protocol. 

15.1 Type and number of participants/patients 

The summary section is altered as follows. 

The main study population will involve a purposively selected group of 20 anaesthetists (both 

specialists and registrars) on level 4 or 8 at Auckland City Hospital (ACH). 

15.2 Experimental design 

Section 3.1 is altered as follows. 

The study will be a prospective open audit of up to 300 cases.  

Patient drugs in the OT are currently administered using venous access via an injection port in 

the sterile IV giving set or via a port incorporated in the IV cannula. Typically, drugs are drawn 

up from glass or plastic ampoules, or vials into syringes; the syringes are attached (sometimes 

via a needle) to an injection port. Fluids are routinely administered through the same giving set 

or via a second set and cannula.  

In this study we propose to incorporate a 0.2 μm filter unit (FU) (BBraun, Australia) and a 

giving (injection) port (‘SmartSite’, Carefusion, Australia) via a two-way extension set 

(Carefusion, Australia) into the drug administration line (Figure 3). This involves a small 

change in current practice but we believe this will not compromise patient safety. In fact it may 

increase safety as any potential contamination will be captured in the FU before it reaches the 

patient. For a description of the study equipment see Addendum D. 
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Figure 3: Proposed clinical set-up for the giving (injection) port (i), filter unit (ii), and 2-

way set (iii) 

Before each study case the anaesthetic technician will collect the ‘Qbugs equipment bag’ 

(Table 5), take it to the relevant OT and arrange the set-up as outlined in section 3.1 (Figure 

3).  

  

i iv 

ii 

iii 
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Table 5: Contents of the Qbugs equipment setup bag 

Inner Qbugs pouch Item Quantity 

 Setup instructions laminated card (QDoc-11) 1 

 Filter unit 0.2μm (sterile) 1 

 Injection port (sterile) 1 

 Two-way extension set (sterile) 1 

 Medication line label (figure 4) 2 

 3mL prefilled 0.9% sodium chloride syringe  1 

Outer Qbugs equipment bag Qbugs inner pouch 1 

 Blue ‘end of case’ collection bag 1 

 Tamper tag seal  1 

 Syringe caps/bungs ~20 

 Case completion questionnaire (Qdoc-10) 1 

 

All drugs will be injected into patients via giving port (i) attached to the FU (ii) with the 

exception of propofol (which cannot be filtered because of its emulsion characteristics), 

infusions (which are difficult to configure with the setup) and all antibiotics (because they will 

inhibit the growth of contaminants). Propofol, infusions and antibiotics will be administered 

via a secondary injection port available for this purpose on the fluid line (iv) thus bypassing 

the FU. A label will be attached to the FU line (iii) highlighting that the line is only for drugs 

and not for propofol or antibiotics (see Figure 4). 

 

Figure 4: Medication line label 
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The fill volume of the fluid path in this line will be approximately 1.16mL (see Table 6). 

Table 6: The fill volumes (mL), according to manufacturer’s product information sheets of the 

proposed clinical set up 

Consumable Fill volume 
(mL) 

Injection port (i) 0.11 

Filter unit (ii) 0.45 

Two-way extension (white) line (iii) 0.6 

TOTAL 1.16 

 

IV fluids may be administered via the non-filter arm of the two-way extension (iv). Participants 

may use a second IV line and cannula for fluids or infusions at their discretion. At the end of 

each case a case completion questionnaire will be completed by the participant anaesthetist to 

ensure that the study protocol has been observed or reasons are stated for not doing so (QDoc-

10). 

We have developed a procedure for back-flushing the FU and quantifying the micro-organisms 

captured within it (Addendum A: V-bugs summary study protocol V6). A pilot study of the 

proposed clinical set-up will be carried out before the clinical audit is undertaken.  

15.3 Participant eligibility 

Section 3.3.1 is altered as follows. 

Participants will be specialist anaesthetists and registrar anaesthetists from level 4 or 8, ACH. 

15.4 Recruitment of participant anaesthetists and data to be collected 

Section 3.3.3 has the following addition. 

A study information/recruitment sheet will be placed on the research notice board on level 8 

(QDoc-12). 

15.5 Recruitment of patients and data to be collected. 

Section 3.3.4 is altered as follows. 
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Patients will be matched with the participant anaesthetist from the day time operating lists who 

are scheduled for general anaesthesia with or without regional anaesthesia (level 4 and 8 

patients are generally adults > 16 years). 

15.6 Sequence 

Section 3.4.3 is altered as follows. 

The PI will be under the supervision of Dr Jane Torrie, Dr Simon Mitchell or Dr Tim Short 

(level 8) or Prof Alan Merry (level 4) while in the OT at ACH. 

15.7 Syringe contents testing 

Section 3.4.6 is altered as follows. 

Syringes used to prepare and administer drugs to patients during each case will be analysed for 

contamination. 

15.8 Steps to be taken if propofol or antibiotics are injected via the filter unit 

Section 3.4.8 is added. 

3.4.8 Steps to be taken if propofol or antibiotics are injected via the filter unit 

The participant will record on the case completion questionnaire (QDoc-10) if propofol or 

antibiotics are injected via the FU. The case will be taken out of the study but analysis of the 

FU will still be undertaken and results recorded separately. The syringes for this case will still 

be analysed as in section 3.4.6. 

15.9 Consumables accountability 

Section 8.4 is altered as follows. 

All consumables that are extra to the normal clinical practice will be purchased using funds 

from sources external to clinical operating budgets. 

15.10 Ethics and locality approvals 

Section 9.3 is altered as follows. 
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This study has received approval from the Northern B Health and Disability Ethics Committee 

(Ref: 13/NTB/80) (QDoc-8). The Auckland District Health Board Research Review 

Committee has given their approval for this study to be carried out (QDoc-9). 

15.11 Additional quality assurance testing 

To ensure that the Q-bugs back-flushing methods were not introducing contamination an 

additional quality assurance procedure was commenced after approximately 135 study cases. 

See Addendum E: Quality assurance FU/FMU blank testing.  

15.12 Registry of documents 

Section 11.0 “Registry of documents” is altered as follows. 

The following documents have been added to the registry of documents. 

Document number Title Version 
QDoc-8 Ethics approval letter ref: 13/NTB/80 Final 
QDoc-9 ADHB locality approval Final  
QDoc-10 Qbugs case completion questionnaire Final 
QDoc-11 Qbugs setup instructions Final 
QDoc-12 Information sheet/recruitment for research board Final 
QDoc-13 QA (blank) testing FU/FMU laboratory worksheet Final 
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Addendum A: The microbiological validation of a method used to investigate 
contamination of drugs administered for anaesthesia in the operating 
theatre (The V-bugs study). 

(a summary – refer to full Vbugs protocol) 

Objectives 

We propose to develop and validate a method of back-flushing a FU previously each 

contaminated with known concentrations of four micro-organisms: Staphylococcus 

epidermidis (S. epidermidis), Escherichia coli (E. coli), Streptococcus pyogenes (S. pyogenes) 

or Candida albicans (C. albicans). The method is to be used in future research to detect the 

potential contamination of intravenous (IV) drugs administered during anaesthesia in the OT 

(Quantifying the microbiological contamination of drugs administered for anaesthesia in the 

operating theatre (The Q-bugs study)). 

Title  

The microbiological validation of a method used to investigate contamination of drugs 

administered for anaesthesia in the operating theatre (The V-bugs study). 

Study Background 

Healthcare-associated infections are a major problem in every surgical service in the world and 

create an enormous financial and human burden. The possible contribution of anaesthetists to 

this burden has not been well studied. Recent work has shown that simple initiatives to improve 

procedures used to insert central venous lines by anaesthetists reduced the median rate of 

catheter-related bloodstream infection per 1000 catheter-days from 2.7 infections at baseline 

to zero at 3 months (Pronovost et al 2006). It is plausible that other tasks carried out by 

anaesthetists could a) contribute to postoperative infection and b) be amenable to improvement 

through simple measures. Patients in the operating theatre (OT) receive many medications 

through the parenteral route. There have been numerous studies of the microbiological 

contamination of parenteral medications but these come from areas other than the OT. The 

aseptic techniques of anaesthetists in the preparation and administering of injected drugs have 

not been extensively investigated partly due to the difficulties of conducting this research in 

the clinical setting. A previous study by our group confirmed that microbiological 

contamination occurs in some patients at least in the simulated setting (Gargiulo et al 2012).  
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Currently there are few guidelines neither specifically for the preparation and administration 

of parenteral medications in the OT nor for the appropriate training of anaesthetists or 

anaesthetic technicians in the associated aseptic techniques. The guidelines we have found are 

not very comprehensive (American Society of Anesthesiologists 1999, Association of 

Anaesthetists of Great and Ireland 2008, Australian and New Zealand College of Anaesthetists 

(ANZCA)). Our previous research suggests that current clinical practice may involve actions 

that would be considered unacceptable in pharmacy compounding (e.g. removing syringe caps 

from prefilled syringes and exposing the tip to the environment)(Gargiulo et al 2012) .  

To confirm our findings (Gargiulo et al 2012) in the clinical setting, a method of capturing and 

identifying potential microbiological contamination without harm to patients or substantive 

change to current drug administration practice is necessary. This does not seem to have been 

investigated before and presents some technical challenges. Incorporation of a filter unit (FU) 

(BBraun, Australia) (see Figure 1) into the intravenous (IV) administration line would capture 

all micro-organisms greater than or equal to 0.2μm in size i.e. bacterial and fungal cells and 

spores. This FU is in clinical use in New Zealand hospitals in the administration of epidural 

drugs and is constructed of a combination of acrylonitrile-butadiene-styrene, polyamide 6.6, 

and polyethylene.  

 

Figure 1: The commercial 0.2μm filter unit (BBraun, Australia) 

Study intervention 

This laboratory-based study will develop a method of capturing and enumerating different 

concentrations of micro-organisms loaded onto a series of FU.  



Appendix III 

Page | 247  

Rationale for the study 

This study follows on from previous research carried out in the Advanced Clinical Skills 

Centre simulation centre at Mercy Hospital in Auckland (Gargiulo et al 2012) with the  

intension of confirming these results in the clinical setting. Ultimately we aim to monitor the 

contamination of IV drugs by anaesthetists and to prevent the injection of micro-organisms 

into their patients.  

Aim 

In the current study my aim is to develop and validate a method for the capture and 

enumeration of contamination of drugs prepared and administered for anaesthesia in the OT. 

This method is centered on using FU in patients IV lines. 

Previous research  

A literature search identified no previous studies that examined the use of a filter unit in 

detecting microbiological contamination in the OT. Databases searched were MEDLINE , 

Google Scholar and EMBASE using a combination of the following terms: ‘microorganisms’, 

‘bacteria’, ‘filter’, ‘filter unit’, ‘membrane’, ‘back-flush’, ‘elution’, ‘membrane filtration’ and 

‘contamination’.  

Filtration has been used in the past to remove impurities from water (Goyal and Gerba 1980), 

food (Peterkin and Sharpe 1980) and even 17th century parchment and mummified remains 

(Valentin 1990). The use of in-line filters to prevent bacterial and particulate contamination 

when administering intravenous fluids, especially intravenous nutrition, is well documented 

(Allcutt et al 1983, Bethune et al 2001, Tyagi et al 2003), but is not routine in all clinical 

settings. 

Summary 

Healthcare-associated infection remains a major problem in every surgical service in the world. 

Simple initiatives have been shown to improve rates of infection. The potential contribution of 

anaesthetic personnel in the injection of micro-organisms while in the process of administering 

anaesthetic drugs to the genesis of subsequent infection has not been assessed. Therefore, we 

aim to quantify the microbiological contamination of drugs by anaesthetic personnel during 

their preparation and administration in the OT (Qbugs study) by incorporating a commercial 

FU into the administration line. The FU will be back-flushed (a volume of test solution will be 
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flushed in the direction opposite to conventional fluid flow) in the laboratory using the method 

outlined in the current study.  
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Addendum B: Filter unit (FU) clinical testing protocol. 

Method (at the study site either the PI or an anaesthetic technician will): 

1. Collect the Qbugs setup equipment bag from the PI or study cupboard, take to the 

appropriate theatre and follow the instructions in the bag (see ‘Qbugs set up 

instructions’ attached to the protocol). 

2. See the assembled Qbugs setup in Figure 1. Prime the lines aseptically (See Table 1). 

 

Figure 1: Proposed clinical set-up for the giving (injection) port (i) and filter unit (ii) 

Table 1: The fill volumes (mL) according to manufacturer’s product information sheets 

of the proposed clinical set up 

Consumable Fill volume (mL) 

Injection port (i) 0.11 
Filter unit (ii) 0.45 

Two-way extension (white) line (iii) 0.6 

TOTAL 1.16 

 

iii 

ii 

i 
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3. At the end of the case or at a point to be determined the Qbugs setup will be placed 

into a sealable plastic bag and removed for further study. 

4. Syringes will be collected in the following manner (see Figure 2). 

4.1 Residual volumes of controlled drugs will be expelled into the ‘sharps’ containers 

located in the OT. These include (but are not limited to) morphine, pethidine, 

fentanyl, alfentanyl, ketamine, midazolam, ephedrine and diazepam. 

4.2 Any that are closed with a syringe cap or needle and cap by the participants will 

be labelled as such. Those that are uncapped will be capped by researcher.  

4.3 The articles collected will be kept at room temperature until analysed in the 

laboratory at MMP (see ‘syringe and needle test protocol’ in Addendum C). 

 

Figure 2: Syringes with residual volume (i, ii, iii and iv) will be collected; ii and iii 

will be capped by researchers. Needles (v and vi) will not be collected. 
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Addendum C: Syringe testing protocol 

1.0 Method (at study site) 

1.1 Used syringes will be collected from the study site at the end of each case. 

a. Residual volumes of controlled drugs will be expelled into the ‘sharps’ containers 

located in the OT. These include (but are not limited to) morphine, pethidine, 

fentanyl, alfentanyl, ketamine, midazolam, ephedrine and diazepam. 

b. Both pre-filled and syringes drawn up by the participants will be collected. 

c. Needles, ampoules or vials will NOT be collected. 

1.2 For ease of transport the syringes will be closed as follows. 

i. Syringes with needles and caps attached will not be disturbed. 

ii. Syringes with no syringe cap will have a sterile white syringe cap attached. 

iii. If there are syringes with syringe caps or needles still attached these will be 

annotated or labelled by the researchers (marked = anaesthetist, unmarked = 

researcher). 

1.3 All syringes will be placed into a labelled plastic bag and removed for further analysis. 

2.0 Method (at laboratory, MMP, UoA) 
2.1 Syringes with residual volume equal to or greater than the size of the actual syringe (e.g. 

= or > 2.5mL in a 5mL syringe) but not propofol. 

a. Remove transport closure 

b. Filter contents of syringe through a sterile 0.2μm membrane 

c. Plate membrane onto a BA plate, incubate 72hrs at 28oC 

d. Re-streak any growth directly onto a BA plate, incubate 72hrs at 28oC. 

e. Take plate to LabPlus at ACH for micro-organism identification 

f. Control 10mL WFI 

2.2 Syringes with no residual volume or residual volume less than half the size of the actual 

syringe (e.g. <2.5mL in a 5mL syringe) and all propofol syringes. 

a. Remove transport closure 
b. Draw up volume of TSB equal to remaining syringe volume or half size of actual 

syringe and cap with sterile syringe cap 

c. Incubate with shaking at 28oC for up to 7 days 

d. If contamination present in syringe i.e. a turbid solution, add contents of syringe 

to a 5mL sterile tube 

e. Streak a loop onto BA plate, incubate at 28oC for 72hours 
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f. Take plate to LabPlus at ACH for micro-organism identification 

g. Control 2.5ml WFI, 2.5ml TSB in 10mL syringe and cap  
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Addendum D: Quality assurance FU/FMU blank testing 

 

Objective: to provide evidence that the Q-bugs back-flushing method does not introduce 

contamination. 

 

Method:  

1. A 10mL sodium chloride 0.9% (intravenous) volume will be flushed through the FU 

(see figure 1).  

 

 

 

 

Direction of flush 

Figure 1: FU flushed with 10mL of sodium chloride 0.9% intravenous 

2. A 20mL volume of the test solution (TSB, 1% Tween 80 and Peptone water) will be 

used to back-flush with turbulencei a ‘flushed’ FU once (see Figure 2).  

  

                                                 

i Back-flushing ‘with turbulence’ involves pulsing the plunger of the syringe while pushing the plunger into the 
syringe barrel 

0.2 μm filter unit 
10mL syringe with 10mL sodium 

chloride 0.9% intravenous 
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Direction of back-flush 

Figure 2: Back-flushing the ‘flushed’ FU 

The volume back-flushed from the contaminated FU will be collected in a sterile 20mL syringe 

and pushed through a sterile filter membrane unit (FMU) containing a sterile 0.2μm membrane 

(see Figure 3). The eluate will be collected, incubated at 37oC for 24-48 hours and any growth 

identified by streaking onto a BA 9F

j plate. Three membranes will each be placed onto a separate 

BA plate, incubated at 37oC for 24-48 hours and any micro-organisms enumerated. All results 

will be tabulated. A glove print of the operators’ right-hand glove will be imprinted onto a BA 

plate at the end of each session as part of the quality assurance programme. 

 (a)   (b) 

Figure 3: the filter membrane unit10F

k (a) assembled (b) deconstructed 

 

                                                 

j Blood agar (BA) plates contain 5% sheep blood and agar in a sterile petrie dish (Fort Richards, NZ) 
k Purchased from Pall Corporation, Washington, US and sterilised in-house. See Appendix II, page 188. 

Syringe tip connector 
‘Flushed’ FU

Syringe containing the test solution 
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3. This method will be carried using up to 10 FU at one time and repeated at specified 

intervals in the collection of the Q-bugs cases i.e. approximate case numbers 150, 200, 

250 and 300 until up to 40 FU have been used. If the Q-bugs study is halted at any stage 

the QA blank testing will also stop. 

 

Consumable Number required 

Blue gown, hat and gloves 1 each 

AZO wipes 1 OP 

20mL syringe 20 

50mL falcon tube 10 

18G needles 20 

BA plate 4+1 

FU 0.2μm 10 

FMU and 0.2μm filter membranes  10 

Syringe tip connectors 10 

Syringes 10mL 10 
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Addendum E: Study equipment 

The equipment used for the clinical investigation is described in Table 1 and was purchased 

sterile.  

Table 1: Study equipment. 

Name Description Manufacturer 

Filter unit 0.2μm, epidural, flat (Periflix™)  
(Addenda A, Figure 1) 

B. Braun Melsungen 
AG, Germany 

Injection port With needle-free valve (SmartSite™) 
(Addenda B, Figure 1)  

Carefusion, Australia 

Sodium 
chloride 0.9% 

3mL, prefilled syringe (Posiflush™)  Becton Dickinson, 
Australia 

Y-connector 
IV set 

Two-way extension set with one 8cm 
(0.5mL volume) length and one 10cm 
(0.6mL volume) length with anti-syphon 
valve and a back-check valve  
(Addenda B, Figure 1) 

Carefusion, Australia 
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QDoc-2: Participant invitation letter 
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QDoc-3: Participant information sheet 
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QDoc-4: Participant consent form 
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QDoc-5: Case demographics and baseline data form 
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QDoc-6: Patient information sheet 
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QDoc-7: Serious adverse event form 
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QDoc-8: Health and Disability Ethics Committee approval letter 
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QDoc-10: Case completion questionnaire 

 
  



 

 

QDoc-11: Set-up instructions 
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QDoc-12: Information sheet for research board 
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QDoc-13: QA testing FU/FMU blank laboratory worksheet 

Date testing carried out: 

FU 

number 

FMU filtrate  
(20mL, incubated at 37oC for 

24hrs) 

Membrane  
(on a BA plate, incubated at 37oC for 

24hrs) 

Membrane  
(on a BA plate, incubated at further 

28oC for 7 days) 
1    

2    

3    

4    

5    

6    

7    

8    

9    

10    

 

FMU bubble point 
tests  

Comments  

 

Glove print result  Date:  

 
TSB/Tw/PW = sterile Tryptic Soya Broth, 1% Tween 80 & 1% Peptone water 
FU = filter unit 
FMU = filter membrane unit 
NG = No growth 
CFU = colony forming unit 
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Appendix IV: Supplementary documentation (for Chapter 6) 

 

Document number Title Version 

ZDoc-2 Information sheet/recruitment notice for research board 

(cardiac) 

Draft 

ZDoc-3 Zbugs setup instructions (cardiac) FINAL 

ZDoc-4 Zbugs setup instructions (hip and knee) FINAL 

ZDoc-5 Participant invitation letter Draft 

ZDoc-6 Participant information sheet Draft 

ZDoc-7 Participant consent form Draft 

ZDoc-8 Patient information sheet  Draft 

ZDoc-9 Surgeons information letter (cardiac) Draft 
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ZDoc-2: Information sheet for research board (cardiac) DRAFT 
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ZDoc-3: Set-up instructions (cardiac) FINAL 
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ZDoc-4: Set-up instructions (hip and knee) FINAL 
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ZDoc-5: Participant invitation letter. DRAFT 
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ZDoc-6: Participant information sheet. DRAFT 
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ZDoc-7: Participant consent form. DRAFT 
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ZDoc-8: Patient information sheet. DRAFT 
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ZDoc-9: Surgeons information letter (cardiac). DRAFT 
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