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4. Plain English summary 

 

Catheters are very important for the treatment of patients in critical care but provide a route of entry 

for bacteria and other micro-organisms into the bloodstream, and are frequently associated with 

serious infections. These infections increase patients‟ discomfort, length of stay in hospital, the cost 

of their treatment and risk of death. 

 

Education is important for ensuring that hospital staff understand how to maintain hygiene and 

follow practices that reduce the risk of infections. Education may be part of a “care bundle”, 

alongside other activities designed to reduce infections. Types of education are very diverse, 

ranging from simple leaflets or posters to seminars and group discussions and complex strategies 

designed to encourage staff to follow more hygienic procedures. Although some of these education 

strategies can prevent infections and potentially save lives, the effectiveness of most has not been 

evaluated in detail, especially whether infection prevention can be maintained in the longer term, 

and whether education carried out in one critical care setting is applicable to other settings. 

 

This project (an evidence synthesis) will rigorously and systematically assess the evidence to 

determine which types of educational intervention can help prevent infections in critical care 

patients who have a vascular catheter, whether they can maintain long-term prevention of 

infections, and whether they are cost effective. To address the difficulty of evaluating complex 

educational strategies, the project will employ an evidence mapping technique that can help to 

visualise the different parts of complex strategies and enable them to be assessed and compared. A 

decrease in the frequency of catheter-related bloodstream infections will be the key measure of the 

effectiveness of education. Where available, information will also be collected on the extent to 

which education strategies are followed and implemented by nurses and doctors.  

 

This project will help the NHS to implement educational procedures for reducing infections that are 

the most effective and the best value for money. The project is particularly relevant to a strategy 

that was implemented during 2009-2011 in critical care units in some NHS trusts in England. The 

strategy, known as „Matching Michigan‟, was originally developed in the USA and has not 

previously been evaluated to see if it has similar findings in the UK. The project will link to the 

Matching Michigan team in England to ensure that the assessment of cost-effectiveness is directly 

relevant to NHS trusts in England. The findings of this project could assist future planning of 

infection prevention strategies related to Matching Michigan.  

 

 

5. Decision problem 

 

The aim of this health technology assessment project is to assess the clinical effectiveness and cost 

effectiveness of different educational schemes for preventing catheter-related bloodstream 

infections (CRBSI) in patients in critical care. Initial scoping searches for this project suggest that 

research on educational interventions for preventing CRBSI appears to be mostly from studies that 

may not have optimal study designs and may not be representative of critical care settings and 

practices in the UK. Uncertainty remains about the extent of the evidence and effectiveness of 

interventions. There is therefore a need to systematically synthesise all relevant evidence about 

these educational interventions to clarify their effectiveness, strengths and limitations, and their 

relevance to the NHS. Results of this evidence synthesis will help to inform future research and 

policy for implementing educational infection prevention schemes. 
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6. Background 
 

6.1  Catheter-related bloodstream infections (CRBSI) in critical care 

Intravascular catheter placement is an important cause of bloodstream infections (BSI) [1][2], and is 

the commonest source of hospital-acquired bacteraemia in hospitals in England [3]. Catheter-related 

bloodstream infections (CRBSI) are a particular problem in critical care due to the high frequency 

of intravascular catheter placement and increased susceptibility to infections among critical care 

patients. CRBSI are associated with morbidity and, especially in paediatric critical care, also 

mortality [4]. Estimates of the additional length of stay per CRBSI episode in UK critical care units 

have ranged from 1.9 days [5] to 11 days [6]. Due to a lag in the publication of infection rates, there 

is uncertainty as to whether these published data are representative of current rates of CRBSI in UK 

critical care units.
1
  

 

CRBSI result from inadequate hygiene and suboptimal catheter management procedures. These 

include among others inadequate hand hygiene of hospital staff, inadequate skin hygiene at the site 

of patients‟ catheter insertion, suboptimal location of catheters, and unnecessary placement of 

catheters. CRBSI are believed to be largely preventable following work in the UK that has 

successfully reduced the number of cases of MRSA BSI. It has been proposed that the majority of 

CRBSI could be prevented using evidence-based educational interventions to ensure that doctors 

and nurses are committed to a culture of safety and follow best practice to achieve this [7][8].  
 

6.1.1 Definitions of CRBSI  

Various definitions and terms are used, and sometimes confused, in the literature to describe a 

bloodstream infection that has developed as a consequence of an indwelling intra-vascular catheter. 

To define CRBSI (sometimes also referred to as CRBI), both a percutaneously-drawn blood culture, 

and a catheter tip culture (or blood drawn through the catheter itself) should quantitatively or 

semiquantitatively confirm the same organism up to 48 hours after removal of the catheter, together 

with clinical manifestations of systemic infection (e.g., fever, chills, hypotension) [9, 10].  

 

Catheter-associated BSI (CABSI), sometimes also referred to as CABI or central line associated 

bacteraemia (CLAB), are defined as all BSI in patients with central venous catheters (CVC) after 

excluding other sites of infection by medical review [9, 10]. CLAB means a bloodstream infection 

with no other apparent focus of infection where a central line (i.e. CVC) has been in situ within 48 

hours of the event. 

 

According to these strict definitions, CABSI overestimates the true incidence of CRBSI. However, 

these definitions are not always rigidly adhered to.  

 

These various definitions make direct comparison of rates of infection difficult and at times 

misleading, and care will be taken when reviewing studies that report rates of infection based upon 

the different definitions. The Matching Michigan project provides clear quantitative criteria for 

defining CABSI, CRBSI, and catheter-suspected BSI; these may assist classification of infections in 

the current work. 

 

 

 

________________________________________________________________________________ 
1
 Recent unpublished data from UK critical care units suggest that CRBSI rates may in some cases be much 

lower than those reported in the published literature (Dr D. Wyncoll, personal communication). In the 

current project, as indicated in section 8.2, the most relevant data to UK critical care units will be used to 

evaluate cost-effectiveness of educational interventions.  
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6.1.2 Diagnosis of CRBSI 

Diagnosis of CRBSI is made in various ways, depending upon both local clinical practice and, for 

infection surveillance purposes, the definition of infection in use. Diagnostic criteria for 

surveillance purposes are rigorously applied and take account of multiple factors including: 
 

 

 The number of blood culture specimens performed, and whether these cultures are 

percutaneously-drawn, or drawn via the CVC 

 Whether the CVC has been removed, and if so whether culture of the line tip demonstrates 

significant quantities of the same micro-organism as is detected in percutaneously-drawn 

blood 

 Identification of a known pathogen in a single blood culture, or a common skin organism 

identified in two or more sets of blood cultures 

 Presentation of identified signs of systemic infection in a patient, linked to one or more 

positive blood cultures 

Use of different definitions of infections can dramatically alter the reported infection rate unless 

they are aligned with clinical practice. For example, if clinical practice is not to send a CVC line tip 

to the laboratory for culture, or to draw only a single set of percutaneous cultures, then any 

definition requiring catheter-tip culture or more than one set of cultures will never be met, 

potentially giving an artificially low infection rate. However, provided that an infection definition is 

applied consistently over time, then the impact of interventions aimed at improving practice and 

reducing infection rates should still be reliably demonstrated. Care will be taken when reviewing 

studies to ensure that infection definitions have been applied consistently. 

 

6.1.3 Impact of CRBSI on patients and health services 
CRBSI increases patients‟ discomfort and length of stay in hospital [6] and their risk of health 

complications and death [4]. Complications include acute respiratory distress syndrome, 

disseminated intravascular coagulation, acute renal failure, and shock [7]. However, data on 

mortality, quality of life and long-term prognosis specifically related to CRBSI are not available for 

the UK. Recent estimates of the mortality rates of patients with CRBSI in critical care units in 

France, Germany and Italy ranged from 11% to 17.1% [5]. The most recent (2009) estimate of the 

financial impact for the NHS suggests that annual costs related to CRBSI in intensive care units are 

£19.1 to £36.2 million [5].  

 

6.2  Educational interventions for preventing CRBSI 

 

6.2.1 Definition of educational interventions 

 

In general, educational interventions involve the communication of information to a specific target 

group for one or more of the following purposes: to raise awareness; to enhance or improve 

knowledge; or to change behaviour [11]. Educational interventions for preventing CRBSI ideally 

should include behaviour modification components underpinned by relevant theory [12]. For the 

purposes of this project our working definition of an educational intervention is any intervention 

that aims to prevent CRBSI and: (a) includes at least an element of factual information provision 

related to that aim; (b) is described by the authors as educational; or (c) is described by the authors 

as behavioural. Project scoping searches indicated that behaviour-modifying interventions to 

prevent CRBSI are often called “educational” rather than “behavioural” interventions, and 

behaviour modification components of interventions are not always mentioned in the titles and 
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abstracts of studies. We define educational interventions broadly in this project to ensure that 

relevant behavioural interventions are not missed at the study selection step.   

 

6.2.2 Types of intervention 

Educational interventions for preventing CRBSI have been trialled in critical care settings in many 

countries and vary considerably in their content and complexity. They range from the provision of 

simple fact sheets and posters [13] to complex interventions comprising multiple behavioural 

components [14]. Interventions differ in the number and duration of education components, whether 

they are didactic or interactive, and whether surveillance and performance feedback are also 

present. Interventions that contain several different elements which together aim to achieve a 

particular outcome are referred to as „multi-faceted‟, „multi-component‟, or „bundled‟ interventions 

[15]. Multi-faceted educational interventions that have been developed for preventing CRBSI 

include the Michigan project in the USA [16] and the NHS Central Venous Catheter Care Bundle 

[17]. These include, among others, specific components for ensuring staff hand hygiene, patient 

skin hygiene, appropriate choice of catheter type and insertion site, and appropriate ongoing 

catheter care.      

 

6.2.3 Current usage in the NHS 

To address the prevention of CRBSI, the NHS has recently developed „Saving Lives‟ tools [18] 

which include the „High-Impact‟ care bundles for central venous catheters and peripheral 

intravenous cannula [17]. These bundles are based on „EPIC-2‟ guidelines [19], which stress the 

importance of education of hospital staff for successful implementation of infection control 

programmes. However, in the EPIC-2 guidelines there is a lack of evidence on the types of 

educational interventions that are most appropriate and effective, and the guidelines do not make 

any recommendations that specifically relate to critical care settings. EPIC-2 guidelines are also 

inconsistent with US guidelines [9] in interpreting the quality of evidence. Following a 

recommendation in the Darzi Report [20], during 2009-2011 the UK National Patient Safety 

Agency implemented an initiative known as „Matching Michigan‟ [8, 21] to reduce CRBSI, based 

on a care bundle that has successfully reduced CRBSI in over 100 intensive care units (ICU) in the 

Michigan study in the USA [16]. However, the original study in the USA was not randomised and 

did not assess the importance of the education strategy in the effectiveness of the overall care 

bundle [16]. Guidance is needed from the wider literature on how to implement educational 

strategies to optimise the clinical effectiveness and cost effectiveness of this and other related 

bundled interventions, but the evidence to support such guidance has not been critically synthesised. 

 

 

7.  Planned investigation 

 

7.1  Existing research 

 

7.1.1 Clinical effectiveness of educational interventions 
Studies have suggested that the introduction of interventions involving staff education alone or in 

combination with performance feedback can reduce the frequency of CRBSI in ICU by 40% to 89% 

[16, 22-29]. Various multi-faceted interventions involving staff education alongside other strategies 

have also been shown to reduce the frequency of CRBSI in ICU [e.g. 30-32]. However, most of the 

evidence has not been critically appraised and appears to be mainly from non-randomised studies of 

relatively short duration. These may give an over optimistic picture of infection control, as they do 

not consider longer-term attenuation of the effectiveness of interventions. Some multi-component 

bundled interventions involving staff education in critical care may provide sustained (3-year) 

reductions in infections [33], whereas other bundled interventions appear to have had no effect [34]. 

Although prevention of infections in some critical care units may be enhanced using staff 
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interventions with education reinforcement, surveillance, performance feedback and process control 

[e.g. 23], the cost effectiveness and wider generalisability of these is unclear. Strategies that 

combine both education and behaviour change stimuli would be expected to have greater impact, by 

providing a paradigm in which education includes components to target change in the knowledge, 

beliefs and skills which influence practice [35, 36]. However, health agencies also have to consider 

how to avoid overwhelming staff with new initiatives and deal with competing demands for safer 

care with higher throughput [9], particularly as increased staff workload negatively affects the care 

of critically ill patients [37]. The most complex interventions might not therefore necessarily be the 

most clinically and cost effective [38].  

 

7.1.2  Cost effectiveness of educational interventions 
Based on the estimated annual costs of CRBSI to the NHS above [5], the potential cost reduction to 

the NHS that could be made by preventing CRBSI would clearly be substantial. The costs of 

implementing educational interventions to achieve this however are rather unclear. The Michigan 

intervention [16] could prevent up to 15 deaths and save around $2 million annually in one 

intensive care unit (ICU) based on rates of CRBSI in the USA [39] (which might not be 

representative of current rates of CRBSI in the UK – section 6.1), but there are many uncertainties 

about how to transfer this type of intervention to UK practice. For example, it is unclear whether 

interventions tested in ICU in specific localities are generalisable to different geographic regions 

and healthcare systems, and whether education reinforcement works in situations of high staff 

turnover and staff shortage as often occur in the UK. The purported simplicity and cost of some 

interventions is also questionable, for example the Michigan intervention was described as simple 

and inexpensive but appears to require the delivery of at least 16 lectures by trained staff [39], the 

overall cost of which has not been explored. 

 

7.1.3  Evidence scoping 
Scoping searches for this proposal (which are likely to underestimate the true extent of the 

evidence) identified more than 20 prospective cohort studies of potentially relevant educational 

interventions (some of which are cited above) but no randomised controlled trials (RCTs). Eight 

potentially relevant narrative reviews were identified in scoping, but no systematic reviews have 

directly assessed the clinical effectiveness of educational strategies for preventing CRBSI in critical 

care. The most relevant systematic reviews in related areas have investigated: the effectiveness of 

bundled behavioural interventions to control healthcare associated infections (not limited to 

education, CRBSI or critical care) [14]; the effectiveness of interventions for preventing CRBSI in 

critical care (not limited to education or behavioural interventions) [40]; and educational 

interventions for preventing healthcare associated infections (not limited to educational or 

behavioural interventions, CRBSI, or critical care) [41].  

 

None of these systematic reviews included economic analyses. Most of the available information on 

the economic impact of CRBSI in critical care is from work conducted in the USA [22, 42]. A 

recent brief narrative review of epidemiological studies, referred to above [5], provides an insight 

into the economic burden of CRBSI in critical care in European countries including the UK but, due 

to a shortage of information on costs, its findings are based on numerous assumptions and 

uncertainties.   

 

The scoping search highlights the need for an evidence synthesis assessing both the clinical and cost 

effectiveness of educational interventions for preventing CRBSI in critical care, to assist decision 

making in the NHS.  
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7.2 Research objectives 

 

The aim of this project is to conduct an evidence synthesis of the clinical and cost effectiveness of 

educational interventions aimed at hospital staff in critical care (doctors and nurses) for preventing 

CRBSI. An economic model will be devised by adapting an existing cost effectiveness model or 

constructing a new one using the best available evidence to determine cost effectiveness in a UK 

critical care setting. The project aims also to provide recommendations that will be sufficiently 

specific to be of use to those implementing infection-prevention strategies in the NHS and for 

further research. 

 

The main objectives will be as follows: 

 

1. To systematically review: (a) the clinical effectiveness; and (b) the cost effectiveness of 

educational interventions for the prevention of CRBSI. 

 

2. To use an evidence mapping approach to describe the scope of the clinical effectiveness evidence 

base in terms of the different types of educational interventions, critical care settings, study designs 

and their theoretical basis, types and duration of education reinforcement, and outcomes reported 

including evidence of sustainability of effect. The evidence map would: (a) provide an overview, 

classification and characterisation of relevant educational interventions to enable complex 

interventions to be visualised and, where appropriate, compared; (b) provide a classification and 

report of other key study attributes, for example illustrating how CRBSI and CABSI are defined and 

applied in the studies; and (c) use recognised criteria to screen studies in terms of their relevance to 

the NHS. 

  

3. To apply the evidence mapping exercise results to prioritise a subset of studies of highest 

relevance for detailed appraisal in the systematic review of clinical effectiveness. 

  

4. To develop a decision analytic model to determine and compare cost effectiveness of relevant 

groups of interventions and settings identified through evidence mapping, either by adapting an 

existing economic model or constructing a model for the UK de novo. 

 

5. To identify future research needs and make specific recommendations about the implementation 

of educational interventions for preventing CRBSI that are relevant to service users in the NHS. 
 

 

8. Research methods 

 

The project will involve a systematic review of the clinical effectiveness (section 8.1) and a 

systematic review and economic evaluation of the cost effectiveness (section 8.2) of educational 

interventions for preventing CRBSI in critical care (Fig. 1). The purpose of the cost effectiveness 

systematic review will be twofold: to assess whether an appropriate economic evaluation has been 

undertaken and, if not, to provide evidence to develop and populate a de novo economic evaluation. 

 

8.1  Systematic review of clinical effectiveness 

 

8.1.1  Literature search 

Literature will be identified from several sources including:  

 



Version 2                                                                                                                                                 HTA No.  09/01/25

  

 

 8 

1. General health and biomedical databases including BIOSIS, the British Nursing Index, 

CINAHL, EMBASE, MEDLINE, the Science Citation Index, and the Social Sciences 

Citation Index (also others if considered relevant); 

 

2. Specialist electronic databases (e.g. the Cochrane Library; Database of Abstracts and 

Reviews of Effectiveness); 

 

3. Unpublished literature and conference proceedings; 

 

4. Contact with individuals with expertise in the field; 

 

5. Checking of reference lists; 

 

6. Research in progress databases (e.g. the UKClinical Research Network website, Current 

Controlled Trials, and Clinical trials.gov); 

 

7. Relevant websites identified by the project team and Advisory Group. 

 

All databases will be searched from their inception to the current date. Hand searching will focus on 

key journals and meeting abstracts published in the past two years, with the key journals identified 

in consultation with experts and from analyses of search results. Based on the scoping searches, we 

do not envisage that many non-English-language studies will be found (studies conducted in other 

countries were usually reported in English). We will include relevant non-English language as well 

as English language studies in the project, irrespective of their geographical location. The search 

strategy will be developed and applied by an experienced information specialist to ensure that as 

many relevant foreign language studies as possible are identified. Where required, translation will 

be done by native speakers of the language within the project team‟s research institutions. If an 

excessive number of foreign language studies requires translation, we will contact the HTA 

Programme to advise of the situation, in case provision of additional resources is considered 

appropriate.  

 

A comprehensive database of relevant published and unpublished articles will be constructed using 

Reference Manager bibliographic software. 

 

8.1.2  Inclusion criteria and search strategy 
Inclusion criteria for the systematic review of clinical effectiveness will be based on the PICOD 

scheme (Population, Intervention, Outcome, Comparator, Design) and are shown in Table 1. 

Inclusion criteria for the systematic review of cost effectiveness are reported below (section 8.2). 

Note that although the target for educational interventions is critical care staff (doctors and nurses), 

it is the patients that are the relevant population for inclusion in evidence synthesis. This is because 

the relevant primary outcomes (CRBSI) are reported for patients.  

 

Care will be taken to ensure that the search strategy can adequately capture educational 

interventions, given that these may be very diverse, inconsistently or poorly reported, or that 

education may make up a relatively small component of multi-faceted interventions. The search 

strategy will also be developed to capture the different possible variants, acronyms, synonyms and 

definitions of catheter-related bloodstream infections (including CRBSI, CABSI), taking into 

consideration that these might not have been used consistently and correctly in the literature. A 

search strategy for studies of cost effectiveness will also be developed, following standard 

procedures (section 8.2).  
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Understanding how and why interventions work is an integral part of the appraisal of complex 

interventions [43]. Process evaluations and secondary outcomes (e.g. knowledge, behaviour, 

attitudes or compliance of staff) may help to explain intervention mechanisms. Process evaluations 

and secondary outcomes will be included provided that relevant primary (infection) outcomes are 

also reported (Table 1). If reported in sufficient detail, process evaluations will be assessed 

following a systematic approach, to be agreed by the project team (e.g. an approach employed in a 

recent synthesis of evidence on sexually transmitted infections [44] may be suitable).  

 

Table 1  Inclusion criteria for the systematic review of clinical effectiveness 

Participants (P) 

 

Patients in any critical care units who receive vascular catheters of 

any type whilst in critical care (including tunnelled and non-tunnelled 

catheters, subcutaneous catheter ports, peripherally inserted central 

catheters and cannula) for any medical purposes.  

Intervention (I) Any educational interventions for preventing CRBSI in critical care 

as defined in section 6.2.1. Studies that do not explicitly state an aim 

to prevent infections, but which report educational interventions that 

could prevent CRBSI in critical care, will be included if they meet the 

other inclusion criteria and report relevant outcomes.  

Comparator (C) Relevant comparators are: usual care (no active intervention) or any 

educational intervention that differs from the primary intervention in 

one or more educational components.  

Outcomes (O) Primary outcomes will be used for study selection decisions.  

Primary outcomes: (1) The frequency of catheter-related bloodstream 

infections, expressed as infection rates per device-days (usually 

expressed as BSI per 1000 catheter-days), per hospital-days, as a 

proportion of the study population, or relative to a comparator. Any 

related infection definitions will be accepted for inclusion screening 

(e.g. CRBSI, CABSI) as the accuracy and appropriateness of these 

will be scrutinised at the evidence mapping step. (2) Mortality due to 

CRBSI. 

Secondary outcomes: These will be assessed if relevant primary 

outcomes are reported, and may include: knowledge; attitudes; 

behaviour; and compliance of critical care staff. 

Process evaluations: These will be assessed if relevant primary 

outcomes are reported. 

Design (D) 

 

Interventional studies only. Randomised controlled trials, non-

randomised or quasi-randomised controlled clinical trials, prospective 

cohort studies, retrospective cohort studies, controlled before-after 

studies, and interrupted time series studies will be included if they 

evaluate a relevant intervention. Case-control studies, case series, 

cross-sectional studies, and descriptive studies will be excluded. 

Where there is evidence from different types of study design for a 

specific intervention, only those studies with the most rigorous 

designs will be included and data extracted. 

 

 

The study designs which will be included are not limited to controlled trials (Table 1). This is 

because in a scoping exercise much of the evidence found was from cohort studies. For the 

systematic review of cost-effectiveness, studies will only be included if they report the results of 

full economic evaluations [cost-effectiveness, cost-utility, cost-benefit or cost-consequence 

analyses]. 
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8.1.3  Study selection 

Studies will be selected for inclusion through a two-stage process using the pre-defined and explicit 

criteria outlined in Table 1. The full literature search results will be screened by two reviewers to 

identify all citations that may meet the inclusion criteria. Full manuscripts of all selected citations 

will be retrieved and assessed by two reviewers against the inclusion criteria.  Studies published as 

abstracts or conference presentations will only be included if sufficient details are presented to 

allow an appraisal of the methodology and the assessment of results to be undertaken. To ensure 

that studies are screened consistently, an inclusion decision checklist will be developed and used for 

each manuscript assessed. Any disagreements over study inclusion will be resolved by consensus or 

if necessary by arbitration by a third reviewer.  

 

8.1.4  Evidence mapping 

All studies that meet the inclusion criteria will be entered into a mapping exercise in order to clarify 

the structure of educational interventions and identify those that are potentially of most relevance to 

the NHS.  

 

The mapping exercise is summarised in Fig. 2 and will follow principles developed by the Global 

Evidence Mapping Initiative [45] to classify and summarise the evidence base as well as guidance 

from the Medical Research Council [43] and the National Institute for Health and Clinical 

Excellence (NICE) [46] on the reporting and evaluation of complex interventions. The key 

objectives of this step will be to: (a) provide an overview, classification and characterisation of 

relevant educational interventions to enable complex interventions to be visualised and, where 

appropriate, compared; (b) provide a classification and report of other key study attributes, for 

example illustrating how CRBSI and CABSI are defined and applied in the studies, and whether 

studies included process evaluations, information on potential facilitators or barriers to 

implementation, or other secondary outcomes; and (c) identify studies that are of most relevance to 

the NHS which should be prioritised for full evidence synthesis. The mapping exercise will be 

conducted as follows (Fig. 2):  

 

1. With assistance from the Project Advisory Group (section 10), the characteristics of studies to be 

included in the descriptive map will be determined and made into a list;  

 

2. In a pilot exercise involving two researchers, keywords will be developed that reliably and 

reproducibly describe each of the study characteristics in the list; 

 

3. Each included study will be mapped by one researcher and the agreed keywords relevant to 

describe the characteristics of each study will be entered into a Microsoft Excel or Access database 

such that study interventions and keywords can be cross-tabulated;  

 

4. Keyword assignments and database entries for each study will be checked by a second 

researcher; 

 

5. Entries in the database will be used to concisely summarise the structure and composition of the 

study interventions using numerical, graphical and/or narrative methods where appropriate.  

 

Depending upon the overall quality and quantity of evidence available, the evidence mapping 

exercise could include a preliminary appraisal of methodological quality to help decide which 

studies are prioritised for detailed full evidence synthesis (e.g. based on study design and sample 

size). A thorough appraisal of methodological quality, using risk of bias criteria, will be applied 
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later to those studies that are identified as being of most relevance to the NHS and which proceed 

for full data extraction (section 8.1.5).  

 

8.1.5 Data extraction and quality assessment 
The extraction of studies‟ findings will be conducted by one reviewer and independently checked 

by a second reviewer using a pre-designed and piloted data extraction form to avoid any errors. The 

data extraction form will be based on the PICOD scheme to clearly record and report all relevant 

aspects of the populations (P), interventions (I), comparators (C) outcomes (O), as well as 

methodological aspects of the study designs (D). Any disagreements between reviewers will be 

resolved by consensus or if necessary by arbitration involving a third reviewer. This process will be 

applied to those studies identified in the mapping exercise (section 8.1.4) as being of highest 

relevance in the context of current practice in the NHS. The methodological quality of these 

included studies, including their internal and external validity, will be appraised using established 

criteria for studies of clinical effectiveness [47] and recognised quality assessment approaches for 

studies of cost effectiveness and economic models (section 8.2). Missing information will be 

obtained from investigators of the primary studies if possible, so as to maximise the information 

about the educational interventions that can be extracted from each study. 

 

8.1.6  Data synthesis 

Studies will be synthesised through a narrative review with tabulation of results of included studies.  

If feasible, the results from individual studies will be synthesised through meta-analysis using 

established methods [47], with causes of heterogeneity of results examined.  

 

 

8.2 Economic evaluation 

 

The cost effectiveness of educational interventions in preventing CRBSI in critical care will be 

assessed in two stages: a systematic review of cost effectiveness and development of a decision 

analytic economic model (Fig. 1).  

 

8.2.1 Systematic review of cost effectiveness 

Searches of general health and biomedical databases (as listed in section 8.1.1), specialist electronic 

databases (e.g. the NHS Economic Evaluation Database; the Cochrane Library), and unpublished 

literature and conference proceedings will be carried out to identify relevant studies. The systematic 

review will focus on economic evaluations of educational interventions to prevent CRBSI. To 

inform development of our economic evaluation we will also include any studies that report model-

based economic evaluations of other (non-educational) interventions, if they were published since a 

2007 review of the economics of preventing CRBSI [48]. Experts will be contacted to ask if they 

know of any relevant published or unpublished studies that we have not identified. Studies will be 

included in the systematic review if they are full economic evaluations (cost utility or cost 

effectiveness studies) that report both measures of costs and consequences, and include outcomes 

expressed as CRBSI cases avoided, or life years or quality-adjusted life years gained. The 

methodological quality of included cost effectiveness studies will be appraised using accepted 

criteria for appraising economic evaluations [49, 50]. Studies will be synthesised through a 

narrative review that includes: a clear explanation of the assessment process; a detailed critical 

appraisal of study methods; tabulation of the results of the included studies; a summary indicating 

which data are used in the economic model; and an explanation of any knowledge gaps and 

assumptions. 
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Fig. 1 Overview of the project approach 
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Fig. 2 Overview of the evidence mapping procedure for studies of clinical effectiveness 
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8.2.2 Decision analytic model 

Evidence from both the systematic review of cost effectiveness and the systematic review of clinical 

effectiveness (section 8.1) will be used to develop the economic model. Existing economic models 

of interventions to prevent CRBSI identified in the systematic review of economic evaluations will 

be assessed for their relevance and quality. If these are not suitable, a de novo decision analytic 

model will be developed. Development of model structure will be informed by previously published 

models (such as that developed by one of the applicants [51]) and validated through discussion with 

clinical and methodological advisors. Accepted guidelines for good practice in decision-analytic 

modelling [52] and the general principles outlined in the NICE „reference case‟[53] will be 

followed. Clinical effectiveness parameters in the model will be taken from the systematic review 

of clinical effectiveness. Additional targeted literature searches will be required to populate other 

parameters in the model, such as the baseline risk of CRBSI. Expert opinion will be used where 

suitable data to populate the model cannot be identified from the literature. Where expert opinion 

has been used, this will be clearly identified in the report of the model. 

 

The model will provide a cost-consequences analysis, reporting the costs of alternative educational 

interventions (broken down by key components, such as staff training, administration, consumables 

etc. where possible) and their consequences in terms of patient outcomes, principally any effect on 

the risk of CRBSI. The outcome of the model will be presented as the incremental cost per CRBSI 

avoided. We will consider the feasibility of developing also a cost-utility analysis model 

incorporating final outcomes (life expectancy or quality-adjusted life expectancy – i.e. QALYs). 

This will require estimating excess mortality attributable to CRBSI in patients admitted to ICU and 

the impact of such infections on patients‟ quality of life. The model will adopt a UK NHS and 

Personal Social Services perspective. 

 

The resources necessary for providing the educational interventions will be estimated from studies 

included in the systematic review of effectiveness (section 8.1), and from discussion with expert 

advisors. The costing will concentrate on costing studies that were conducted in health systems with 

similar institutional arrangements to the NHS, and those including educational interventions that are 

similar to those being introduced in the NHS (for example, „Matching Michigan‟). Unit costs will 

be developed based on published evidence, official sources such as NHS Reference Costs [54] and 

Unit Costs of Health and Social Care [55], and from the Costing Unit at Southampton General 

Hospital. Costs will be inflated to current prices as necessary.  If no published data on resource use 

are available, estimates will be based on information from expert advisors.   

 

Uncertainty relating to key parameters will be explored using deterministic and, where appropriate, 

probabilistic sensitivity analyses. If it is feasible to develop a full cost-utility model, probabilistic 

sensitivity analyses will be conducted and the results expressed using cost effectiveness 

acceptability curves (CEACs). The key variables to be explored will include: effectiveness of 

educational interventions, baseline risk of CRBSI, cost and duration of CRBSI, mortality 

attributable to CRBSI, and QALYs.  

 

The model will be developed using standard software including Excel and TreeAge Pro to ensure 

transparency and would be flexible in terms of permitting different estimates to be used for key 

input parameters. Any structural assumptions underlying the model would be transparently 

reported. The model could therefore be updated in response to new information about critical care 

(intensive care) practices. We propose to consult the project's Advisory Group, which will include 

clinicians working in critical care, to identify which of the possible changes in critical care practices 

are likely to be most relevant. This will ensure that appropriate, modifiable, input parameters and 

structural assumptions are included in the model. 
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9.  Project timetable and milestones 

 

The project will take 18 months, commencing 4th January 2011. Twelve milestones and three 

proposed research publications arising from the project are detailed in the full project proposal (see 

also Fig 1). Interim reports will be prepared and submitted at dates to be confirmed by the HTA 

Programme. A final project report will be completed and disseminated by 30 June 2012. 

 

 

10. Advisory Group 
 

Julian Bion – Professor of Critical Care; clinical lead of Matching Michigan project 

Andrew Jackson – Consultant Nurse IV Therapy & Care; Infection Prevention Society 

Annette Richardson – Nurse Consultant Critical Care; British Association of Critical Care Nurses 

Trudie Roberts – Professor of Medical Education; Association for the Study of Medical Education 

Katie Scales – Consultant Nurse Critical care; National Infusion and Vascular Access Society 

Barry Williams – Critical Care Patient Liaison Committee (CritPal) 

Duncan Wyncoll – Consultant Intensivist; Intensive Care Society 
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