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Introduction
The Welsh Government (Roberts, 2021) defines healthcare associated infections as an infection that develops in a patient 48 hours or more post hospital admission. Healthcare associated infections are a worldwide issue. The World Health Organisation (WHO) identified them as one of the most frequent adverse events in healthcare delivery worldwide in 2011. In high income countries, approximately 30% of patients in intensive care units are affected by at least one healthcare associated infection. In low- and middle-income countries, the frequency of ICU acquired infection is at least 2 to 3 times higher than high income countries.
Within Wales, it is a prevalent issue monitored through the Welsh Government and Audit Office. It is noted in the Wales Audit Office (2007) report that approximately £50 million per year is spent on the costs of healthcare associated infections in the NHS in Wales. It has been recorded that 15 to 30% of healthcare associated infections within hospitals in Wales are avoidable, which comes at a significant and unnecessary cost to the NHS and the patient. The Welsh Government initially identified the target to reduce healthcare associated infections in 2011. However, the focus changed from a reduction towards elimination of healthcare associated infections as part of a framework of actions by the Welsh Government in 2014. The Welsh Government (2017) found that a way to reduce and eliminate healthcare associated infections would be through improving antimicrobial prescribing and prevention initiatives. As part of the, report it was identified that in acute hospital sites healthcare associated infections were found in approximately one in 18 patients. Approximately nine in 20 patients who had a healthcare associated infection had a medical device in situ, according to Public Health Wales (2017).
Healthcare associated infections is a broad term to describe multiple hospital-acquired infections. A hospital acquired infection included under the banner of healthcare associated infection is bloodstream infections. Central venous catheters, more commonly known as central lines, are a potential source of bloodstream infections. It has been reported by Public Health Wales (2017) that bloodstream infections account for 9.9% of healthcare associated infections within the acute hospital setting. This is due to patients having more medical devices in situ than in a non-acute environment. Medicines and Healthcare Products Regulatory Agency (2021) define a medical device as equipment or a health care product used solely for the purpose of medicine.   
A system improvement initiative that covers the insertion and maintenance of central venous catheters will help support the Welsh Government’s aim of eliminating healthcare associated infections. The system improvement initiative identified would be in line with part of the government’s way to reduce and eliminate healthcare associated infections as it can be considered a prevention initiative.
It has been documented by Nuckols et al. (2016) that the insertion of a central venous catheter and the period it remained in situ in a patient, the most common complication was catheter related blood stream infections. Stevens et al. (2014) supported this by also highlighting that central venous line associated blood stream infection increases mortality of patients within critical care.
Velasquez Reyes, Bloomer and Morphet (2017) supported this through their systematic review. They found a reduction in catheter related blood stream infections could be achieved through aseptic technique maintained throughout both the insertion and ongoing care and maintenance of central venous catheters, removal of central venous catheters when not being used promptly and selection of a suitable insertion site.  Quality improvement interventions such as an insertion checklist were found by Nuckols et al. (2016)  to reduce catheter related blood stream infection by more than 50%.

The system improvement initiative will therefore look to create a standardised document for central venous catheter insertion and maintenance. This will initially be aimed at adult patients in critical care units across all health boards within Wales. A literature review will be performed looking at relevant studies associated with maintenance and insertion of central venous catheters and also look at patient safety initiatives and their assessment and validation methods.
Literature Review
A systematic literature review has been undertaken to help inform the system improvement initiative. Articles, journals and resources will be identified using keywords and search terminology which relate to central venous catheter care insertion and maintenance. Any resource published after 2016 will be prioritised due to a more recent review of information in relation to this improvement initiative. Any article that has been peer reviewed will be chosen to ensure that the information is accurate and relevant to current practice.
Screening
The initial search for any field containing “central line” obtained 14,836,413 results. A further filter of “AND Any field contains venous catheters” was added. This reduced the results to 62,815. To reduce results further, the next filter added was “AND Any field contains central venous catheters”. This refined the results down to 30,704 results. As the system improvement initiative is looking at maintenance, insertion and reducing infections three filters were added with the condition of “AND any field contains maintenance”, “AND any field contains insertion” and “AND any field contains infection”. To ensure the literature is current, up to date and relevant to the system improvement initiative a further two filters were included. The two filters will ensure the articles are written in the English language and the start date for the articles is no earlier than 1st January 2016. With all these filters applied, the total results is reduced to 989 results. 
On reviewing the articles included in this search, several related to paediatric patients. The support a systematic review of the literature, a further filter of “NOT Any field contains paediatric” was included leading to a reduction in results to 484 results. 
As the filtered articles were reviewed for relevance, the title and abstract were utilised to check for any mention of minimising infection and risk or bundle and care plan used to reduce infection and improve patient safety. It was deemed the filter of “maintenance” and “infection” was too broad a term and was removed. This was done with the aim of focusing the literature filter instead on the risk of infection and the device itself. Therefore, a filter search term of “AND Any field contains bloodstream infection” and “AND Any field contains vascular access was added”. 
As stated previously peer reviewed journals will be used and this will now become a filter on the search. This resulted in results available reducing to 342. 
Exclusion Criteria
Articles that mentioned infections other than bloodstream infection have also been omitted. Articles mentioned infections associated with connecting devices have been omitted due to the source of infection not coming from the actual insertion and maintenance of the devices. 
Any article that mentions peripherally inserted central venous catheter has been omitted as this initiative is looking solely at central venous catheters. 
The filter to include the keyword “insertion” was removed to enable a filter of “NOT Any field contains periph*”. The * was used to allow for periphery, peripheral and other variations to be included in the filtered search. This further reduced the results to 213.
Finalised Screening
On review of all of these results, a finalised list of 7 articles which are relevant to this service improvement initiative were collated for use in the research and development of the service improvement initiative.  This was completed through human screening rather than an automated process. Each result was reviewed for relevance to the system improvement initiative. The screening process involved reading the title and abstract. Results were excluded if they mentioned complications associated with the insertion of central venous catheters or central venous access, securement devices, devices used to prevent line occlusion, line locking through medication and haemodialysis.
This is due to these articles not being appropriate and relevant as part of the system improvement initiative. 
A flow chart of the above filtering of results and systematic literature review can be found below.
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The business problem relates to the reduction in the rate of hospital-acquired infections where the source of infection has been identified as coming from a central venous catheter. The reduction can be achieved through a standardised insertion and maintenance document. It has been identified previously by Marschall et al. (2008) and O'Grady et al. (2011) that insertion of central venous catheters under sterile conditions, maintenance of central venous catheters and promotion of line removal is the gold standard for care of central venous catheters. However, Quan et al. (2016) identified that although there is an agreed gold standard of care, there is little monitoring of these methods in a consistent and standardised manner. 
Pronovost et al., (2006) identified in their study that the creation of a standardised procedure checklist can reduce hospital-acquired infections from central venous catheters. They also found that by creating new standard definitions, it was easier to report infections and gain more accurate data on the rate and cause of infections. Through the use of their initiative, it was noted that the improvement was sustained after 18 months of implementation. Through the creation of an insertion and maintenance checklist, they found that opportunities for early removal of central venous catheters due to them not being used increased, which thus in turn helped reduce the risk of potential hospital-acquired infections associated with central venous catheters.
In a recent study by Wei, Markert, Connelly and Polenakovik, (2021) an insertion and maintenance bundle was developed looking at key standards. Again, this study witnessed a reduction in hospital-acquired infection associated with central venous catheters post-implementation of a insertion and maintenance bundle. During the study they found a benefit of the implementation of this bundle was a reduction in the length of time the central venous catheter was in situ in the patient.
Due to the above findings, two standardised documents will be developed. The first document will create a standard checklist for insertion of central venous catheters utilising the gold standards identified above. The second document will cover the ongoing maintenance of the central venous catheters with an emphasis on identifying the early removal of unused lines or lines with blocked ports. 
A key element for a successful implementation will be the identification of the key users of the documents and ensure adequate education on the new documentation for all users. The key users will be identified at the requirements process of the project management. Key users can be defined as users who complete the form at the point of insertion or ongoing maintenance and also those who use the document for audit and investigations regarding central venous access devices. This will ensure adoption is more successful by providing the users with the information required to complete the documentation more comprehensively. This will lead to a higher quality of data when the tool is being audited to ensure the initiative is providing the improvement identified in the business aim.
Thomassen et al. (2011) created a study which looked at the development of checklists and their implementation. They identified the need for this as they recognised the multiple studies on the wide use of checklists but little studies covering the actual processes, development and implementation within health care settings for checklists. The study identified that the key stakeholders for any development including the implementation phase are the end users. It was noted that it was these key stakeholders that should be involved throughout any project to ensure the project is successful. This is due to them being the main users of the checklist and will understand the needs, processes and requirements. 
A key example of a successful checklist implementation in health care was performed by Peter Pronovost in 2001. Laurance (2009) reviewed the process Pronovost undertook to create a checklist and then the successful implementation of his checklist. He identified that the checklist was implemented and successful in achieving its aims but the success lay in the foundations of the design and requirements. It was noted that by tackling one problem by covering the essential steps needed it was a contributing factor to a successful adoption and implementation.  As part of their study they conducted an audit by asking nursing staff to monitor the doctors to see how many of the steps set out at point of line insertion to reduce infections was followed. These were steps well known to doctors but it was identified that at least one step was skipped by a third of doctors observed. The checklist was implemented following local policies and procedures and achieved the aim of reducing infections. However, the impact of a checklist in reducing infections achieved results which they did not think would be achieved. The measure they used was ten day line infection rate which looks at any line associated infections on day 10 post insertion. This measure reduced following the checklist from eleven per cent to zero per cent. The study noted that the implementation of the checklist in one hospital achieved the prevention of forty-three infections and eight deaths alongside a financial cost saving of two million dollars.
The two studies mentioned above show that to achieve a successful adoption of the system improvement initiative, the solution should be as simple as practically possible. Greenhalgh and Abimbola (2019) developed a framework to be used to study the non-adoption and abandonment of technologies by individuals and the challenges to scale-up, spread and sustainability of such technologies in health and care organisation which is abbreviated to NASS. They identified within this framework that continued adoption and support can only be achieved when the level of complexity is low. 
 
Project Aims and Objectives
The overall business aim for this system improvement initiative is to create a national standardised document for central venous catheter insertion and maintenance. This will lead to a system improvement by removing variations between health board and empowering patients to have more confidence that there will be no differences between care in whatever health board they reside or attend. The SMART objectives will be 
Specific – The specific objective for this service improvement initiative is the development of a standardised document for central venous catheter insertion and maintenance. This will inform the identification of a suitable project management methodology as the main objective.
Measurable – An initial understanding of current practice would need to take place and development of an auditing tool to create a pre-improvement baseline to measure from. This will also look at current guidance and how it is followed currently. The criteria for the auditing tool and how comparison pre and post implementation can be achieved will be covered in measures deemed appropriate to implementation. 
Achievable – The objectives of this improvement will be to improve patient safety through the standardised document. It will need approval from each health boards Director of Nursing and also the Chief Nursing Informatics Officers. The specific objective is achievable as it aligns with national initiatives concerning the standardisation of documents on a national basis. The service improvement initiative is focused on one vascular access device to ensure it is successful and potentially set a footprint for other vascular access documentation to become standardised.
Realistic – The objectives are realistic as it aligns with work currently being undertaken to improve patient care and safety through standardisation. It is a commonly used document which is updated regularly to align with new guidelines set out by Royal Marsden and National Institute for Health and Care Excellence (NICE).
Time-Bound – The objectives for this initiative should be achieved within 12 months. This will include the elicitation phase to understand user needs and look at current practice, development of new standardised document and approval and implementation phase. This will ensure adequate time to ensure sufficient auditing can take place both pre and post implementation to ensure the system improvement initiative is measurable. It will also allow a suitable time for pre-implementation education and training to ensure users have a supported transition with the implementation of a new document.

Project Management Methodology
Project management is not a new concept and can be evidenced historically. This is due to project management in its simplest of forms being a project that has a clear organisation and planning structure. However, different styles and methodologies have grown over recently to ensure the success of a project and ensure it meets its aim and objectives.
Association for Project Management (2019) have helped provide a structured definition of project management. They define project management as a system which enables the achievement of specific project aims and objectives through the utilisation of different skills, knowledge, expertise, systems and methods.
Association for Project Management (2018)  identified that there are six key areas to project management which help ensure the project is successful. The six key areas are teamwork and leadership, project management, programme and portfolio management, organising for projects, project life cycle and conflict management and negotiation. 
The project management methodology used for this service improvement initiative shall be the waterfall model first identified by Royce in 1970. Petersen, Wohlin and Baca (2009) looked at the waterfall model in large scale developments and identified that the waterfall model helps plan the distinct phases of the project in a sequential manner. This means that before another process begins, the previous one must be completed first. This model requires five stages which are requirements, design, implementation, verification testing, and deployment and maintenance. 
Requirements
As part of the requirement stage, the requirement for the service improvement initiative has to be gathered, understood, and documented prior to the start of the waterfall process. The requirements gathered at this stage are used to set the plan for the project through the stages required. As this service improvement initiative is looking to create a standardised all Wales documentation, current processes have to be identified. Therefore the waterfall process is an appropriate project management methodology. As part of the requirement phase, a gap analysis shall be undertaken. This will help identify and record the requirements for the project. The gap analysis shall collate documents currently used within each health board for the insertion and maintenance of central venous catheters. These documents will be reviewed for common terms and a standard list of terms and features will be collated. This will help introduce an element of standardisation by ensuring the terms and features commonly used are presented in a uniform manner. It will also give the opportunity to speak to the health boards to ask why they document or omit the capture of certain information. By identifying these requirements, it will also help lead to the next stage of this model.
Design
The requirement for the design stage is set out as part of the initial project requirements. In this stage as part of this methodology, the purpose of the project is identified, and mapping is undertaken to see how this initiative will work. Once mapping has been performed, the plan on paper is changed into a physical design and mock-up. It is important that the end users who will be using the form are included at this stage. They are the ones who have the best understanding of what works well and what does not currently. This will also ensure a more successful implementation as they are aware of the incoming change and feel empowered with the knowledge of how this change would transform and improve current practice. 
Implementation
As this is a waterfall model being used, this stage is reached once requirements and design have finished. At this stage, the system improvement initiative has been developed in its first iteration. Although it is called implementation, at this stage it is the technical implementation that is being referred to. This would ensure the form works as set out by the design stage and any links to other systems have been built in and transfer the appropriate data.
Verification and testing
As the requirement and design have been identified and moved into the implementation stage, the next process as part of this methodology is verification and testing. At this stage testing plans and processes outlined in the requirement stage will be used. This is to ensure that before this initiative goes live in a clinical environment, that the solution designed is suitable, appropriate and functioning. The design documents will be used to ensure the user specification has been met.
Deployment and maintenance
This is the last stage of the waterfall process. At this stage, the initiative has been signed off as suitable as per the design and requirements outlined. The initiative will go live at this stage and it will be used in clinical areas. As identified before the clinical areas will be acute hospitals across all health boards within Wales. This stage ensures that any bugs or defects found by users can be addressed and also any future versions updates or changes are cascaded to the users in an appropriate manner. At this stage, any request for improvement to the system will go through beneficial change request and change control process. 
Advantages of this methodology
Using this methodology, it is ensured that a straightforward predefined process shall be followed. The initial stage of setting the requirements ensures every stage is aware of the work needed, what is expected of people at the various stages of the process and also the timeline and deadlines for the various aspects. When the initial design and requirements are identified, the developers and designers of the system are able to identify any errors that may occur further down the line. If another project management methodology were used, these errors would not be identified at the start of the project but further down the process leading to financial and time delays. As all the processes are set out clearly at the beginning, an accurate estimation of costs and timescales can be defined. The milestones set out due to the structured approach means that the progress can be monitored closely. The requirements document set out at the start is an advantage to using this methodology. This is due to anybody joining the project after it is started will be able to easily and quickly be aware of the planned processes and design expected. The requirements also set out at the start meaning no further new requirements are added later in the process.
Limitations of this methodology
As identified above, there are many advantages to using this methodology. The planning and requirements being agreed upon at the start of the project means a lack of agile ways of working. A level of commitment is agreed upon, which means they were less flexible to the approach. Any changes requested in this methodology will occur at the end of the complete process. This is a disadvantage as it could add extra time and financial costs to the project. Using the waterfall methodology relies on the end-users knowing and understanding what they would like to see as part of the service improvement initiative. The end users are only involved in the initial stage and therefore provide no input in the design and implementation stages. As each stage can only start when the previous one has finished this can cause delays as there is no agile working alongside each stage.
As part of the project management methodology, it is important to consider the theory of change and change management models. A suitable change management model for this service improvement initiative is the theory by Lewin (1947). This theory looks at three areas to support change which are unfreeze, change and freeze. The unfreezing stage ensures support is offered to key users to support the change and also ensure they realise why the current process does not work and needs to change. The change stage ensures the key users are involved with the development of the change and supported to adapt to the change. At this stage a key component to success is good communication is required to ensure the change is effective and supported. The last stage of this change management model is freezing. This stage occurs once the change has been made and implemented. The focus at this stage shift to ensure that the change implemented is not seen now as a change but as normal practice.

Measures Deemed Appropriate to Implement
The intervention will consist of a new standardised document which will combine the insertion record for central venous catheters with an ongoing maintenance checklist. To enable the intervention to be measured, a pre-implementation audit will need to take place. The audit will look at health care associated infections reported in patients with a central venous catheter in situ at the time and also how long the central venous catheter has been in situ. The completion of the pre-intervention implementation insertion bundle will be reviewed and a compliance tool created to create a compliance score. This will be recorded in a table to show any causality pre-implementation with health care associated infection, the days the central venous catheter has been in situ and the compliance of insertion documentation.  
This audit will then be undertaken again one month after the intervention is implemented following the same criteria used in the pre-implementation phase. The data will be analysed to see if the intervention has achieved the aims set out of reducing health care associated infections in patients with a central venous catheter in situ. 
The data collection pre and post implementation will have to follow a set of pre-defined rules to ensure it can be accurately and reliably compared. The pre-defined rules will look at ensuring demographic data such as age and gender is captured anonymously to ensure data can be compared to similar patient groups. Pre-implementation and post-implementation we will have to ensure data is captured in every health board to compare the project from a national and a local level to allow for local variances not identified during the project management timeline. We would have to ensure a minimum amount of patients are included in the study for each health board. This will be identified as 10% of the monthly average of central venous catheters inserted in each health board. This figure will be identified in the requirements stage of project management.  
Future Improvements resulting from Implementation of the Plan
Improvements hoped to be achieved from the project are primarily a reduction in line associated infections. As infection rates are potentially reduced, there is the potential for cost savings due to a reduction in the need for antibiotics to be prescribed to treat catheter related blood stream infections. The initiative has the potential to help support the Welsh Government’s aim of eliminating hospital acquired infections as previously identified. 
Future opportunities could look at expanding this work to other vascular access devices such as midline, peripherally inserted central catheter (PICC) and skin tunnelled (Hickmann) lines. The service improvement initiative could also be expanded from critical care units to all adult wards within acute hospital settings. This would lead to a further reduction in hospital acquired infections related to medical devices and be able to up scale the intended benefits of the system improvement initiative. The work can be easily expanded to other vascular access devices as midline, peripherally inserted central catheter and skin tunnelled lines have similar insertion and maintenance techniques. The insertion of these lines are quite frequently performed the same insertors as central venous catheters. They will therefore be aware of the benefits of the new checklist and how it affects their practice thus ensuring buy in by the key users.
 The form could become part of a digital patient passport for central venous catheters and then expand also to include other vascular access devices.
The scope of the project could move to include standardised insertion kit and central venous catheters used across all health boards. This would be evidence based and driven by new innovations developed for medical devices. The central venous catheter has potential for improvements as a device including the material used, coating used and skin disinfection product used which could all contribute to a reduction in hospital acquired infections from central venous catheters. 
Indirect improvements that could arise from this service improvement initiative is a reduction in length of stay of patients within critical care. This is due to the service improvement initiative potentially prompting earlier identification of central venous catheters, which are no longer required and getting the patient closer to a stage of stepping down the level of care to ward level. 
However, potential unintended consequences could be an increase in line associated infections due to poor implementation and buy in from key users. This could be addressed by ensuring the implementation process is planned to ensure the change adoption curve by Rogers (2003) is considered to ensure good but into the initiative from all users. 
The development of the document in the future in to a digital patient passport has the potential for several unintended consequences. There are limitations when using a digital form from devices used to complete the form, user ability to complete the form but also the computer literacy of the users completing the form. However, this would develop in to its own project which may require a different project management methodology. An appropriate methodology will be identified on the initiation of the project. 
The brief that was set out for this piece of work required a document to be compiled which creates  a service improvement initiative. This has been set out clearly in the above work including the service improvement initiative being clearly defined with set aims and objectives. A systematic literature review has been undertaken, which has also contributed to the aims and objectives while utilising studies and journals that have been undertaken for similar service improvement initiatives. A suitable project management methodology has been chosen with the reasons it is suitable for this service improvement initiative while also discussing the limitations this methodology causes.
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