Introduction

The Welsh Government (2004) published a strategy with the aim of reducing healthcare associated infections (HCAIs). In 2006 and 2011, a point prevalence survey of HCAIs were undertaken. In the 2006 Welsh Assembly Government report, the prevalence rate for HCAIs within critical care was 27.61%. In 2011, the follow up report produced by Public Health Wales showed the prevalence rate dropped within critical care to 12.8%. As HCAIs still had a high prevalence across all specialties, the Welsh Government in 2011 revised the 2004 strategy and changed the aim from a reduction in HCAIs to elimination of HCAIs. In September 2021, the Welsh Government outlined their yearly goals for improvement in the rates of HCAIs to support their strategic goal of elimination of HCAIs. 

Due to pressure on health and social care services and changes in practice due to the COVID pandemic, as part of their report, the Welsh Government (Roberts, 2021) identified that data captured since March 2020 had been skewed with an increase in HCAIs. They outlined lowering the burden of infection as one of their main aims. As part of this aim, they identified that this could be achieved through several improvement goals. The aim set out a reduction in the incidence of staphylococcus aureus blood stream infections. They felt that this can be achieved through an improvement goal of reducing to 20 cases per 100,000 or below the annual incidence of staphylococcus aureus bacteraemia. They also stated that there should be a continued drive to reduce cases and to still maintain a zero tolerance of preventable MRSA blood stream infections. They identified this as one of their strategic goals as staphylococcus aureus bacteraemia is usually harmless but can cause disease and illness in immunocompromised people. 

Within the hospital setting, a high proportion of people receiving care are immunocompromised which increases the risk of staphylococcus aureus bacteraemia causing illness. Also, staphylococcus aureus bacteraemia has the potential to cause illness in people with indwelling medical devices such as central lines and peripheral venous catheters. As part of the Welsh Government setting this goal, they identified that it can be achieved through reducing blood steam contamination with staphylococcus aureus and other organisms by the implementation of preventative measures. These preventative measures include medical device management being targeted as an area for improvements and use of invasive medical device care bundles. A service improvement to support this goal can be the development of a joint medical device care bundle and device management record. 

The service improvements can be supported through the creation of a data capture system. This ensures ongoing care of the medical device can be documented alongside the insertion and removal record. This data capture system would have logic in the background to identify factors that would increase the chance of an infection occurring and will alert the user to consider the removal of the medical device. 

Methods

The service improvement can be split in to two separate areas for development and to identify the technology requirements. The first part is the medical device management record, and the second part is the ongoing care bundle for invasive lines. As part of clinical working knowledge, there will now be an analysis of the service improvement in more detail.
 
The medical device management record would need to be a form which would allow the user to document key information relating to the insertion and removal of the medical device. There would be a requirement for certain data points to be mandatory. This is to ensure certain data items can be captured at all times and used to help measure the success of the technology improvement in line with the identified strategy. 

The ongoing care bundle for the medical device would need to be a living document. This will allow ongoing documentation of specific care items regarding the medical device. As part of the care plan there will need to be integration with other systems to allow automatic input of data held by other systems currently in use. This can include, but not limited to, items such as laboratory results, observations data and radiology results and reports.

A gap analysis shall be undertaken to identify where current practice is and to help identify where a digital solution can improve current practice and support working towards and achieve the strategic aims set out previously. The gap analysis is therefore as follows:

Identifying the current situation

Current practice for medical device care bundles and device management record varies significantly across each health board within Wales. There is also different documentation within some health boards for each medical device which include central venous catheters (CVC), peripherally inserted central catheters, skin-tunnelled central venous catheters, and midline catheters. The ongoing care for these devices differs and the insertion records currently capture different information. The service improvement will look just at CVCs as these are the most commonly used devices with these being inserted predominantly within critical care units across Wales.

Setting of SMART goals

SMART goals look at goal planning under five different areas to ensure they are attainable. The five areas considered when setting the goals look at ensuring they are specific, measurable, achievable, relevant and time bound. These goals map out what the key aims and objectives are and where the service improvement would want to end up. The goals for this service improvement are as follows:
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Analysing gaps between current and future practice

The differing documentation is currently recorded solely in paper format which does not support an easy audit trail and central database for data captured. Also, as it is in a paper format there is no linkage to other national systems to support clinical decision making regarding the removal of the medical devices. It is key that documentation represents current clinical best practice and guidelines set out by Royal Marsden guidelines (Lister et.al, 2020). The current documentation is individual to each health board and is a barrier to continuity of care when patients move between health boards to access and receive care and treatment. 

It is key that the projected future practice provides an All Wales approach and standardisation. This will ensure smooth transfer of care and will help support meeting the strategic aim of reducing blood steam contamination with staphylococcus aureus and other organisms by the implementation of preventative measures. This would support a national reduction which can be seen across all health board and not be isolated to individual health boards through new standardisation and introduction of a technological solution to support this. 

Plan to close existing gaps 

It can therefore be identified that the development of a technological solution will support the closure of existing gaps. This can be achieved through the identification of action items to close the gap between current practice and the end goals identified above. The action items are as follows
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This list of actions will then provide the next steps of procurement and implementation to ensure the technology solution can be utilised to ensure the strategic aim and goal can be achieved. 
Results

We will now look at the data collected as identified and set out above. As part of this, the key technical requirements will be identified and the results and outcomes from the gap analysis will be discussed. An options appraisal will also be undertaken to identify the next steps and how to find the suitable technology solution to support the strategic aim. 

The identification of the technical requirements can now be identified using five different areas as set out by Leffingwell and Widrig (2003):

· Functionality
· Non-functional requirements 
· Data collection and analysis
· Knowledge management
· Technical standards (data structures, terminology, interoperability).

Functionality

As the system is used by clinicians to maintain a patient record for the insertion, maintenance and removal of a CVC, certain system functionality can be identified. The technical requirements for functionality are as follows:

1. A clinician shall be able to search to find a patient to add to the system as having a central venous catheter inserted
2.  A clinician shall be able to search for a patient to identify if they have previously had a central venous catheter in situ
3. A clinician should be able to generate a report on patients with central venous catheters in situ each morning to create a workload of lines to be reviewed
4. A clinician shall be able to see associated laboratory results and a trend of results for the patient as part of the patient view within the system
5. A clinician should be able to see associated observations and a trend of results for the patient as part of the patient view within the system
6. A clinician should be able to view a dashboard highlighting key information at a glance for their workload
7. A clinician should be identified within any documentation by the format of their Last Name, First Name
8. The system should time and date stamp with the current system time all documentation, assessments and entries are made

Non-functional requirements
The non-functional requirements can be detailed under three headings as set out by Sommerville (2016) as follows:

	Product Requirement
The system shall be available to the clinician to access continuously throughout the day. Downtime should only occur between the hours of 2100 and 0700 and should be limited to no more than 5 minutes at any one time. Maintenance and upgrades shall also be only undertaken between the hours of 2100 and 0700 and shall not be undertaken unless two weeks’ notice have been given to the clinicians of any planned work.

Organisational Requirement
Clinicians shall be allowed to log on to the system using their current NHS Wales username and associated password. The system should allow administrative staff the ability to set permission levels for each clinician which are pre-defined. The permission levels will vary from read only access, adding an assessment or care of the device to full functionality of the system.

External Requirements
The system should have an adequate risk assessment and hazard log created by the patient safety team prior to the system going live. This will also include identifying any mitigation or any developmental changes required to reduce harm and minimise risk. This is in line with NHS Digital standards DCB0160 (2018) and DCB0129 (2018) which ensure health organisations responsible for deployment, use and maintenance of health IT systems have a set of requirements to have clinical risk management which is applied effectively. 

As the system will only be in use within NHS Wales, adherence to the Welsh Government policy ‘Managing health and social care records: code of practice’ (2022) will need to be considered as part of the external non-functional requirements. 

Data Collection, Analysis and Knowledge management

Following on from the earlier gap analysis, a review and analysis of current paper documentation and care bundles was undertaken. There are several key areas that are documented by all of the health boards. These can be broken down in to three categories – insertion documentation, ongoing maintenance and care bundle elements and removal documentation.

Insertion Documentation
· Patient Demographics – current national standards exist for format, appearance and details captured which will need to be considered within the development of a technology solution.
· Insertion Date – this is captured in the form of dd/mm/yyyy. Again, there are national standards for date format and appearance which will need to be considered within the development of a technology solution.
· Insertion Site – the insertion site on current documentation is a mixture of free text or select from a pre-defined list. As CVCs can only be inserted in certain veins, a pre-defined list would be the best option. This would, therefore, allow the technology to be able to audit easier any relation between insertion site and infection rates as well as ensuring a complete audit trail.
· CVC details – although there are different brands of CVCs, current documentation standardises these to generic names. This approach will be carried forward to ensure future proofing of the technology to ensure changes will not be needed when new brands and device manufacturers come in to use. Alongside the type of catheter, the number of lumens the device has can be captured. 

The Intensive Care Society have created a standardised invasive procedure safety checklist for CVC insertion. These have been designed in line with the National Safety Standards for Invasive Procedures (Welsh Government, 2016) so will therefore be transferred from the current paper document and transformed into a digital document. This document has been analysed and will require a mixture of single select options, free text boxes, single answer options and free text boxes based on answer choice. 

Ongoing Maintenance and Care Bundle
Patient demographics is key across all areas so can be developed as a constant banner at the top of the page visible at all times. The ongoing maintenance and care bundle will need to be a living document for the user to document and complete. 

· Number of days in situ - The ongoing maintenance and care bundle should capture the number of days the device has been in situ with the day of insertion being day 0. The technological solution can automatically calculate the number of days in situ and record this within the banner mentioned above alongside patient demographics
· Current Date – this can be replaced by the clinical time the document is edited within the technology solution. This can be autocompleted by the system requiring no user input.
· Line in use – currently, only some documentation record this as a yes or no question. This would be a key question to support the user in answering the next question
· Line still required – Although not all documentation capture this currently, as part of the strategic aim it is an important question to identify early opportunity for the device to be removed. This question can be included at the start of the care bundle to ensure it has higher prominence for the user when completing the form. To support the user with clinical decision making, integration with other national systems can be utilised. Alongside this question, it could be possible to show specific laboratory values within the last 24 hours to support the user. The user could also be shown a tool tip for key areas to consider to support identifying if the line is still required. 
· Dressing Inspection – There was multiple variations across all paperwork relating to the dressing. The user should be able to capture initially if the dressing is intact, when the dressing was last changed, if the dressing has been changed and the type of dressing used. If the user selects ‘yes’ to dressing changed, it should autogenerate a date to show on future forms to support the user to decide if it needs changing based on length of time in situ.
· Lumen patency – The number of lumens can be obtained from the insertion record. Lumen patency differs across current documentation as some health boards refer to each lumen individually and some refer to as a collective. The system will have an individual checklist for each lumen as by identifying whether the lumens are patent or not, this is an opportunity for the device to be removed due to reduced use and also something possibly blocking the lumen. The object blocking the lumen can also have the potential to be a source of infection if sitting in the lumen for a prolonged period.
· Suture / securement – A few health board documents did not mention sutures or securement device. However, some health boards included this to try and identify if the line is not secure or surrounding area is inflamed. This is again another key area to support the identification of signs of infection localised to the insertion site and an opportunity for possible line removal to prevent a line associated infection. This will again be another point to support the strategic aim identified as being supported through a technological solution.
· Needle-free device – This is referred on all documentation with differing care actions between each health board. Again, as identified with lumens this should be a separate item for each lumen. The user should be able to capture, initially, if the needle-free device has been cleaned with an appropriate solution, when it was last changed and if the needle-free device has been changed. If the user selects ‘yes’ to needle-free device being changed it should autogenerate a date to show on future forms to support the user to decide if it needs changing based on the length of time in situ. 
· Site Inspection score – each health board uses differing visual inspection scores for the insertion site of the CVC. There is a universal score used for peripheral intravenous catheters known as the Visual Infusion Phlebitis score (Jackson, 1998). However, this is not suitable for CVCs due to vessels that the device is sited in and the device having a larger bore. This is an area where a new national standard score can be developed and utilised which would involve a literature review of currently used scores. 
· Investigations – only a few health board documents capture as part of the care bundle ongoing investigations for suspected infections. A table view to document sample type and date obtained can support identification of infections. However, this is reliant on results being returned from the laboratory and acting on this information when there is already an infection in situ. This will not be included as part of the clinical requirements as earlier identification of suspected infection has been outlined previously. Any samples sent and laboratory results associated can be displayed in the line still required section. 

Removal Documentation
Some health board documentation had no option to document removal of the device. This however is a data gap which provides key information behind the clinician’s removal of the medical device. 
· Reason for removal – this can be a pre-defined list of reasons for removal. This would improve the audit trail to also identify how many devices were removed due to an insertion site infection or a central line associated bloodstream infection. An ‘other’ option can be inserted for the user to select with the data recorded captured to see if there are common options documented which can be added to the pre-defined list.
· Prior to removal – This would include a checklist to confirm there are no contraindications which would prevent the device being removed such as abnormal coagulation.
· Removal details – this would be a simple data capture of date and time of removal, who it was removed by and their role. This would be solely for the purposes of documentation requirements by the clinician. 



Technical standards (data structures, terminology, interoperability).
Data within the system will be structured as outlined above in the data collection, analysis, and knowledge management section. Data will be displayed through a mixture of radio buttons, tables, graphs, dropdown lists and free text boxes. The system will be required to have interoperability with current national laboratory systems to ensure messages can be sent to this new system. This will ensure the laboratory results will be shown with the patient record of this system and ensure the clinicians does not need to transfer between several different applications. There will also need to be interoperability with the national Welsh Clinical Portal to ensure this episode of care is part of the overall patient record. Terminology for the system will be coded through the use of SNOMEDCT to be in line with national standards for terminology and coding (Welsh Government, 2018). 

Options Appraisal
To support the system development, options for this system to be developed need to be reviewed and appraised. As this is a health care system there is the option to either build the system within NHS Wales or to put out a tender requirement for the procurement of existing software. As this software is similar to work currently being undertaken by NHS Wales, the ability to build in house this system can be proven. There is also the technical expertise to ensure interoperability within the system with other national systems can be achieved. The procurement process, invite to tender and customisation can cause delays to the system development. Therefore, building this system in house is therefore the most suitable option as it will reduce the chance of delays.

Discussion
As the options appraisal identified the system will be built in-house, an acquisition strategy for implementation can be developed. The technical requirements outlined above can be used to support the development of an initial prototype. Existing similar structured forms can be used as templates to ensure appropriate use of user interface space and easier workflow for the end users. As there are clearly identified, intended benefits to be achieved from this development, an initial benefits list can be created. Current practices can be monitored to create a benchmark for current practice which can be reviewed post implementation to see if benefit realisation has occurred. Benefits can include, but are not limited to, measures which either are cost-saving, timesaving, efficiency creating or increased patient contact time. 
Once a prototype development has been created and has gone through the necessary patient safety workshops, it would require system testing in the form of system integration testing, user acceptance testing and then validation testing. User acceptance testing will require clinicians who are the targeted end users of the systems testing the system to ensure it meets their clinical requirements and works clinically as expected. When the system initially goes live after all of the above, a pilot period would be undertaken within two different health boards in one critical care environment in each health board. A robust training plan will be developed which will include training videos, workbooks, and face-to-face training on the new clinical system. The pilot period would be undertaken over a two-month period which will include clinician surveys pre and post pilot period, to identify any improvements to the system and any unidentified benefits. Prior to the pilot period, device specification will be identified to ensure suitable devices are used to access and complete the patient assessment and record. 
There will then be a period of one month to evaluate the pilot period and further develop the system from any feedback received. After this period, the intention will be a national roll out starting with the two units involved in the pilot period who will also receive training on any updates and training. The remaining roll out will be over a period of ten weeks with a new hospital receiving one week of training prior to the system going live the following week. The implementation order will ensure all critical care units within each health board will have the system implemented prior to the roll out in other health boards. As part of the national roll out, surveys pre and post implementation will be maintained to ensure continuous feedback can be received alongside the ability to identify any further development work needed. Once the system has been rolled out, a ‘business as usual team’ will be needed to ensure any changes requested follow a formal process and that patient safety and testing can be completed prior to deployment of any system updates. 
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Goal1 | Develop a combined insertion and removal document that captures the minimum
required information required based on current clinical guidance

Goal2 | Reduce blood steam contamination with staphylococcus aureus and other organisms
caused by CVCs within 12 months of the implementation of the service improvement
technology

Goal3 | Develop a care bundle specific to the maintenance of CVCs ensuring early identification

for the removal of a CVC that is no longer required
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Action1 | Collate all current paperwork used by each health board in relation to insertion,
removal and ongoing care and maintenance of CVC

Action2 | Identify key stakeholders ensuring representation from each health board to support
the creation of clinical documentation. This will ensure that the technology and tasks
meet the requirements of the end user.

Action3 | Develop a list of technical and clinical requirements to identify what technology
solution is required

Action4 | Look at any existing technology solutions which can support meeting the strategic

aims and identify if it can be implemented or whether a system needs to be
developed.





