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Introduction

Stroke is the leading cause of death and disability in the United Kingdom with on average someone suffering a stroke every five minutes. Each year an estimated 100,000 people in the UK will suffer from a stroke and 65% of these leave hospital with a disability  (Stroke association, 2022).
 
Since 2000 the United Kingdom’s national standards for stroke care have been set by the Royal College of physicians (RCP). These standards inform healthcare professionals with the aim of improving patient care and organising services to provide equity of service regardless of location, age, gender, race or type of stroke  (Royal College of Physicians National clinical guideline for stroke, 2016). To ensure compliance to these guidelines the Sentinel Stroke National Audit Programme (SSNAP) was set up with the view to measure two components  (Sentinel Stroke National Audit Programme, 2015). 

1. The clinical component- which audits quality of care received by stroke patients from a given health board of trust against the current set of RCP guidelines. 
2. The organisational audit- which looks at the current state of service structures for stroke services within a health board or trust. 

SSNAP provides the single source of data in Wales, England and Northern Ireland for stroke and audits compliance with the RCP guidelines. In the UK 100% of acute hospitals send their data to SSNAP. Health boards across England, Wales and Northern Ireland use this data to benchmark services. Since 2013 approximately 90% of all suspected stroke patients in England, Wales and Northern Ireland have had their data entered into the SSNAP database  (Sentinel Stroke National Audit Programme, 2015)

Reviewing SSNAP reports for local health board allows local services to identify areas in need of improvement. Areas of low compliance against the SSNAP dataset may indicate issues with certain parts of the stroke pathway. The aim of SSNAP is to drive improvements in the standards of stroke care ensuring that best practice is adhered to, and that equitable service is provided to all patients suffering from stroke no matter where they receive their care (Sentinel Stroke National Audit Programme, 2015).  

Health boards throughout Wales have different systems for the recording and collection of the SSNAP data set and most use manual, paper-based methods to collect and report their data against national targets. Many health boards employ staff to collect, analyse and report data for the annual SSNAP audits. This form of data collection can be subject to error during the transcribing process and the subjectivity of the clinician or auditor collating the information and therefore may not accurately reflect what is happening. (Byrne, Jordan & Welle 2013).

The current SSNAP data recording and collection requires several manual steps which reduces the reliability of the data as it becomes subject to human error or subjective interpretation. The process involves paper recording of information, the transfer of that information into local databases then a manual transfer of this information into the SSNAP database. Not only does this lead to increased chance of error but increases the time compared to direct data entry (Thriemer et al. 2012)

Paper based data recording can be subject to higher levels of data omission compared to electronic data entry as fields can be mandated to ensure that measures are recorded against a target (Ley et al. 2019). 

The evaluation of local stroke services it is extremely important by benchmarking and ensuring that best practice is being met. The data collected needs to accurately reflect the current situation on the ground to ensure that any service changes proposed are based on reliable information (Raghupathi, Raghupathi 2014).

Clinical time is a precious commodity in healthcare and this time is often lost recording contact times and / or collating this data. The ability to automatically record the time a patient interacts with a clinician or apparatus (e.g., diagnostic scanners) would reduce the non-clinical workload and would increase the available clinical time (Shaw, Coia & Michie 1999). The improvement in efficiency will support clinical staff dedicate more of their time to clinical interventions resulting in greater opportunity to meet the 45-minute daily therapy target and better outcomes for service users  (Hornyak, Lewis & Sankaranarayan 2016). Identifying an automated digital solution to support early decision making and recording of outcomes will produce real term benefits to stroke patients throughout the pathway by improvements in efficiency and reallocation of labour (Zhu, Mukhopadhyay & Kurata 2012). 
The benefits of automation and early warning will improve the SSANP rating of the health board by accurately recording the data and providing more clinical time, resources could be reallocated from data collection services to front line clinical services. 
 
Method 

To establish the “requirement engineering” for this digital service improvement multiple lines of information gathering was required. The first part of data collection was elicitation interviews with the key stakeholders. Interviewing alone will not elicit a reliable list of the system requirements and will likely miss essential information and should be conducted alongside other elicitation techniques (Sommerville, 2016). Ethnographical inquiries were conducted alongside the interviews to gain improved insights into actual practice.
 
Clinicians from the emergency unit (EU), stroke nursing team, radiology department, Consultant physicians in EU and stroke, Acute stroke team, stroke rehab service, SSNAP data managers, medical records managers, and Allied Health Professionals across the whole stroke pathway. Interviews were open and mainly focused on the topic of SSNAP data collection and improving patient care through improved SSNAP compliance. The executive lead for Stroke was interviewed to establish the requirements from the executive team and understand the priorities that they have for improving stroke care. 

The Informatics, Information Governance, Clinical Engineering, Medical Records and Information Management and Technology teams were interviewed to discuss the Stroke pathway and the IT systems currently used to track the patient’s journey. The teams were also asked if it is possible to integrate an automated data collection system that provides real time warnings to clinicians about potential breaches to the SSNAP dataset into the current software and the security requirements. A specific question was asked around what the interoperability requirements would be for any new system and issues with wearable tech.

Service users’ interviews were completed to understand what’s the most important aspects of their Stroke care. 

After collecting the information at the interview stage, the common themes are identified and presented as viewpoints from each of the stakeholder perspectives. These themes are then shared with the stakeholders in plain English to ensure that they can see that their viewpoint is represented to maintain engagement in the process. 

The second part of the data collection involved following a patient journey from admission to EU through their hospital pathway and noting the interactions that the patient has with the environment, equipment, and staff. Understanding what happens “in the field” is important as pathways rarely work the way they are described. This ethnographical data demonstrates the reality of the pathway and add insights that can be noted and expose potential unknown factors. These observations focused on timings and their recorded accuracy versus the reality (Savage, 2006). 

Alongside the patient journey ethnographical data was collected by observing the interactions between clinical staff and patients on the stroke pathway. Observations are noted and recorded in the way healthcare professionals interact with patients along the stroke pathway. This provides insights into the day-to-day activities of the professions during their workday. Special attention is paid to the non-clinical element focusing on data entry, prioritisation, data accuracy and time taken to record the interventions that forms part of many clinical practitioners’ workloads (Leslie et al. 2014).

Literature Review
A literature review supporting RFID patient tracking was conducted alongside elicitation Interviews and ethnographical inquiries. The search criteria included many types of patients tracking or use of RFID (Zhu, Mukhopadhyay & Kurata, 2012). 

Gap Analysis
A four-stage gap analysis was conducted measuring the current state, SMART goals. Analysing the gaps and setting out a plan to close the gaps (Forbes, 2022).  

Options Appraisal
A project team was established from key the stakeholders to complete a full options appraisal. The options appraisal set out and identified the key strategic requirements and the context for the service and determine the best option that delivers the service improvement outcomes in a way that provides value for money and best meets the requirements of the service at the optimal cost.
The key outcomes and objectives of the proposal were agreed with all the stakeholders based on the technological requirements established from the interviews, literature review, ethnographic inquiry and lived experience of staff. The level of risk and control was be agreed with the stakeholders. The project group identified the options available for the required service improvement. The project groups set the evaluation criteria for the assessment of the options and gathers the required information to inform the assessment of the possible options available. Once all information was available the assessment of the options took place with each option being scored based on the essential criteria identified from the technological requirements and a shortlist of options created. From this list the group provided a preferred option and wrote up the business case for its implementation (Local Partners LLP, 2012).  


Results

Interviews
The themes elicited by the clinical staff were that they aim to prioritise their work based on the SSNAP targets however there are often missing vital information to help them make these decisions. Lack of staff clinical time was listed as one of the main constraints to meeting the targets and the documentation of SSNAP data is often duplicated. 

The themes from the radiology team were that there is often a delay between the arrival of a suspected stroke patient in EU and their department being notified of the need to perform a CT scan.

The themes from the EU team were that they were not always aware of how long some patients had been in EU and decisions to move to the stroke wards can be delayed due to verbal handover to staff of CT results. 

Acute Stroke team themes were that Staff did not get warnings of when patients could potentially breach the acute bundle targets. 

The SSNAP data managers reported that information can often take a long time to find in the records and there are often gaps in the data and therefore often datasets are incomplete. 

Stroke physicians wanted to know when someone was admitted to EU the results of the CT scan and notify the need to prioritise assessments.

Service users said that they would welcome any process that would help them get the right care at the right time. The group reported that they were keen to have increased access to therapists, doctors and nursing staff during their hospital stay.

Medical records reported that they were using a RFID system to tack notes and that there is a network of RFID receptors already working to locate health records.
 
Information governance indicated their preference to be a secure internal system to record data that is cyber secure, and that no identifiable data is shared outside of the health board. Information governance set a requirement for patients to opt out of tracking. Informed consent would need to be sought prior to starting live tracking.  

Information management and technology services reported that they had software that connects with RFID, but it would need developing to be interoperable with the current systems they use within the health board. There is currently no specific early warning system for stroke and that the current hardware has the capacity to support a new RFID system.

Medical engineering stated that any RFID would need to meet Medical Healthcare Products Regulatory Agency (MHPRA) standards for medical devices and that comfort and practicality should be high on the specification. 

The executive lead identified the need to improve the service to ensure that we met the SSNAP targets but to do this using prudent healthcare principals. 

Ethnographical Inquiries

Identified that patients often wait for decision making from key clinicians along the pathway. Patients wait to be referred to CT on admission. This process is not automatic and relies on bleep systems or phone calls. They wait for the results of CT scans, Thrombolysis administration, wards to be informed of the need to be transferred, swallow screens and AHP assessments. 

The ethnographical data supports the fact that clinical time is lost imputing data into various databases often duplication this data entry in multiple locations. Data is often copied from paper and transposed onto databases. Clinical staff often estimate timings rather than use specific records. Staff on the pathway do not know where the SSNAP priorities are as no system prompts them to engage and all communication is done by word of mouth. The need to find and verbally communicate to a clinician loses valuable time.    

Literature review 
Evidence to support the use of RFID for patient tacking was collected and recommendations from articles were factored into the Technology requirements (Zhu, Mukhopadhyay & Kurata ,2012) (Cao, Jones & Sheng, 2014).
 
Technology Required to support the service improvement

The interviews, Ethnographic inquiries and literature reviews identified the technology requirements to support improvements in patient care by meeting the SSNAP targets as these SSNAP targets directly relate to the key clinical standards set out by the RCP guidelines for stroke. 
  
Using decision support software linked to real time data acquired via Radio frequency Identification (RFID) will Identify where / when a patient needs to interact with a clinician / clinical apparatus. An example of this would be when a patient is admitted to the emergency unit and requires a CT scan within two hours as per the RCP guidelines or if a patient has not received their forty-five minutes of daily therapy can be highlighted, and the relevant staff member is notified by the software to prompt the need to intervene to avoid any potential breaches and help prioritise and improve patient care (Ajami, Rajabzadeh, 2013)

By introducing an RFID system and measuring the interactions against the required time sensitive targets linked to the RCP guidelines the system will support staff to identify and prioritise patient requirements at any point during their hospital stay. The reduction in manual data entry and supported decision making will lead to improved patient outcomes measured by improved compliance in the SSNAP audit. 

To implement an automated data collection system using RFID that prompts decision making for stroke services there are several technical requirements that need to be in place:

Functional Requirements

Firstly, an RFID tagging system shall identify stroke patients on admission to hospital. The system shall activate the moment the patient arrives in the emergency unit and a countdown clock started.

The RFID tag shall identify the individual and their location in the hospital at any given time during their stay. It will also need to identify that the given working diagnosis is stroke and must be interoperable with existing IT systems using SNOMED or FHIR.  

RFID reader/ writers need to be placed at specific points that correlate to the best practice activities identified in the RCP standards for Stroke. The tag will need to interact and read / rewrite at specific touch points during the patient pathway for example when the patient is admitted, once they have had CT scan, when they admitted to the stroke unit, when a stroke physician assesses them, when a swallow screen is completed and when they are assessed by a therapist. See figure1.  

The RFID tags system shall communicate with the visual real time dashboard built into a software package to provide an early warning system that alerts staff of any potential breaches before they happen.    

The system shall be reliable, able to identify and alert staff of any potential breaches to SSNAP targets. The system should support decision making based on outcomes of interactions. 
This data shall be packaged in a way that has options for its use in other IT systems within the health board and be interoperable, designed to support SNOMED or FHIR.

The RFID devices and reader and writers shall meet UK medical device standards as set out by the Medical Healthcare Products Regulatory Agency (MHPRA) to be useable for patients admitted to Emergency Units and inpatient care.





Non-Functional

The system shall eliminate the need for clinicians to manually record SSNAP data. 

The system shall collect and interpretate data at time sensitive points during the patient’s pathway. 

The system shall provide early warnings of potential SSNAP breaches during the patient pathway

The RFID tags travel with the patient throughout their whole hospital journey and therefore shall be wearable and comfortable. The Tags shall be active for extended periods of time for service users with extended hospital stays. 

Replacement Tags shall be reallocated to individuals if their original is lost or damaged and need to be replaced.  

The system shall maintain high levels of security to protect patient data.

The system shall reduce the duplication and copying of data from paper.

The systems shall meet the requirements of the FITT framework. Measure the fits between the task technology and the individual that will impact the adoption of the technology.  (Ammenwerth, Iller & Mahler, 2006)

Gap Analysis

Current situation
	· Clinical time spent entering and collecting data for processing.
· Targets missed due to unknown breaches.
· Records don’t accurately reflect timings and are subjective and may be susceptible to human error and bias. 
· Paper based record for data collection.
· Manual transfer of information from paper to digital.
· Time consuming manual audit of records.
· Data errors due to multistage process.
· Duplication of work.
· Variation in levels of staff computer proficiency. 



Smart goals. 
	· Automate data collection to increase clinical time available in 3months.
· Reduce number of breaches in acute care bundle at next audit with early warning system in 3 months.
· Improve compliance with 45 min daily therapy target at next audit 6 months.
· Eradicate duplication of data and manual transfer process 3 months.
· Improve compliance against SSNAP targets at next clinical audit.  



Analysis of gaps 
	· Currently all data recording systems are paper based then transferred to MS excel no automation currently within the pathway.
· No system in place to physically track the patent through the hospital pathway
· Inpatient health records are paper based and digital solution would need to be interoperable with current databases
· No real time data. No way to accurately identify patients who may potentially breach (early warning system)
· Privacy guarantees, governance around data sharing and safeguarding of personal data. 
· Staff training / digital knowledge



Plan to close existing Gaps
	· Acquisition or extension current of RFID system to follow patient journey within hospital setting. 
· Process map patient journey to identify key RFID interactions to be recorded based on SSNAP dataset.
· Staff education and training to support new system for data collection.
· Digital support for upkeep and development of RFID system. 
· Ensure system compliance with information governance and cyber security.
· Ensure RFID system has interoperability with current EHR’s and databases. 
· Identify system to alert clinicians of any potential breaches. 



(Forbes, 2022).



Options Appraisal

Based on the functional and non-functional requirements and the gap analysis the options appraisal identified 4 options. The options were evaluated against the evaluation criteria by the project team and the build in house was the preferred option based on its evaluation against the agreed criteria.  
[image: ]
Figure 1 Results of high-level Options appraisal 

[image: ]Figure 2. Example of proposed in build in house system preferred choice.


Discussion

The option to do nothing was discarded at the options appraisal as there is a requirement to improve the current system of how data is collected and to ensure that the data is meaningful and accurate (Byrne, Jordan & Welle 2013). The buy-in options has limitations on the product itself and its cost to install.

The option chosen was to build in house for several reasons: 

· The use of RFID has been shown to reduce the costs of staffing and improve the efficiency within a system when used correctly (Zhu, Mukhopadhyay & Kurata 2012). 

· The ability to link in with an existing network of RFID readers will reduce the cost of implementation as expanding an existing system currently managed in house would be cheaper than setting up a whole new RFID system.

· The cost implications of buying in the technology and ongoing costs to develop the package to make it bespoke for SSNAP were too high. And the potential for this to increase due to changes in software / hardware requirements. 

· Establishing a project team with members who already have experience in setting up RFID systems within the health board. Knowledge within the project team of the system minimum viable product (MVP) and lived experience of installing and managing the RFID system. 

· Ability to adapt the product iteratively to support additional pathways in the future and improve patient safety in several other health conditions.
 
· The opportunity to set up a “Once for Wales” system to measure and report SSNAP would benefit multiple health boards in the future. (Informed Health and Care: A Digital Health and Social Care Strategy for Wales 2016).

· Local IMT knowledge will assist with the development of interoperable software and link with the All-Wales systems that may not be known to external contractors thus futureproofing the system. 

· Agreement with IMT service to support the additional development work required and that the work will be shared with the wider team to ensure continuity of service.

·  Project meets the FITT framework for task, technology, and the individual and has the appropriate System Usability Score (SUS) (Jordan et al. 1996).

The project team will complete the business case and get agreement to procure the required system and staff training through the appropriate processes. The system will be procured as a capital purchase of a bespoke development on a fixed price contract. Additional RFID tags will be purchased in bulk on a price per unit basis. The invitation to tender line with local tendering procedures will be send out and once completed, the Evaluation process can take place with subsequent requests for clarification if required.  

The contract negotiation will be left to the procurement team and the project team will need to work alongside procurement to identify realistic timescales for implementation in the project plan. 

With the system being built in house the main procurement will be hardware and staff training costs as the RFID systems will need expanding not implementing from scratch. The project will take an MVP approach that will be iteratively scaled over time. 
There are clear measurable outcomes in the SSNAP dataset that will demonstrate the service improvements that this digital technology will produce.  

Conclusion

· The digital solution has the potential to deliver improved patient care that will be evidenced by improvements in SSNAP scores. The value of this Iterative project is it can be measured by improved SSNAP scores, and later in clinical time available by repeating the ethnographical inquiries and eventually reducing the need for labour intensive record audits. The early warning system will ensure that all staff on the pathway are alerted to their need to intervene from the point of admission. This system has the potential to be spread and scaled across Wales as a “Once for Wales’” option for several health conditions (Informed Health and Care: A Digital Health and Social Care Strategy for Wales 2016).
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