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1. [bookmark: _Toc176514984]Introduction

Historically, healthcare has always been dictated by an optimum pathway that enables a patient to efficiently move through a care pathway to receive care. These pathways have been designed as a ‘one-size fits all’ depending on the patients’ specialty or diagnosis. By introducing Patient Recorded Outcome Measures (PROMs) a more personalised patient focused level of care can be established. This can introduce value into the healthcare system not only for the organisation, but for the patient. Through established research methods an increased knowledge can be gained to understand the viability of approaching healthcare in more nuanced way. PROMs are a recognised international approach to capturing healthcare outcomes. By leveraging established outcome questionnaires, initially on a micro level and scaling to a macro level, the successful delivery of outcome measures will be used to create a whole population view of healthcare within individual health boards and Wales. This should move healthcare pathways from a traditional clinical led system to a data-driven outcome-based system that can deliver essential care to the population whilst also delivering value to the organisations involved. The deliverables of this research will establish which Outcome Questionnaires can be used to generate the best value for the organisation and the population. A focus on the data outputs from the questionnaires will also be explored, detailing the analytical techniques to visualise and embed into a more modern approach to healthcare.  
[bookmark: _Toc176514985]2. 	Background 
[bookmark: _Toc176514986]2.1.1 Traditional Healthcare Pathway
In a healthcare setting, care pathways are a way of standardising the essential steps for a patient to receive treatment. 
For example, a scenario for a traditional ‘Scheduled Care’ pathway could be seen as:
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[bookmark: _Toc176515015]Figure 1- Traditional Patient Pathway
Illustrated in the diagram above, an elderly person has gone to their GP with a complaint of knee pain. The GP refers to the orthopaedic department for further investigations. Investigations show that a knee replacement procedure is the best course of action. The procedure is performed, and a series of rehab sessions undertaken. Social care become involved to ensure that the patient is recuperating successfully and adapting in their home environment.
Although the example above is of a fine-grained level it is used to elucidate the general idea of a care pathway. However, in traditional healthcare the steps are predetermined and are not usually deviated from unless there is an adverse reaction from the patient. This is where Patient Recorded Outcome Measures have been introduced to modernise the way health care is delivered.
[bookmark: _Toc176514987]2.2.2 Research and Literature Review of Patient Recorded Outcome Measures
As data is recorded from all interactions with healthcare professionals, and reported to the various government bodies, little attention has been noted from the outcomes of these interactions. By the introduction of outcome measures an organisation can quantify the care that is being received. One major advantageous effect of measuring outcomes, especially in a standardised way, can be to evaluate the outcomes against other organisations.
Outcome Measures were initially researched by Professor Michael E. Porter from Harvard Business School through his book ‘Redefining Healthcare’. By shifting focus into a value-based healthcare approach can create a more patient-centred attitude to healthcare. The key principles from his studies defined the focus should be on value for patients rather than reducing expenditure [1].
Porter et. el. in 2012 founded International Consortium for Health Outcomes Measurement (ICHOM). This organisation was formed to build on his foundations to create a framework to enable standardised Outcome Measures in healthcare environments.
Patient Recorded Outcome Measures have been introduced throughout the health boards within Wales, via the Welsh Government, to create a Minimum Dataset (MDS) to capture these outcome measures. The three main drivers behind implementing PROMs are:
· Help the patient and clinician to determine what care is best,
· Compare performance across health boards, and
· Plan for future service developments.
· 
Source: https://proms.nhs/wales/faq
By introducing outcome measures into health care more knowledge can be gained for the needs of the population. Traditionally, funding and service delivery has been based on a high-level demand in a retrospective manner. For example, by aggregating the amount of hip replacement surgeries that have taken place throughout previous years will inform the organisations the possible demand for this intervention within the next year. 
A lot of common themes through literature review stated the challenges in implementing PROMs. Willaims et al. cover how the reinforcement of how the data is collected and stored is needed to mitigate risk and further adoption of this type of data collection [2]. Although these opinions are valid, healthcare organisations spend a lot of resources and budget allocation of procuring and securing their data. This will be the case with the PROMs implementation for PTHB. Data security is always a primary concern that is addressed at the initial stages of any data collection project.
Further barriers that have been explained by Nelson et. al. in how the ways of working need to change. Through interviews with clinicians there was apprehension to conduct PROMs due to the increase in workload, when clinicians are already pushed to their maximum capabilities. It was noted that clinicians already have the knowledge for each patients’ conditions, and they don’t need to rely on a further system to validate their concerns. To mitigate these against these doubts, sufficient literature and information is needed to understand the potential of using PROMs [3]. The questions that have been posed from this research only briefly explained the solutions to these issues. A more in-depth analysis could have been conducted, such as, case studies highlighting how PROMs have changed health care in other organisations.
Technology constraints are also a concern of many organisations in health care. One big factor is utilising patient facing browser-based data collection forms. Usually, health boards prefer to have all their data on premise to ensure maximum security. Although, there is a shift to opening architecture to allow patients to access certain modules within the health cares data repositories. This includes PROMs [4] [5].
Standardisation of PROMs reporting is an important part of their success. As discussed through this research the importance of have standard reports on a national and international level can improve the way PROMs are used and utilised. Traditionally, performance is measured by volume metrics i.e. how many patients were seen within a certain timeframe. This can cause data manipulation that blemishes the factual accuracy of these measures [6] [7]. By having these standards and recognising the logic used to create the measures will ensure the integrity and an even measurement across the board.
PROMs need to have input and collaboration from all sectors in an organisation, from clinicians to analysts [8]. To enable the effective analysis a multidisciplinary group must be established. From ana analytical aspect there needs to be a function that adds value to the use of PROMs. There can be many different forms of analysis, but choosing the correct type align with the needs of the organisation. For academic and research purposes certain statistical formula can be applied to gain an insight into the data. But applying the relevancy to real life situations can affect be mis-aligned. Korn et. al. does highlight certain statistical analysis relating to PROMs data [9]. Including T-Tests, measures of dispersion and percentiles. These types of analyses have a good foundation and can highlight areas of data that can improve insights.
Overall, a lot of the research and literature reviews highlighted the lack of data analysis from the data collected from PROMs. This can be due to the maturity of mass adoption of PROMs and any real insights have yet to realised. The idea of this research is to understand what analysis is already available and to create an approach that not only builds on existing research, but creates new avenues for research.
[bookmark: _Toc176514988]2.2.3 Powys Teaching Health Board and Patient Recorded Outcome Measures
Powys Teaching Health Board (PTHB) is unique in the way it operates compared to other health boards in Wales. Currently, there is no District General Hospital (DGH) located within PTHB’s boundaries. This results if most services being commissioned to other providers throughout Wales and bordering CCGs in England.
A directive from Welsh Government mandates all health boards to submit data based on a standardised set of data points. Patient Recorded Outcome Measures will be one of these datasets. The introduction of PROMs to the health board is inevitable and PTHB must embrace the change in the way health care is delivered.
Some aspects of PTHB that will be noted is the aging population, as shown in the figures below. There has been an increase in the demographic of 5.1% of people aged 65 and over. This can be seen as a relatively good issue that people are living longer, however, the standard of health is declining. Many subjects within this demographic have multi-morbidities that contribute to a lower health level.
By introducing PROMs an untapped flow of data can be realised to gain a more informed understanding of the populations health.
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	[image: ][bookmark: _Toc176515017]Figure 3 - Powys 2011 Census Age 65+
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[bookmark: _Toc176515018]Figure 4 - Powys 2021 Census Age 65+ Info
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[bookmark: _Toc176515019]Figure 5 - Powys 2011 Census Age 65+ Info



Source: https://www.ons.gov.uk/census/maps/change/population/age/resident-age-3a/aged-65-years-and-over?lad=W0600002
[bookmark: _Toc176514989]3. Aims and Objectives
Aim: 
Deliver appropriate analysis of Patient Recorded Outcome Measures that enables PTHB to modernise the way health care is delivered.
Objectives:
· Collect appropriate number of PROMs from EQ5D questionnaires and collate them in appropriate storage format,
· Liaise with key stakeholders to ensure goals are achievable and suitable for their needs,
· Apply statistical analysis to the data to output relevant measure for local scrutiny and national submissions,
· Review on-going needs for PROMs and introduce pathway relevant questionnaires.
[bookmark: _Toc176514990]4. Methodology
[bookmark: _Toc176514991]4.1 Research Methodology
[bookmark: _Toc176514992]4.1.1 Philosophy
Choosing between a positivist or phenomenological research methodology can be easier with some research subjects compared to others. By leveraging the advantages of both can add a positive notion to the research project.
By relating the research methods to the subject of PROMs there can be an understanding of factual quantitative figures and the lived experiences of those conducted in the research.
For the research aspects we can gain an understanding of what PROMs can deliver through the data and can apply to service redesigns and a further knowledge of the needs of the population. This can be conducted through a positivist approach.
A more phenomenological research approach we can understand how using PROMs can, in a hope improve the livelihoods of patients and deliver a more personal approach to care. By researching how PROMs can change a patient’s life, health care wise, a more understanding of how we can use the data can be used.
[bookmark: _Toc176514993]4.1.2 Approach
A deductive approach with be taken for this research. The advantage of using this approach is garnered from the existing research that has already been undertaken. By reviewing existing case studies and patient stories it can be concluded based on the hypothesis of:
Analysing Patient Recorded Outcome Measures improves patients’ health care and organisational management.
To prove or disprove the hypothesis will be conducted over a period to measure key indicators to show the improvement within an organisation.
[bookmark: _Toc176514994]4.1.3 Risks & Limitations
As with any project, there is always risk. However, at a high-level the risk for PROMs failing can have an adverse effect on the industry. Mitigation must be assessed to address any risks that occur. 
Factors that can prevent the project from succeeding include a low adoption of collecting PROMs. To gain any insight into the data outputs mass adoption is needed. For all sectors in health care to collect PROMs is an ideal situation. From primary care, secondary care and tertiary care there needs to be an accessible function for this data to be collected. Opening the architecture of a PROMs platform can reduce these risks, if the Data Governance is implemented to an acceptable standard this can be possible.
The limitations can only be evaluated by the knowledge of using PROMs effectively. As PROMs can act as a clinical function as well as an aggregate data collection function, the implantation must be correct from the initiation. At a clinical level, a clinician must make effective use of the data provided from a PROM to assess the correct way to care for a patient. By utilising the data, a clinician can sign post a patients care to a more suitable environment providing a more effective level of care. At an aggregate level, directorates and services can understand their population better and directly resource an area where care is needed or in some cases not needed.
[bookmark: _Toc176514995]4.1.4 Ethical Issues
With any health care data this is always ethical issues in how the data is used. Even though the outcome of using the data may be well intentioned there needs to be consideration in how the data is collected, stored and what gains there are to holding the data. Special consideration needs to be taken for the consent in which the data is used. As with most health data, consent is implied to treat a patient and, in most cases, data can be shared if it meets the requirements of GDPR. As more health care organisations seek expertise from third-party providers to provide services, a clear and available policy needs to be set that is transparent for clients and patients to view.
Outcome measures hold personal details that the only intention is to improve a patient’s health. By minimising the risk and understanding of how the data is processed is important to ensure that a code of ethics is adhered to.
[bookmark: _Toc176514996]4.1.5 Validity, Reliability & Generalisability
[bookmark: _Toc176514997]4.1.5.1 Validity
A lot of different research methods have been used to analyse the use of outcome measures. Sometimes this can cause validity issues in that conclusions can sometimes be conflicting. By researching the different approaches, a valid opinion can be achieved, and a universal approach can be taken.
[bookmark: _Toc176514998]4.1.5.2 Reliability
From the research and literature reviews carried out, the consensus is that Outcome Measures are a more improved way to deliver health care. For an organisation, such as ICHOM, to standardise the approach or collecting the data can assure the reliability of the data in an interoperable manner. As the standard is set it becomes easier to share data and measure similar outcomes to produce an unbiased approach to decision making.
[bookmark: _Toc176514999]4.1.5.3 Generalisability
Although this research is directed at using outcome measures, reported by the patient, the general idea of using outcomes to measure and key indicators can apply across not only the health industry but also other industries. As health care is not consumer focused, outcomes and choice can affect the way a person will approach health care. For example, as PROMs are predominantly used to measure a patient’s health over a period, they can also be used to benchmark against other health boards [10]. NHS England has the approach of a patient can choose where they receive their care, so if better outcomes are shown in one organisation, then a patient could choose to be cared for in that environment. Not only does this the patient a better chance for a better outcome it can also help the primary organisation to improve their outcomes. However, this is not the case with NHS Wales organisations. Each health board has a responsibility to look after their own residents and any patients who receive care elsewhere will be repatriated to their residential health board. 
Within the NHS Wales eco-system, PTHB is an outlier, in that it does not provide acute care and instead commissions care to neighbouring health boards, not only in Wales but across the border into England. By having a set standardisation for PROMs, PTHB can measure each care organisations outcomes and make decisions of where is the best place to commission services.
[bookmark: _Toc176515000]4.1.6 Data Evaluation Methods
[bookmark: _Toc176515001]4.1.6.1 Data Collection
The data that will need to be retrieved to analyse PROMs can be categorised into two baskets. 
1. General Health PROMs
2. Condition Specific PROMS
A general health PROM is known as a ‘EQ-5D’ questionnaire. This prom measures across 5 dimensions, such as:
· mobility, 
· self-care, 
· usual activities, 
· pain/discomfort, 
· anxiety/depression.
As described by Ramos-Goñi et. al. [11] an EQ-5D questionnaire will ask a participant 5 questions with 3 possible answers to each (no, some or extreme problems). This will generate a possible 243 data points that can be used to determine an EQ-5D index score.
Some examples of condition specific PROMs can be the Oxford Knee Score (OKS) and Oxford Hip Score (OKS). These are both developed by the University of Oxford and asks 12 questions based on mobility and function of patients undergoing surgery. 
[bookmark: _Toc176515002]4.1.6.2 Data Evaluation
Evaluating the data from PROMs can be in a general populous manner or a more specific directorate and/or condition level. The statistical aspect of the data would be inline with PTHB’s standard operating processes. The most common themes for analysis include:
· Prevalence – how prevalent are the results compared to the volume of the population,
· Referral Rates – is there any geographical significance of where the medical conditions are occurring,
· Age related analysis – with an aging population how can we use to data to understand the needs for this demographic and future proof the health services provided,
· Forecasting – utilise modern technology to forecast the future populations health needs. 
[bookmark: _Toc176515003]4.2 Development Methodology
[bookmark: _Toc176515004]4.2.1 Software Development Methodology
Inline with PTHB’s Business intelligence policy an Agile approach will be used to develop the outputs. By creating a feature driven development cycle on-going and new techniques can be used to incorporate PROMs into a business-as-usual activity.
Holding regular sprint sessions and using appropriate development recording software, in this case Azure Devops, steps can be made to ensure that initial and future development is maintained. As PROMs are used more to change the face of healthcare an ever-evolving development cycle needs to be established. The methodology that is dictated by the Agile framework allows for the future proofing of this project. 
[image: Why should you use a feature-driven development?]
[bookmark: _Toc176515020]Figure 6 - Agile Framework
Source: https://www.google.com/url?sa=i&url=https%3A%2F%2Faist.global%2Fen%2Fuse-a-feature-driven-development&psig=AOvVaw2RIz7StkEuun0XjiyS5YvX&ust=1725621372964000&source=images&cd=vfe&opi=89978449&ved=0CBYQ3YkBahcKEwiYo97g1quIAxUAAAAAHQAAAAAQBA

As new data is collected and used efficiently new features can be realised from an ever-changing health landscape. The more prominent PROMs are in healthcare the more aggressive the development will need to be.
[bookmark: _Toc176515005]5 Resources and Planning
[bookmark: _Toc176515006]5.1 Hardware Resources
Powys Teaching Health Board has adopted an approach of ‘Cloud First’. The idea is to host and designate any compute resources off-premises via a third-party. For the foreseeable, the hardware and data storage accounts will be hosted by Microsoft Azure.
[bookmark: _Toc176515007]5.2 Software Resources
The software layer will be using Databricks. This data platform has been procured by PTHB to manage and use the analytical capabilities within the package. Databricks, along with Microsoft Azure use a browser-based access point. This reduces the need to download and install software on individual machines.
[bookmark: _Toc176515008]5.3 Information Resources
The information and data resources will be generated by the patients themselves. This data will then be collected by the preferred supplier that PTHB has procured. This data, although collected by an external organisation will belong to the health board. Accessing the data has been at the forefront of contract negotiations and will be supplied via secure API links into PTHB’s cloud environment.
[bookmark: _Toc176515009]5.4 Human Resources
To enable this project to be successful there will need to be a level of testing and understanding of the measures collected. As the aim of this project is purely the analytical aspect of PROMs an agile approach is taken. By regularly reviewing the analytical outputs by service delivery managers and peer-reviewed sessions to ensure the correct outputs are achieved.
[bookmark: _Toc176515010]5.5 Project Plan
As with any project management a timeline is essential in the successful delivery of the desired subject. The project management for the whole of the PROMs in the health board is shown below.
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[bookmark: _Toc176515021]Figure 7 - Gantt Chart
The initial concept of implementing PROMs into Powys Teaching Health Board has been envisaged for several years. However, as explained previously, the notion of nationally submitted datasets has accelerated the need to implement a PROMs solution. Before the start of the timeline a procurement phase was undertaken. This was incorporated into the viability study to understand the resources needed to implement and manage PROMs.
[bookmark: _Toc176515011]Conclusion
In conclusion, Patient Recoded Outcome Measures are becoming a mainstream factor in health informatics. This will create a huge change in way in which health organisations operate. The benefits have already been highlighted in many research papers, has discussed above. The challenges that are faced in how to use the data to realise the advantages and what needs to be created for the successful implementation and analysis of PROMs.
[bookmark: _Toc176515012]Person reflection 
Throughout the research, there has been a lot of contributions around the implementation of PROMs but not so for the analysis. To reflect personally there seems to be a gap where this can be exploited. The underlying foundations to understand what needs there is for analysis may not have been fully assessed, but through rigorous development and testing the outputs from Outcome Measures can utilised to add more value to PTHB as an organisation.
Future learning can be achieved to expand personal knowledge of different statistical features and apply them to the PROMs dataset.
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