Improvements to the Symptom Checkers on the NHS 111 Wales Website.
Introduction
National Health Service (NHS) 111 Wales Service
NHS 111 Wales is a telephone triage and advice helpline for urgent and emergency health advice that is not life threatening (NHS 111 Wales, 2022a). It was formerly known as NHS Direct Wales and on 1st April 2007 control of the service was taken over by the Welsh Ambulance Services NHS Trust (WAST) (Llywodraeth Cymru, 2008) The transition from NHS Direct Wales to NHS 111 Wales was started in 2016 and the rollout of the service across Wales was successfully completed in April 2022(Llywodraeth Cymru, 2022b).
Between April and November 2022, the service offered 637,896 calls (Llywodraeth Cymru, 2022a) and is available 24 hours a day,7 days a week.
When a caller accesses the service, they are triaged by a non-clinical call handler who assesses the severity of the caller’s symptoms using an in-house clinical decision support software (Clinical Assessment System (CAS)) and call streaming and prioritization tool (CSPT). Then if required further clinical assessment is provided by various healthcare professionals including nurses, paramedics, GPs and pharmacists.

NHS 111 Wales Website
In 2007 when the running of NHS Direct Wales passed to WAST a website, www.nhsdirectwales.nhs.uk was launched. This contained a health encyclopedia covering over 650 topics and also a detailed directory of health services (Digital Health, 2007).
In 2016 the website was rebranded as NHS 111 Wales. Between April and November 2022, it received 2,879,121 web hits (Llywodraeth Cymru, 2022a).
Today it contains
· A searchable directory of services (DoS) with details of local health services.
· Over 1000 Health A-Z articles.
· A Live Well section that has information on health promotion and disease prevention.
· A planned care area that provides information about hospital waiting times.
· 76 Symptom Checkers (also known as web guides) to provide users with advice about their symptoms and what steps to take next.
England and Scotland both have digital offerings although they differ significantly from that in Wales. 
In England two websites are utilized. NHS UK hosts a health A-Z, medicines A-Z, healthy living information and the DoS (The NHS Website - NHS, n.d.). In addition to this 111.nhs.uk hosts 120 symptom checkers (Get Help for Your Symptoms - NHS 111, n.d.).
NHS Inform in Scotland is a single website like that in Wales and hosts a health a-z, DoS, healthy living information and 23 symptom checkers (NHS Inform - Scottish Health Information You Can Trust | NHS Inform, n.d.). 
Symptom Checkers
There are 73 unique symptom checkers and 3 duplicates using synonyms hosted on the NHS 111 Wales website. These are a knowledge-based decision support tool and were developed by a clinical team within WAST and are written in a style that makes them easy for patients to understand. The rationale for each question is clearly explained and the symptom checkers were designed to support patients in making better informed decisions about their care and what services they may need.
Between April and November 2022 115,477 symptom checkers were completed (Llywodraeth Cymru, 2022a) on the NHS 111 Wales website.
The symptom checkers are for use by people over 12 living in Wales and use the same algorithms as the CAS.
Each of the symptom checkers starts with an introductory page that informs the user that they must be over 12 and living in Wales. They are instructed that for anyone under 12 or unsure what to do then they are to telephone 111. They are also instructed that for emergencies they are to dial 999.
The next step is where the user is asked to provide their postcode or nearest town. However, the answer to this question is not validated with the exception that is not possible to leave the answer field blank. The user can however type any text into this box even a single digit and the system will allow them to proceed. 
The 3rd step is where the user is questioned about their symptoms. Each question has 3 possible answers.
· Yes
· No
· Unsure
Each algorithm is written so that the initial questions are designed to rule out the most serious health conditions such as severe breathing issues or anaphylaxis. This way there is the shortest delay in the patient receiving urgent health advice.
The system follows the algorithm depending on the answers given by the user and reaches an outcome where it provides the user with a disposition (recommendation on what to do next) (Information Specification, n.d.). The further through the algorithm the user progresses the less urgent the dispositions become.
The dispositions that are available currently are
· Call 999 for an ambulance
· Call 111 for further assessment
· Attend Accident & Emergency (A&E)
· Contact primary care services
· Contact a dental practitioner
· Self-care
Each disposition page provides the user with the recommendation arrived at by the decision support algorithm. Depending on the disposition reached it will also provide advice and give links to other pages on the NHS 111 Wales website such as the ‘services near you’ page so the user can find the nearest location offering the service that was suggested. The disposition page also provides links to pages in the health A-Z that give further information about the condition and advice on what to do if the condition worsens.
Area for Enhancement
Requirement for valid postcode and update algorithms to take account of time of day.
An enhancement to the functionality of the symptom checkers could be facilitated by an improved collection of postcode information. NHS 111 England requires a valid English postcode before the user is able to proceed.
Adding a requirement for a valid Welsh postcode to the symptom checkers would mean that when a patient reached a disposition, they could be directed to the nearest location offering the service they require. An additional improvement to this would be adding an element to each algorithm that used the time of day and linked to the DoS so only services currently open would be offered. By taking into account the time of day the system would also be able to distinguish between in hours and out of hours times and amend dispositions accordingly. For example, under the current system a disposition of ‘contact your primary care provider within the next 2 hours’ would be given regardless of the time of day that disposition was reached. By incorporating temporal elements to the algorithm this could be changed to ‘call 111 to speak to the out of hours GP’ if the disposition was reached during an out of hours period. The current system leads to delays and confusion for patients who are unaware of the specifics of the out of hours periods and will often try and contact their GP in order to access out of hours clinical support.
This improved signposting would help patients access the right care, in the right place, first time which aligns with current Welsh Government policy (Llywodraeth Cymru, 2021). This could further be developed to link with such websites as My A&E Live to direct patients to the most appropriate service with the shortest waiting time to be seen even if that wasn’t the closest.
This approach would also bring the symptom checkers more in line with the five ’rights’ of clinical decision support originally suggested by Osheroff (2007). The proposed improvements would provide details of the most appropriate service at that time preventing the need for the patient to look for the information themselves thereby providing the right information to the right person rather than requiring them to find it themselves.
It would also be possible to use machine learning to identify patterns in the data to show if an unexpected number of uses of a particular symptom checker occurred in a particular area (Panch et al., 2018). This could be used to alert public health to an emerging health issue or to alert health board communication teams to publish information on a particular topic or condition(Berry, 2018). 
Improvements to the symptom checkers are iterative and it is anticipated that future improvements will include an increase in the age range they are suitable for and also that  the age of the respondent will be collected  in order to  look for trends in age group usage. Other future improvements include an increase in the number of conditions covered and a direct link with the CAS system allowing a call handler to see the patients answers if they reach a call 111 disposition and also to allow patients to book a call back allowing a patient to be added to the appropriate clinical queue enabling clinical teams to manage workload more effectively and prioritize higher acuity calls in times of peak call volumes. It would also free up call handlers as these patients would not ring into the service and therefore would not impact the queue of patients waiting to have their call answered.
Figure 1 shows the problem environment before and after implementation.
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Evidence review

Introduction
There are a number of reasons provided for the justification for the implementation of online symptom checkers. These include:
· Enabling patient engagement (EBSCO Health, 2020)
· Provide the user with easily accessible information about their own health conditions (Müller et al., 2022)
· Empower patients to independently assess their symptoms (Laukka et al., 2021)
· Provide patients with quick help and standardized management instructions (Kujala et al., 2020)
· Encourage patients with life-threatening symptoms to seek help quickly (Pendlebury, 2018)
· Reassure patients who do not require assistance to remain at home (Pendlebury, 2018)

NHS Digital states on the NHS 111 online website in England that “NHS 111 online allows patients to get urgent healthcare online. It also helps to manage increasing demand on 111 telephone services.”
This review aims to identify if the introduction of symptom checkers has been beneficial in reducing demand on the urgent and emergency care system in Wales.
 
Key Question
How do online symptom checkers affect the demand on the urgent and emergency care system in Wales?
Questions guiding the review.
Do symptom checkers reduce calls to 999 and 111?
Do symptom checkers reduce attendance at accident and emergency departments?

Method
This critical literature review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
The tools used for the literature search were PubMed, Embase and Google Scholar. 
The searches were conducted between January and February 2023.
The bibliographic software used was Mendeley.
The following keyword/ keyword combinations were used
· Symptom Checker
· Triage accuracy 
· Diagnostic accuracy
· Impact
· Benefit
· Advantages/Disadvantages
· Performance
. The searches were refined by the use of the filters below.
· Date published (2015 or later)
· Full text only
Exclusion criteria
Paper studying symptom checkers with the following characteristics were excluded.

Table 1
	Speciality symptom checkers that focus on a single condition eg Opthalmology

	Symptom checker not available to access via the internet or via an app within the UK

	Symptom checkers only for paediatric conditions



Results

There are a number of reviews in the literature looking at the diagnostic and triage accuracy of symptom checkers. These look at a wide range of online symptom checkers and while they provide a useful insight into the overall accuracy of symptom checkers as an area of computerised diagnostic decision support not all of them focus on the effects on the health system they are part of. 
There are no studies in the literature that pertain specifically to online services or symptom checker usage via NHS 111 in Wales. There are however a small number of studies that look at NHS 111 Online in England and the impact it has on other parts of the health service. Although NHS 111 in England operates on a slightly different system to that in Wales and also offers a wider range of symptom checkers available to a greater age range it is the most similar model to that used in Wales and therefore these studies can be regarded as relevant to this review.
The literature search identified 9 publications looking at over 30 different studies. Strength of evidence ranged from moderate to weak.
The results presented were varied but suggested overall that symptom checkers are less accurate than clinicians and potentially have a negative impact on urgent and emergency care services

Chambers et al. systematically reviewed evidence on online symptom checkers and similar services following the introduction of the NHS 111 online service. They found that accuracy of signposting was inconsistent and suggested that a national digital service to could lead to a considerable number of patients receiving inappropriate advice to contact urgent and emergency care.(2019) They also identified a significant risk of bias as many of the studies are published as grey literature and sometimes by the software developers themselves.
Turner et al. looked at the effect that NHS 111 online had on the NHS 111 telephone service. While they found that the online symptom checkers had little effect on the telephone service but there was potential to increase demand, they did identify that online users were less likely to contact emergency services or any health service within 7 days of contact.(2021) This study was also one of the few that considered the monetary cost of the different services noting that unless ≥38% of telephone users moved online there would be a negative cost implication to the health service.
The later study by Simpson et al. showed similar results but also suggested an increase in the number of dispositions given that had a negative effect on urgent and emergency care (2022). The strength of evidence for both these studies should be regarded as moderate because of their observational nature. Both look at the NHS 111 online system not long after it’s inception and before the COVID-19 pandemic greatly increased public awareness of the NHS 111 online offering.
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Ceney et al. recognise not only the potential for them to help with system demand, but also the potential to create false reassurance and subsequent harm to patients. Poor diagnostic accuracy amongst the papers reviewed was noted along with wide variation between the systems studied although a good level of accuracy and disposition safety was recorded.(2021) 

Wallace et al. found that diagnostic accuracy was low in all studies reviewed and ranged from 33-58% but that triage accuracy was higher ranging from 49-90% with urgent cases triaged more accurately than non-urgent.(Wallace et al., 2022) The authors argue that triage accuracy is of more importance given that symptom checkers are increasing being used to direct patients towards appropriate treatment. This may well be the case but the increased accuracy of triage for urgent cases over non-urgent would tend to suggest that they may lead to an increase in demand on the system. 

The earlier work by Semigran et al. suggested limitations in diagnostic accuracy of symptom checkers and is widely cited in the papers above. They showed that symptom checkers correct advice on the level of required care only 50% of the time (2015)

Pairon, Philips and Verhoeven also found significant variability in triage accuracy across the 28 studies they reviewed. (2023). Another finding that was replicated in some of the other papers in this review was that symptom checkers developed by governmental organisations showed poorer triage accuracy than those created by a commercial company. Evaluation of the impact on the burden of health services was again highly variable. 

Despite the number of papers and previous reviews of the literature that have been completed it isn’t possible to determine the effect that symptom checkers have on system demand for urgent and emergency care in general due to the wide variability in results. This in part may be because of variations in study design and a lack of a standardised evaluation process of online symptom checkers. While it would appear that many studies are similar due to their use of clinical vignettes there are many differences in methodologies including benchmarking of results. These conclusions are further expanded on in the paper by Painter et al who propose 15 recommendation requirements for an online symptom checker evaluation standard.

Implementation issues

Clinical risk management should be carried out by any organisation that is responsible for deploying, developing and modifying health IT systems. In England both manufacturers and deployment organisations have a statutory obligation under the Health and Social Care Act 2012, Section 250 (Health and Social Care Act, 2012), to comply with 2 standards. These are DCB0129 for manufacturers and DCB 0160 for deployment organisations.
These standards require that organisations have a clinical safety officer (CSO) and they both have a number of documents that must be produced to show compliance with the standards.
These are:

· Clinical risk management plan
· Hazard log
· Clinical safety case report
· Safety incident management log

While these standards are not currently mandatory in Wales due to the amended Health and Social Care (Quality and Engagement) (Wales) Act 2020 (Health and Social Care (Quality and Engagement) (Wales) Act, 2020), Digital Health and Care Wales (DHCW) is in the process of adopting these standards. Neither WAST or NHS 111 Wales has a CSO and to comply with these standards it would be necessary to appoint one. As there is currently little experience within Wales on completing the required documents a partner organisation would be appointed to ensure compliance with the standards.

The introduction of the NHS 111 Wales website was heralded as a way to reduce demand on the 111 Wales telephone service. However, because it functions in addition to the telephone service it has added another access point to urgent care for patients and work in England has showed no positive benefits on telephone demand following the introduction of their online service and in certain areas the increase in more serious dispositions (Simpson et al., 2022) 
One factor in these findings is the fact that decision support tools such as symptom checkers to help patients choose the most appropriate gateway to care have been associated with being responsible for an increase in system demand rather than the planned for reduction. Turner et al showed that 35% of patients who used an online symptom checker did so because they did not want to use the telephone and that a further 11% did so because they had already tried the telephone but found that the call waiting time was too high(2021). It could be argued that a proportion of these patients would not have accessed health services if the online system did not exist. While this can be seen as a constraint on the implementation of online symptom checkers in general or in this case the improvement of the signposting advice given, this is only a negative if the sole driver of the project is to reduce demand on the heath system. However, there are two other elements that need to be taken into consideration. Increasing access to care and meeting the information needs of patients.
The deployment of improvements to the existing suite of symptom checkers both improves access to care and increases the accuracy of information provided to patients both of which lead to an increase in the percentage of the population who are able to access advice on health services and who can be signposted to the most appropriate setting to meet their needs.

There are a number of studies in the literature that describe risk adverse behaviour in online symptom checkers and detail the impact on health service usage (Berry et al., 2019; Shen et al., 2019). Celeny et al. go on to demonstrate that many online symptom checkers including NHS 111 online in England recommend patients access services that are not appropriate as their symptoms are not severe enough to warrant it.(2021). This argument is not limited to online services however and it has also been shown that the NHS 111 telephone service has continued to grow since its introduction but has not led to a reduction in demand on other services(Pope et al., 2017) and in some cases has increased usage of Accident and Emergency (A&E) departments (Iacobucci, 2017).
The symptom checkers hosted on NHS 111 Wales recommend self-care or accessing such primary care services as community pharmacy, ophthalmology or dental services 30% of the time (Llywodraeth Cymru, 2022a). Currently patients often re-enter the 111 system if they are unable to access the service recommended. This is often because it is not open or because there is no availability due to demand. By improving the accuracy of the signposting advice given and providing patients with the location of the most appropriate service for them that is currently open the implementation of this project could help prevent this situation occurring.

By asking the user for a valid Welsh postcode there is a potential that this amendment to the symptom checkers could reduce the accessibility of this tool leading to reduced user engagement.
The user may be unable to provide their postcode for a variety of reasons
· Poor digital literacy.
· Incapacity for reasons such as dementia or confusion.
· The user may be away from home or may be a visitor or holidaymaker not resident in Wales but in need of urgent or emergency care or advice on the day.
This in turn could lead to an increase in the number of people accessing the 111 service via the telephone and consequently an increase in call waiting times and delays in patients accessing treatment. 
This potential issue could be managed via the technology the patient is using to access the symptom checker. In 2022 84.74% of all users who started a symptom checker on the NHS 111 Wales website did so on a mobile device. The remainder did so on a laptop or desktop PC (Google, 2023). As mobile devices are able to provide location data it would be possible to use this information instead of the postcode if the user provided consent. The use of other location services such as What3words is already widespread amongst UK emergency services with over 100 organisations including WAST accepting 3-word addresses (what3words, n.d.). These digital solutions would allow the automatic provision of the patient’s location and enable the provision of enhanced signposting advice.

Unlike England, Wales does not have a national directory of NHS services and currently the directory used by NHS 111 Wales is curated from a number of sources including
· The All-Wales Pharmacy Database – maintained by the NHS Wales Shared Services Partnership.
· The National Defibrillator Network – maintained by The Circuit.
· Ophthalmic and Supplementary Ophthalmic List - maintained by the NHS Wales Shared Services Partnership.
· Dental Performers List - maintained by the NHS Wales Shared Services Partnership.
· Health Board Services – maintained by the 7 individual Health Boards.

These lists and databases are static and, in many cases, represent only services that a particular location may be commissioned to provide but not depict an accurate picture of services available at any current time. This can lead to patients attending a particular location to access a service only to find that it is not available. In this event patients often recontact 111 to obtain further information as to where they can attend. While live service data is not currently available across all areas, information regarding A&E wait times is available and this would be factored into the advice given by the symptom checkers. The use of published opening hours combined with updated algorithms that take account of the time of day will improve the quality of signposting given especially on weekends where opening times of services such as opticians and pharmacies can vary considerably. 


Evaluation

Since the creation of the Healthcare Commission in 2004 and then its responsibilities being taken over by the Care Quality Commission in 2009 all NHS Trusts have had a requirement to collect and report on feedback received. This has changed the way that the quality of care and services is assessed (Brookes & Baker, 2017).

The evaluation of decision support tools is determined by the context of the tool and as such there is no one size fits all solution.
Evaluation can be divided into 2 broad categories: Formative & Summative
· Formative – looks at the functions of a decision support tool and its feasibility. May involve Delphi studies, workflow analysis and focus groups.
· Summative – looks at the outcomes and effects – involves process measures but is dependent on the purpose of the decision support tool. (Lobach, 2016)

Table 2 shows a summary of formative and summative evaluations

Table 2
	Formative Evaluations
	Summative Evaluation

	CDS Feasibility and Function
	Process Measures and Outcome

	Should it be built? Can it be built?
	Clinical and nonclinical outcomes

	Ensuring tool functionality (technical function)
	Cost analysis

	5 rights of CDS
	End-user satisfaction

	Usability and human factors analysis
	



Both Lobach and Douthit et al. agree that both formative and summative factors must be included to evaluate the success of a decision support tool(2017; 2016).

User experience is an important element of formative evaluation and this will be achieved via a number of routes. These will inform the continuing user centred design of the symptom checkers and contribute to reinforcing user trust in the outcomes. This is vital moving forward as the NHS adopts a ‘digital by default’ position.

Currently when a user completes a symptom checker on the NHS 111 Wales website and they reach a disposition a survey box pops up asking if the patient intends to follow the advice given, if the patient found the symptom checker useful and the patient’s age. This is not a useful way of gathering patient feedback as only 5% of users who reach a disposition complete this form (NHS 111 Wales, 2022b). However, a number of patients who did feedback expressed a lack of understanding with regards certain elements of some of the current iterations of symptom checkers.
It is planned that with the deployment of the new versions a question be added at the bottom of every page of each symptom checker asking if the page makes sense.
If the patient answers no then they will be asked for their feedback at that point. This will enable the collection of user feedback even if the user doesn’t reach a disposition and it will also show which page or element of the symptom checker lead to a lack of user understanding. This information can then be used to inform decisions on the design of the interface or the wording used.

WAST frequently employs user researchers on a short-term basis to gather information on specific aspects of the service. It is envisaged that a researcher would conduct interviews with both focus groups and on a one-to-one basis and also employ moderated usability testing. NHS 111 Wales does not have a dedicated group of users for such groups. It usually recruits via the WAST People and Community Network which is a group of people whose goal is to help develop and improve the services provided by WAST and is made up of patients, service users, carers and relatives, wider stakeholders of WAST and the people of Wales(People & Community Network - Welsh Ambulance Services NHS Trust, n.d.). NHS 111 Wales also recruits people for user groups via social media.
This would enable user questioning on the patient’s perception on the level of care they believed they required before completing the symptom checker and the level of care response provided by the symptom checker. This could demonstrate the effect that symptom checkers were having on the system. Work by Winn et al. looking at pre-encounter intent compared to post-encounter intent showed that 32% of interactions they analysed showed a reduction in the required level of care and only 4% showed an increase. They also showed that the level of patients who were uncertain about the level of care they required decreased by 13% (2019). This information would also help to confirm or refute risk adverse symptom checker behaviour.
A further study has shown a higher level of acceptance of symptom checkers amongst younger populations with 71% of patients aged between 18-39 years prepared to use a symptom checker against only 51% of patients aged between 55 and 69 years (Healthwatch, 2019). Although this trend should be expected as younger populations tend to be more digitally literate it is interesting to note that younger populations also tend to regard symptom checkers as being more useful for self-triage rather than for self-diagnosis (Aboueid et al., 2021). There is some evidence in the literature to back up this sentiment with a systematic review conducted by Wallace et al. showing multiple studies where triage accuracy was higher than diagnostic accuracy (2022). The symptom checkers on NHS 111 Wales do not provide a diagnosis and are purely for self-triage purposes. It would be useful to collect age data in the questionnaire to ascertain if there are any trends in usage based on age and as detailed above future iterations of the symptom checkers could ask for the age of the respondent to allow the collection of more wide-ranging data.  
The questionnaire would also include questions about what action the patient would have taken if the symptom checker was unavailable. This information will enable reporting on areas of the service that are being impacted by the symptom checkers and will hopefully show that the symptom checkers are steering users to more appropriate care settings and reducing demand on urgent and emergency care.

NHS 111 Wales also does user research around the usability of its digital services and occasionally has been able to work with groups who have low digital literacy or who suffer from digital exclusion. As discussed above the requirement for postcode or location data could reduce the accessibility of the symptom checkers and user feedback will be required to assess if this is the case especially for vulnerable users including those with low digital literacy. NHS Digital lists ‘design’ as one of the major barriers to digital inclusion(NHS Digital, n.d.). If the postcode/location requirement was causing an unacceptable number of people to abandon, then this requirement or its implementation could be reconsidered or an option to proceed without providing postcode/location information could be implemented enabling patients to complete the symptom checker without the enhanced functionality of location services. The NHS 111 online service in England currently requires a valid postcode to complete a symptom checker and does not provide the option to proceed without one. However, there is no information available regarding abandonment rates.  and it could be that this requirement. 

A reporting tool would be implemented to collect information from call handlers where patients have contacted the service via phone having attempted to fill in a symptom checker but been unable to complete that journey. As an organization WAST routinely collects a huge amount of data about phone calls into the system and the dispatch and location of ambulances and this data is analysed and interpreted by the health informatics team. From this information it will also be possible to identify if patients are re-entering the system because the location they have attended is not open or is not offering the required services.
This would allow the identification of areas where difficulties arose and could be used to make design improvements to usability and accessibility. 
Although data is collected on symptom checker usage, it is not routinely analysed by health informatics and has to be requested be members of staff outside the health informatics team as it is not included on any of the data platforms in use by the Trust.
In order for the symptom checkers to form part of a learning health system where data on their usage could be interpreted and used to change practice, a new work stream would have to be created for the Health Informatics team to make available the symptom checker data on the one of the Trusts data platforms.

Table 3 shows the data that would be available for analysis
Table 3
	Number of symptom checkers abandoned before reaching a disposition.

	Identification of where in the process patients abandon – Is it the postcode requirement?

	Most frequently reach dispositions.

	Symptom checkers that most frequently lead to a call 999 or attend A&E disposition.

	Numbers of patients who move back and forward through symptom checkers to obtain more than one disposition, and to see if they are looking for a more or less serious disposition than originally provided.

	Overall symptom checker usage.

	Symptom checker usage by location. allowing identification of clusters of health problems and potentially the ability to identify disease outbreaks such as the recent Streptococcus A health scare and associated increase in Scarlet Fever in certain areas.



The knowledge that could be applied from the information gained from the data may allow the identification of clusters of health problems and potentially the ability to identify disease outbreaks such as the recent Streptococcus A health scare and associated increase in Scarlet Fever in certain areas.
It could also show those symptom checkers that are having a negative impact on the service and lead to changes in questioning and overall choice architecture or an investigation into suitability or accuracy of the algorithm.
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