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Introduction
Polypharmacy is a term used to describe a circumstance where a patient is prescribed multiple medicines at a time for different conditions, increasing the risk of harm as a consequence of treatment (Masnoon et al., 2017).  Due to an aging population and improvement in medical management of long-term health conditions, polypharmacy is increasing in prevalence across all health systems internationally (WHO, 2019) additionally, elderly adults have been shown to be most at risk of being prescribed multiple medicines (Midão et al., 2018). Polypharmacy increases the risk of harm as a result of medical therapy and has been shown to increase physiological frailty and mortality (Gutiérrez‐Valencia et al., 2018). Because of its increasing prevalence and detrimental impact to patient care, polypharmacy is being targeted across NHS organisations as a prescribing practice which needs to be addressed (AWMSG, 2014), (GMMMG, 2021). 

To reduce the number of concurrent medicines and decrease the risk of adverse events from polypharmacy, evidence-based guidance is required to rationalise and stop medicines which are least likely to improve the patient’s condition and most likely to cause adverse effect (Wastesson et al., 2018). The true definition of polypharmacy is a widely debated topic (Hughes, 2020). A numerical definition, often cited as 5 or mor concurrent medicines (WHO, 2019) is potentially overly simplistic and may potentially discourage the prescribing of medicines that are likely to have a positive impact on patient care (Gurwitz, 2004).  Consequently, there is reluctance in categorising all polypharmacy as poor practice because there is evidence to support certain combinations of medicines to be used for some diseases (Cadogan, Ryan and Hughes, 2016). This has led to the distinction between and use of the terms ‘appropriate polypharmacy’ and ‘problematic polypharmacy’ (Rochon, 2021) (Duerden, Avery and Payne, 2013). 

A key challenge for increasing the practice of appropriate polypharmacy, is that the clinical trials that underpin the evidence base for prescribing medicines are most often undertaken in younger adult populations, between the ages of 18-65years, and in a cohort with low levels of multi-morbidity and polypharmacy (Shenoy and Harugeri, 2015). In order to reduce the prevelace of problematic polypharmacy therefore, a detailed and individualistic approach is required, taking into account the potential benefit of a medicine to a patient and counterbalancing this with any diverse individual factors that increase the risk of adverse effects (Wastesson et al., 2018), (Midão et al., 2018), (Parzan and Wehling, 2021). Prescribing and reviewing medication should be done, taking into account a patient’s conditions, medicines, experiences and motivations, holistically, involving the patient in order to prescribe the most effective medicine regimen (Duerden, Avery and Payne, 2013).  

Typically medicines are reviewed within primary care across the UK, as part of an annual medicines review, which is undertaken in GP practices by practice pharmacists and GPs, but can also be undertaken by practice nurses (NHS, 2023). In addition, patient’s medicines are reviewed if they are admitted to hospital, particularly if their admission is thought to have been contributed to by their medicines (Zaninotto et al., 2020) The Royal Pharmaceutical Society recommends that reviewing medicines for problematic polypharmacy should not be the responsibility of one profession or sector of healthcare, and instead is the responsibility of all healthcare professionals who come into contact with a patient’s medicines (RPS, 2023).

To review medicines in order to reduce the risk of problematic polypharmacy, there are national and international tools available (Spinewine et al., 2007).  These tools highlight explicit medicines criteria and factors to review associated with medicines or groups of medicines, enabling healthcare professionals to undertake detailed medicine reviews (Barenholtz, Marcus and Christen, 2010). Information used as part of these tools, due to the lack of clinical trial evidence, are mostly based on less reliable expert consensus and therefore varies, especially when written in different nations or health systems (Spinewine et al., 2007). In addition, these tools are mostly available online as text or diagrams, requiring healthcare professionals undertaking reviews to be aware of the tools and to have understood and be able to re-call the associated knowledge as part of a quick medicines review (Duerden, Avery and Payne, 2013).

Clinical decision support (CDS) is functionality within a digital system that aids or augments decision making within healthcare (Sutton et al., 2020). It does this by communicating relevant clinical information or knowledge at a particular point within a decision process in order to guide the user to make a more informed and optimal decision (Kwan et al., 2020). CDS help within a large scope of processes across healthcare, but have been particularly used within prescribing processes, and has been shown, if implemented well, to improve prescribing practice (Tiffani et al. 2012). Information as part of CDS can be communicated in many forms, such alerts, information templates and process tools, and careful consideration is needed in order to optimise how and when users are given the CDS information (Sutton et al., 2020). Additionally, CDS has the potential to bridge gaps that exist between research and patient care, enabling the fast deployment of up-to-date research or expert consensus guidelines and communicate it effectively within appropriate decision making processes and clinical pathways (Dagliati et al. 2018). There are however, risks associated with CDS, that need to be considered as part of design and implementation, such as alert fatigue (Murad et al. 2023) and automation bias (Lyell et al. 2017). 

This essay attempts to understand the evidence for the use CDS to improve problematic polypharmacy and whether it is likely to be of benefit to practice within primary care services across Cardiff and Vale University Health Board, including how it could be successfully implemented across the organisation. 


Evidence review

A meta-analysis conducted by Kwan et al. on the impact that CDS has had on care, observed a modest impact (Kwan et al., 2020). They found that CDS improved the rate by which patients receive the desired level of care by 5.8%. This meta-analysis was conducted using results of 122 trials across a wide range of clinical processes, and consequently, has a significantly large degree of heterogeneity. However, the study does show that clinical decision support has a statistically significant impact on care. Results varied according to the clinical context and type of decision support functionality, for instance decision support within the clinical context of paediatric care improved care by an average 14.7%, whilst within the outpatient setting decision support had an overall negative impact of -3.7%. Clinical decision support within prescribing processes, from a pool of 68 trials, overall improved care by 4.4%. 
A systematic review conducted by Moja et al. aimed to understand, from randomised control trials, the impact that CDS, when implemented as part of an electronic health record, has on clinical outcomes (Moja et al. 2014). The review included 28 trials that compared CDS to non-CDS implementation, and ultimately found that CDS had no significant impact on mortality, a small but significant impact on morbidity of 10-18% and a beneficial economic benefit of CDS. The trials utilised as part of the review were small and differed in CDS functionality and outcome measurement, making a meta-analysis of mortality data difficult. 

A later and larger systematic review conducted by Varghese et al., looking into the clinical impact of decision support systems, obtained more conclusive findings (Varghese et al. 2018). The review included 70 studies, of which, 70% of those measured an overall positive impact on clinical outcomes as a result of CDS implementation. 29% of studies did not show a significant effect on outcomes, whilst one study had a significant negative impact, as a result of a system that increased the rate of hypoglycaemic episodes within a critical care area (Kalfon et al. 2014). The systematic review demonstrates the potential positive impact that decision support systems can have, including the reduction in mortality observed in 7% and the reduction of life-threatening events in 40% of the reviewed studies (Varghese et al. 2018). However, consideration is needed to the variation in results observed, across different clinical specialities and processes, given the percentage of studies demonstrating insignificant or negative outcomes. This impart may be due to a large heterogeneity of study designs, but there is certainly additional clinical, technical and sociotechnical factors to consider as part of successful implementation. 

A systematic review by Pearson et al. investigated the impact of CDS, utilised as part of the prescribing process, has on practice (Pearson et al. 2009). 56 studies were included in the review, of which the studies assessing CDS systems acting at the point of prescribing and as part of subsequent monitoring were found to have a positive outcome on practice overall, however studies assessing systems intending to help stop medications had no significant impact on practice, although the number of studies (n=3) were low. 

Jia et al. published an overview and meta-analysis of the systematic reviews studying the impact of CDS systems on medicines safety (Jia et al. 2016). They found that overall CDS, utilised within medicines processes, improved practice, however inconsistencies are evident in demonstrating an improvement in patient outcomes. This is a consistent finding within the domain of CDS, and is thought to be due to the heterogeneity of study designs as well as studies not being powered sufficiently, or being studies for sufficient length of time to demonstrate an improvement in patient outcome (Monique et al. 2011). CDS systems are more often than not created within a single proprietary system, and studied at a single centre (Sutton et al., 2020). 

A comparative systematic review conducted by Van de Velde et al. aimed to understand the difference in efficacies of CDS design factors in a head-to-head manner (Van de Velde et al. 2018). 66 trials were included in the review and 14 separate design factors were compared. Design factors were measured using a relative risk difference in adherence, with some including outcome data. Adherence was used to understand the impact that the CDS system had on user decision making directly. The review found that the factors that provided the biggest positive impact on user adherence were CDS that was presented to users automatically instead of on request by the users, and information that was presented on a screen instead of on paper. It also identified positive effects when CDS is more evidence-based and presented in a patient specific manner and when included alongside care strategies. Although this study provides a depth of insight into potential factors that explain the variation in CDS effectiveness, only a handful of small studies were utilised in the comparison of most factors, and therefore the conclusions should be treated with caution, until more robust and reliable evidence is available.

A qualitative study conducted by Petkus et al. investigated the views of healthcare professionals, by engaging with healthcare societies and associations, of CDS systems (Petkus et al. 2020). The survey results highlight important concerns that clinical users have of CDS systems, including: legal liability of advice; governance and reliability of CDS; how up to date the systems are and the clarity of reasoning provided for alerts. Many think that CDS can operate as ‘a black box’ where justification of advice is not provided, in a dictatorial manner (Wyatt, 1995). A similar qualitative study investigating GP views of a primary care prescribing CDS system, found that users thought the system needed optimising so that it fitted better to compliment their decision making process, instead of providing often irrelevant, interruptive and non-patient specific alerts. As such, the key recommendations to improve user acceptability is that healthcare professionals are involved in the designing of CDS systems to compliment processes of patient care, and that such systems are tested sufficiently to provide confidence (Petkus et al. 2020). 

A Cochrane review conducted to understand the most effective intervention to reduce problematic polypharmacy found that the evidence for medicines reviews were inconclusive (Rankin et al. 2018). 32 studies were included in the systematic review, utilising different pharmaceutical interventions. It is clear therefore, that current interventions are insufficient in tackling problematic polypharmacy, which is supported by the increased rate of polypharmacy internationally (WHO, 2019). 

A systematic review into the use of CDS systems in reducing problematic polypharmacy found that although most studies demonstrated an improvement in prescribing practice as a consequence of CDS compared to standard care, a high number of which did not reach statistical significance (Monteiro et al. 2019). CDS systems utilised medicine review tools, mainly Beers criteria (Beers, 2012) and STOPP/START (Gallagher et al. 2008). These criteria are routinely used in current practice in a non-digital format (Duerden, Avery and Payne, 2013), however Sallevelt et al. identified challenges in being able to translate the STOPP/START guidance into a computable format, with some rules and concepts being difficult to code, especially where there is a certain level of ambiguity (Sallevelt et al. 2022). 

There have also been developments over recent years in utilising pharmacogenomic data as part of clinical decision support to help review medicines, depending on certain individual genetic traits, which increase the risk of adverse effects secondary to medicines (Brixner et al. 2015) (Kim et al. 2016), (Elliot et al. 2017).  

There is a lack of reliable evidence that demonstrates the impact that CDS has on problematic polypharmacy medicine reviews. This is due to the lack large multi-centred trials using consistent CDS designs and trial methodology, with trials powered sufficiently to demonstrate clinical outcomes of such systems. 

Implementation

In order to consider the implantation of a CDS tool to improve the reviewing process of problematic pharmacy, the GUIDES checklist, developed by Van der Velde et al. will be used (Van de Velde, 2018). The checklist was developed following a systematic review of relevant CDS implementation studies, and highlights the important considerations to make as part of successful CDS implementation.

The context for CDS implementation

Interventions to this date have been mostly unsuccessful in reducing the prevalence of problematic pharmacy (Rankin et al. 2018) (WHO, 2017). This is despite clear and explicit guidance tools, based on the available evidence, being available for healthcare professionals to use as part of a medicines review (Duerden, Avery and Payne, 2013). There is evidence to show the effectiveness of CDS in improving prescribing practice (Kwan et al. 2020) including polypharmacy (Monteiro et al. 2019). There is no CDS tool available currently within primary care in Cardiff to utilise as part of a detailed medicines review. There is good justification therefore, to utilise CDS for this use case. 

Stakeholder engagement and agreement to implement CDS in practice, will be a crucial initial step for a successful implementation. It is not thought that stakeholders locally, will be a significant barrier, given the scale of problematic polypharmacy and the negative impact it has on the population. The royal pharmaceutical society regards the development and utilisation of technology to improve the ability to undertake annual detailed medicines reviews as a key priority for future improvement (RPS, 2023). From a conceptual standpoint, agreement from users and experts at the beginning of implementation, that CDS is worth implementing within this domain is essential. This will help co-design of the system, as well as improving confidence and trust users will have in the system (Petkus et al. 2020). Stakeholder identification and analysis should be undertaken to help strategies involvement of different individuals, groups and organisations according to power and influence (Bourne, 2015). 

The addition of CDS as part of a detailed medicines review would complement the existing process. Because information regarding a specific patient is already captured with the GP prescribing system, including medicine information, indications, allergies and start dates, CDS could plausibly function automatically as part of the digital review documentation process. It is expected that individuals undertaking the review currently, consider the guidance that would go into the CDS knowledge set, therefore the CDS will only be helping to aid a process and therefore should not disrupt or add any unnecessary steps. 

The content of the CDS system
Content of the polypharmacy CDS would come from already established expert consensus guidance that exists in Beers and STOPP/START tools and thereofore would be drawing on current best practice (Duerden, Avery and Payne, 2013). With active stakeholder engagement, there will also be the opportunity to utilise local guidance, where written, to help optimise unnecessary medicines. This would mean that information provided as part of the solution will be accurate and meaningful for users. As discovered by Sallevelt et al. there will be challenges in reverse engineering and coding the guidance into a computable format (Sallevelt et al. 2022). If there as some aspects that cannot be coded, there will be an additional challenge in communicating this to users, which could take place as part of active user engagement or training. 

The rationale and evidence base for clinical recommendations will vary, where some recommendations come from well-evidenced randomised controlled trials or meta-analysis, and some could come only from theoretical or expert opinion guidance. It is important therefore, to explain the rationale for CDS guidance as part of an alert (Van de Velde et al. 2018). Users can make an informed decision whether they want to adhere to the CDS guidance and will be more likely to trust the advice provided (Jones, Thornton and Wyatt, 2021). This needs to be balanced however, with the risk of providing the user with too much information, potentially disrupting their ability to utilise the CDS advice effectively as part of a review (Van de Velde et al. 2018). Involving stakeholders within an iterative design process should help mitigate this challenge. 


The CDS system

The CDS should be designed in a way that compliments the workflow associated with undertaking a detailed medicines review. The polypharmacy CDS tool, therefore, should not be presented to users as part of other workflows, unless this has explicitly been agreed to by stakeholders. Consideration should be given to “the five rights of clinical decision support”, first articulated by Sirajuddin and colleagues (Sirajuddin et al. 2009). The right information needs to be given in the right context to the right person at the right time and as part of the right process. CDS currently exists within primary care prescribing systems in Cardiff, to help inform prescribers of drug interactions, potential allergies as well as cost-saving advice. Providing additional unnecessary CDS functionality, therefore, would not be beneficial to users and may potentially add to alert fatigue. Information provided to users as art of CDS needs to be the right information for the workflow (Olakotan and Yusof, 2020). 

User acceptability must be an important consideration, especially at the point of designing the system. What is the exact correct time, within a process, to provide advice to the user? How should that information be presented, and should there be a difference in how clinically important information is presented compared to relatively less pertinent advice? (Olakotan and Yusof, 2020). Clinical stakeholders should be involved in answering these questions, and some may be easier to answer than others, with an understanding that some decision may need to be tested in user acceptance testing or a pilot environment. Having an iterative design process and utilising an agile project management methodology will help to deliver a CDS system that accurately delivers on the user needs (Fernandez and Fernandez, 2008). 

Detailed medicines reviews should be undertaken in consultation with the patient (RPS, 2023). This helps to encourage a balanced discussion, utilising a patient’s prioritise and wishes as part of the plan including helping to encouraged shared-decision making, which has been shown to improve medicine adherence (Elwyn et al. 2012). A potential future development, therefore, could be developing a patient interface to the same CDS advice. National developments in implementing an NHS Wales mobile application as well as the work undertaken as part of the national digital medicines transformation portfolio could provide a platform for this (DHCW, 2023) Patient decision tools have been shown to effective in improving involvement and ownership of medicines (Austin et al. 2015), which is an additional factor highlighted by the royal pharmaceutical society for improving problematic polypharmacy (RPS, 2023). 

Implementing the CDS system

Creating a reliable and robust governance structure will be an important aspect to the implementation (Zwikael and Smvrk, 2015). This will ensure that decisions made regarding the system design, build and delivery has been considered carefully and in the best interest of the organisation, clinical staff and patients. Strong governance has been shown to be an important factor in building trust among users (Petkus et al. 2020). Decisions made as part of implementation, need to be considered carefully, and made by the most appropriate people within the governance structure in a transparent way (Khairat et al. 2018). 

Another key part of the decision making will be the degree to which the system is tested, prior to pilot and then further implementation. This will ensure the system works according to the development specification, but also works in a timely fashion without any stability issues (Khan and Khan, 2014).

Before the CDS system is implemented and used by healthcare staff, users will need to receive sufficient testing in order to confidently know how to utilise the system, and prevent any inadvertent errors.  Delivery format of the training will need to be informed by the stakeholder group, so that it is delivered in the most time-efficient manner, with rising demands and pressure on healthcare staff and services (Bridgeman, Bridgeman and Barone, 2018). 

Implementation should be an iterative and gradual process, where once the product has passed sufficient testing and is deemed ready for release is piloted within one GP practice, and evaluated on. Lessons learnt from the evaluation, where possible should be incorporated for subsequent implementations. The timeline for the project should depend on the success of initial implementation phases, allowing any concerns raised to be addressed at each point. 

Evaluation

User acceptance
CDS provides users with information to aid completion of a task, and therefore it is vital that users utilise this information when presented to them. For the bridge between the CDS system and user to be seamless, the relationship between human and CDS will need to be considered and optimised (Amershi et al. 2019). User acceptance will be evaluated using mixed methodologies. Views of healthcare professional users of the CDS system and implementation will be obtained from surveys, using an easily accessible online survey tool. A mixture of open and closed questioning, in order to gain a rich understanding of user views. Such qualitative methods have been utilised in other CDS evaluations (Jones et al. 2022), (Petkus et al. 2020). Survey results will be evaluated, and themes will be captured and explored. 

In addition, data will be pulled from the system to assess the acceptance of CDS information as part of the medicines review. This will provide information on the dismissal and acknowledgement rate of the CDS system. This quantitative measure, when combined with the qualitative survey should provide a rich understanding of user acceptance. This evaluation will be undertaken throughout the implementation, allowing concerns identified to be addressed in an iterative way. 

Safety and Quality Assurance
As a system that will affect the medical management of the public, the CDS system will need to be registered as a medical device with the MHRA (MHRA, 2023). Safety testing will be undertaken prior to implementation, in order to provide the necessary assurances to users and the public. As part of implementation, there will be an additional drop-down selection created within the national safety reporting tool. This will enable quick identification and escalation of safety concerns identified. Any identified risks will need documenting and escalated within the governance structure. 

Care Quality Improvement
In order to know whether the CDS is effective we must understand whether CDS has impacted on problematic polypharmacy and patient care outcomes. Previous trials involving CDS have managed to show modest improvements in clinical processes, however demonstrating improvements in patient outcomes has been more elusive, due to study size and variation in design (Kwan et al. 2020). 

Improvements in problematic polypharmacy shall be evaluated by initially undertaking a baseline review of local problematic polypharmacy across the population of Cardiff and Vale UHB. Due to there not being an agreed definition of polypharmacy and what constitutes appropriate and problematic polypharmacy across a population, defined measures need to be agreed locally, utilising the established governance structure and in engagement and consultation with local stakeholders. This is to minimise contention locally on evaluation methods used. Measures need to correlate with the CDS information and international and national guidelines used as part of the system. In addition, agreement of measures with a key national stakeholder, the All Wales Therapeutics and Toxicology Centre (AWTTC) will be significantly important, as the national body for medicines safety and efficiently, for both accessibility of information, but additionally scalability nationally, should the CDS project be successful.

Information on current prescribing, indications, age and duration of treatment is populated within the two GP prescribing systems used locally. There is an existing national server, used as part of national prescribing reports by AWTTC, that could be used as this is available for NHS healthcare workers (AWTTC, 2023). Reporting will be undertaken on the agreed measures only, with any changes to these being justified and agreed within the governance structure in a transparent manner. 


Clinical outcome measurements

In order to evaluate the impact that the CDS system has on patient outcomes, such as morbidity and mortality, there will need to be a sufficient sample size to data collection(Jones, Carly and Harrison, 2003). Previous trials have shown how variation within patient data and the relatively low magnitude of impact, requires a sufficient sample size (Kwan et al. 2020). This may be problematic for local evaluation. Standardisation of measures and CDS system nationally, across Wales, with sufficient involvement of AWTTC, will help mitigate this. Should the CDS implementation be successful locally, and there is adoption of this nationally, evaluating clinical outcomes will be paramount. Potential limitations regarding the ability to measure impact on patient outcomes should be made clear as a project risk and should be communicated effectively with stakeholders. There is sufficient evidence internationally on the impact that problematic polypharmacy, and therefore improvements in quality measures, should be regarded as sufficient quality of system efficacy in the absence of patient outcome data. 

Conclusion
This essay demonstrates the potential application of CDS to improve the quality of detailed medicine reviews in reducing problematic polypharmacy within Cardiff and Vale UHB. Product design will need to involve stakeholders from an early stage, utilising a robust governance structure to reassure users and improve the efficacy of implementation. Evaluation of the product will need to include both qualitative and quantitative measures assessing user acceptability and improvements to polypharmacy. Benefits from national working alongside AWTTC, may improve potential scalability and ease of evaluating impact of the system on morbidity and mortality. Problematic polypharmacy is a worsening healthcare problem internationally, and a CDS tool may hold a key to improving clinical strategies currently used to tackle it. 
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