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Introduction
During an inpatient admission, a patient is cared for by an inordinate amount of healthcare professionals from multiple disciplines (Whitt et al 2017).  Effective communication, therefore, between healthcare professionals, is a vital aspect of delivering safe patient care (Merten et al. 2017) (Abdellatif et al. 2007). A handover is a tool that is used to communicate important patient details, especially in between working shifts when passing on responsibility of care. 

A retrospective analysis of recorded incidents at a UK hospital over a 3year period identified 334 incidents directly related to poor handover, highlighting the risks of ineffective communication and inconsistent use of handovers, which can lead to patient harm (Pezzolesi et al. 2010). The main limitation of this study, however, is that it is relying on incidents logged using a reporting tool, and there is a known phenomenon that incidents in the healthcare setting are under-reported on such digital tools (Braha et al. 2014). The impact of poor communication on patient care, therefore, is likely worse. 

Improving the Quality of Handover
Interventions that aim to improve the quality of handovers can be crudely split into three separate categories, based on the type of intervention utilised (Abraham et al 2011):
1. Standardisation
2. Education and Training
3. Utilisation of an electronic patient record (EPR), including electronic prescribing and medicines administration (ePMA).
The differences between the preferences of individuals or teams involved in a handover process (Arsoniadis et al.  2019) as well as inconsistencies in training and working experiences, coupled with the exacerbation of working within a distracting and time pressured healthcare environment, lead to inadequate handover practices (Payne et al.2012) (Manser and Foster 2011) (Tokode, O’ Riordan and Barthelmes 2006). Standardisation of handover practice can help to ensure the correct and necessary information is utilised as part of the handover process to reduce the harm of inadequate communication (Merten et al. 2017). Standardisation, using an electronic spreadsheet format, helps additionally by improving the accessibility and clarity of information (Govier et al 2012). A systematic review of mnemonic tools, which help standardise and categorise handover information, showed that there were 24 different mnemonics used across 46 different studies. Similarly, a systematic review by Derlades et al. highlighted a high degree of heterogeneity in research related to the implementation of standardised tools (Derlades et al. 2020), which makes it difficult to interpret the research and recommend a gold-standard format to implement in order to improve handover practice across healthcare (Cohen and Hilligoss 2008). Instead, local processes need to be reviewed, and standardised in collaboration with healthcare staff and key stakeholders, so that the handover process fits the needs of the local service. (Ryan et al. 2010) The creation of a bespoke standardised handover structure by Catchpole et al., using expertise from motorsport and aviation, reduced the inefficiencies of information communicated between cardiac surgery and intensive care (Catchpole et al 2007), highlighting that bespoke standardisation, can reduce patient harm even within the most complex of handover interfaces.

Another important aspect in improving the quality of handover is through education and training (Laugaland et al. 2012). A systematic review by Materson et al. demonstrated the importance of educating healthcare professionals on handover to both improve the quality of their handover skills, but also to improve their confidence in handing over their patients (Materson et al. 2013). The number of studies involved in the systematic review was, however low (12) and there were no direct patient outcome measures in any of the research studies involved, highlighting the need for more research, especially in understanding whether such interventions positively impact on patient care. The other aspect of training is the need for feedback during or after handover, from more senior and experienced healthcare professionals, for individuals to reflect and improve aspects of their handover practice (Davis et al. 2017). In a similar way to standardisation tools, there is no current gold-standard approach to education and training within the subject of handover skills. The approach, therefore, requires adaptation for the specialism, profession and local context it is being applied to (Stoyanov et al. 2012). 

Electronic handover solutions are widely used, often using manually populated templates on software such as Microsoft excel. The risks and disbenefits of using manually populated handover templates are, mistyping or inputting the incorrect information in error (Arsoniadis et al. 2017) and spending a considerable amount of time on the upkeep of information in an ever-changing ward environment (Oakley and Hunter 2017). Over the last 15years there has been an increase in research projects measuring the impact of utilising EPR systems as part of an electronic handover solution (Abraham et al. 2014). Using an electronic handover solution which utilises an EPR to auto-populate patient information onto a standardised handover template has been shown to be well-liked and tolerated by healthcare professionals (Panda 2020) and has also been shown to improve standardisation and the completeness of information (Halladay Thompson and Vacchiano 2019), (Tisdale, Eggers. and Shieh 2018). Having key information pre-populated allows users to concentrate their input on writing the key handover information or creation of tasks (Till et al. 2014). 

Despite improvements in technologies related to handover, however, a recent observational study by Abraham et al. showed that handover standardisation and functionality is not necessarily followed, and that user compliance reduces overtime following implementation, with factors such as training, user engagement and workplace related issues being to blame (Abraham et al. 2021).  A review by Wisner et al. of the impact that EPR solutions have on nursing communication practice, highlighted concerns related to a negative impact on verbal communication, where information can be shared and contextualised delicately and appropriately, in comparison to highly comprehensive information in an electronic format which can provide less pertinent information and a large volume of information that can be difficult to interpret correctly (Wisner et al. 2019). 

Information held in laboratory systems can also be imported onto electronic solutions to help guide healthcare professionals and highlight pertinent clinical findings, such as an acute kidney injury (Howarth et al.2020). Because of the volume of tests undertaken for a patient during an inpatient stay, however, the challenge is to ensure that only useful and relevant information is imported on to a handover solution to prevent over-populating the handover sheets (Arsoniadis et al. 2019). This highlights the importance of user engagement, in understanding the system challenges and constraints as well as helping to design the most ideal solution based on a knowledge of these issues within the context of current and future processes (Petter ,2008). 

Electronic handovers, in practice, are printed at the beginning of a shift, which helps individuals utilise the information they need to have situational awareness. However, by printing a handover, it provides only a snapshot of the ward information, with is a risk that any changes made after the handover has been printed out does not get communicated (Vidyarthi and Coffey 2016). A study by Rosenbluth et al. measured the average time for half of the patients’ information on printed handovers to become inaccurate in a hospital ward setting, which was 6hours during overnight shifts and 3.3hours during the day (Rosenbluth et al. 2015). Consequently, it seems appropriate to aim for a fully paperless and up-to date handover solution. In reality, however, the business change required is complex with the need for a system with a high degree of user acceptability, mobile task functionality as well as managing organisational needs in purchasing, configuring and maintaining mobile hardware, with additional challenges in minimising digital exclusion amongst healthcare staff (Vidyarthi and Coffey 2016). 

A popular approach, therefore, is having standardised and printable electronic handover solutions that are user designed, optimising the use of pre-populated information and task functionality, implemented with optimum training beforehand (Starmer et al. 2014), (Lesselroth et al. 2021) (Nickel et al.2021).  User training should include an understanding of how information can quickly become incorrect, and the need to have other forms of keeping up to date, such as verbal communication with the ward team and utilisation of other electronic systems for example, a ward electronic whiteboard. 


The Handover Project 
Currently, locally, there is an expectation that pharmacists will review every patient’s medication, every day. This way of working, with current work-based pressures on the NHS from the pandemic, is proving challenging, and there is concern that time is wasted reviewing patients who do not need a review and insufficient time is spent reviewing patients with complex health and pharmaceutical needs. In addition, weekend pharmacy services are limited to only a few ward-based members of staff with services prioritised based on newly admitted patients. This approach does not effectively highlight the patients who require pharmaceutical input most. A pharmacy electronic handover project at Greater Glasgow and Clyde health board, utilised an ePMA system to auto populate information regarding patients’ medications. The system helps the pharmacy staff prioritise which patients need to be reviewed with a traffic light system (NHS England, 2016). Key pieces of information from the ePMA are categorised, dependent on the degree of risk to the patient, with the factors categorised as high risk appearing in red and low risk factors appearing in green. There is no data published however to prove the efficacy of the project, however the written case study does highlight that the handover solution has enabled pharmacy staff to prioritise their workload in ensuring that patients with the greatest need are being reviewed first.  A systematic review by Meshal et al. of pharmacy prioritisation tools demonstrates that there is a strong consensus that such tools help in highlighting patients who are most in need of a pharmaceutical review (Alshakrah, Steinke and Lewis 2019). The heterogeneity of the trials and tools used in the literature however, prevents clear recommendations of the most appropriate way of prioritising patients. It is also reasonable that factors used to prioritise patients in elderly care, such as a high anti-cholinergic burden (Fox et al. 2014), may not necessarily be appropriate factor to consider in prioritising paediatric patients. Therefore, it is likely that different prioritisation factors should be used for different clinical specialities, utilising the expertise in the area. 

Within the local clinical pharmacy service, there is no standardised handover format; with non-standardised verbal handovers predominating. The implementation, soon, of an electronic prescribing and medicines administration (ePMA) system as well as an EPR solution locally, will also provide the opportunity of utilising information regarding a patient’s medication (Micallef et al. 2017), which is currently unavailable through paper-based prescribing and patient records. As discussed, the creation and implementation of an electronic handover tool is not a fundamentally easy task and will likely need several user-designed iterations and significant user training.  To successfully implement a handover system, it will need to be acceptable to the users, which in this case are ward-based pharmacists and pharmacy technicians. The standardisation of information will need to be devised by users based on understanding current practice and procedures and engagement on what future practice should look like. To fully understand the user needs therefore, this project intends to hold a variety of stakeholder engagement events and utilise this information in the design and layout of the handover system. This project aims to utilise available systems to create an effective electronic handover and prioritisation tool for the clinical pharmacy service. 

Aims:
The aim of the project is to implement an effective electronic clinical pharmacy handover and prioritisation tool within a university health board pharmacy department.

Objectives
The objectives of the project are to:
· Set up an agile core project group that will understand current processes with regards to clinical handover and the available information which could be utilised. 
· Collect baseline qualitative and quantitative data as outlined in the measures section
· Set up a focus group with engagement from stakeholders to understand which available information should and can be utilised as part of a handover solution.
· Write and agree threshold requirements of a minimal viable product utilising pharmacy and IT expertise locally
· Develop handover function that delivers the minimum viable product requirements of the focus group over a 2month period.
· Implement the handover system and collect user acceptability information as outlined in the measures section over a 1month period.
· Develop subsequent iterations of the system based on user and key stakeholder feedback as well as available information that can be utilised from other systems locally, over a 2year period. 
· Provide education and training on each implementation and iteration of the system to all ward pharmacy staff expected to use the system.
· Collect quantitative and qualitative data following implementation of the end-product as outlined in measures section.
· Evaluate solution after implementation, comparing to baseline data as part of a benefits realisation process.
Literature Search 
The methodology used to identify applicable and appropriate literature, within the topic of electronic handover that utilises available patient data from available digital systems, is as follows: The databases utilised for the search were medline and embase, accessed via ovid.   Medical subject headings (MeSH) key phrases were identified by searching commonly used terms in a MeSH finder tool. The MeSH terms used were:
1. “clinical handover”,
2. “patient handoff”, 
3. “electronics”, 
4. “digital technology”, 
5. “electronic health records”
6.  “electronic prescribing” 
7.  “medical order entry system”
Boolean terms were used to amalgamate search results. Search results for MeSH term 1 and 2 were brought together with an “or” Boolean term with search results for MeSH term 3, 4, 5, 6 and 7 were brought together with an “or term. Both Boolean amalgamations were then amalgamated using Boolean term “and” in order to create a finalised search list.  The finalised search produced 154 results. Titles and abstracts of the 154 results were reviewed for appropriateness, to identify research studies or reviews of mixed methodologies which explore the subject of utilising data held in digital systems for the purposes of creating an electronic clinical handover. 117 studies were excluded based on the initial review criteria used, leaving 31 studies. 

Terms related to clinical or inpatient pharmacy were not used as part of the search criteria as it unnecessarily narrowed the search results and prevented possible learning from other clinical specialities and departments. 

Project Management Methodology
Agile was developed by a group of people who work in the software industry, in response to a sense of frustration that some software development projects failed to respond to change (McCarthy, 2020 p.11-14). The general principles of agile is that a project is spilt into manageable pieces of work that are completed in succession. Applied to IT development, each piece of a project is an update to the system, which is workable, to allow feedback and learning from users. Because the pieces of work are completed in succession, it allows for flexibility, which helps user engagement and involvement, as feedback is listened to and acted upon. 

Within the pharmacy department, PRINCE2 is the standard project management methodology utilised for the delivery of both large- and small-scale projects. There are a few factors, however, that make the delivery of this project more aligned to an agile approach.  The first is that it is not clear, at this stage, what the end product will be. For instance, the product development will be dependent on the implementation of an ePMA and EPR system and it is not clear at this point the type and amount of data that will be available to utilise as part of the handover functionality integration. There needs to be a degree of flexibility to positively respond to change. Another aspect is because there is no current pharmacy handover system in place, there is some merit in producing a minimum viable product to begin with, that uses already available, yet limited, data from the patient administration system (PAS) with simple functionality such as free-text boxes. Over time, additional data and functionality can be added, in further iterations, utilising feedback from users to make improvements each time. In comparison, using a waterfall method, which is more akin form of product delivery to PRINCE2, it may take many years to develop a product while waiting for other systems to be implemented, during which time, users have been without a system, even with a relatively simple but safe functionality (Thesing, Feldmann and Burchardt, 2021). A similar local project (unpublished) utilised agile project management methodology in bringing IT expertise in software development and emergency department clinicians together to create an emergency department handover at pace to respond to covid-19 pressures. The project was split into several pieces in order to complete each necessary piece at pace in succession, but a workable solution was in place following the first iteration of work. Having knowledge and experience of utilising the agile project management methodology within the local IT department, will help its application as part of this project. 

Given the level of stakeholder engagement and the need to understand current processes, there needs to be a continued focus on the end goal which is to implement an effective electronic handover system. The project will have to sit within an overarching departmental PRINCE2 model, in line with the requirements of the management team. The project team will need to justify cost, using a business case to the management team, who will oversee funding arrangements. Boundaries will be agreed upon so that the project team can continue to work within an agile format, but clear exceptions will be reported to the management team for overall governance ownership, which will help maintain overall direction and momentum (Managing Successful Projects with PRINCE2, 2009, p11-14). A risk log will be maintained to provide key governance oversite. The management team will have to agree to, and accept the use of agile project management before the project can begin. 

Implementation Measures 
The defined interventions of this project are to implement a pharmacy electronic prioritisation and handover solution, and provide education and training on the use of the system. The project management methodology applied to this project is agile. The system development will be split into stages. The first stage of the project will be to work with users to understand current processes and subsequently define and develop a minimal viable product, that can be implemented and used. Subsequent stages will focus on a specific improvement that can be developed and implemented. At each stage, information will need to be gathered on the system update to guide subsequent improvements in a cyclical format. This means that there are two aspects to the evaluation of the intervention. Data collection and evaluation will be undertaken in the more classical sense both prior to and after the end-product implementation, as well as between each iteration of the system. 

This project will utilise a mixed methodology approach, using quantitative measures to evaluate the impact the solution has on users as well as patient medicines management services, and using qualitative measures to provide a richer picture and understanding of the quantitative results. 

Measures In-between Iterations

The information gathered to evaluate each iteration of the system, following the principals of agile, will depend on the specific changes brought in as part of the change. For example, if the ePMA system allows for the identification of patients prescribed high risk medicines which require therapeutic drug monitoring, incident rates related to these medicines, can be identified from the incident reporting system, datix, and compared pre- and post-implementation. On the other hand, if an iteration was developed to address significant user acceptability issues of the system, then a mixed methodology survey will be used to understand user views on the fix. 

User Acceptability Measures
User acceptability has been tested in previous studies assessing the implementation of an electronic handover solution (Evans et al. 2018), (Alhamid et al. 2016). The studies assessed user acceptability broadly through structured interviews or surveys. For this project, given that pharmacist staff work across several hospital sites, a survey using closed questioning, utilising Microsoft forms, will be conducted both prior to and after implementing a finalised product. This will provide knowledge of whether the implementation of the electronic handover solution has impacted on:
1. Whether pharmacy staff handover information in between shifts 
2. Whether pharmacy staff find it useful to handover information between shifts
3. Whether pharmacy staff think that receiving hand over information helps them in their role 
Answers can be compared both prior to and after implementation, to assess, quantitatively, the impact that the handover solution has had on pharmacy practice and perception. 
To gain greater understanding of the answers to the above topics, the following open questions will be used. 

4. Regarding your answer to question 2 – why did you answer yes/ no?
5. Regarding your answer to question 3– why did you answer yes/ no?

To assess pharmacy staff views of the solution specifically, another set of questions will be utilised following the implementation to gather their overall views, by asking closed questions:
6. Has the electronic handover solution had a positive impact on your ability to do your role?
7. Do you find the solution user friendly?
To gain insight into the answers to the above questions, the following open questions will also form part of the survey. 

8. Regarding your answer to question 6 – why did you answer yes/ no?
9. Regarding your answer to question 7 – why did you answer yes/ no?
Analysing the answers to question 8 and 9 from a qualitative perspective will help provide understanding to add to the quantitative results. From a simplistic sense, utilising the results of the survey, the project will be able to understand whether the electronic handover solution has had a positive impact on pharmacy staff and their role and why. 

Impact on medicines management and patient care

The handover solution aims to have the ability to effect factors related to patient care. Given that stakeholder and user meetings will take place to understand ideas and preferences for what information will be made available on the handover, it is only after these decisions have been made that detail of which measures can be studied. For example, if it is possible, using ePMA data, to provide a way of highlighting whether a patient has been prescribed VTE prophylaxis or not, then measuring VTE prophylaxis prescribing rates prior to and after implementation will provide understanding of whether that functionality has made a positive impact on practice. Given that the benefit of VTE prophylaxis for inpatients is clear (Guyatt et al. 2012), then any increase in VTE prophylaxis rates, will have a positive secondary impact on patient care. 

Another potential function of the handover solution is to highlight when a prescriber has overridden a high importance decision support warning for a patient. Evidence is clear that alert fatigue can affect how much attention prescribers pay to decision support warning on ePMA systems (Bell et al. 2019). This function would help highlight to pharmacy staff, to check the appropriateness of the decision support override. Data could be collected to understand the rate of inappropriate to appropriate decision support override locally, and in relation to the implementation of the electronic handover solution, data could be collected to understand the time from prescription to pharmacist intervention for the inappropriate decision support overrides, pre and post implementation. 

Limitations of measures

Throughout the literature for implementing an electronic handover solution, there is a lack of systematic evidence to demonstrate that electronic handover solutions have a positive impact on patient outcomes. (Deslardes, et al. 2020). The multifactorial complexity of assessing patient outcomes as well as the heterogeneity of research so far, makes drawing such conclusions difficult. Patient outcome measures will be assessed locally as part of the larger scale ePMA and EPR projects, and therefore there may be scope to include the implementation of the pharmacy electronic handover solution as part of these larger project evaluations. Understanding the direct impact that the handover solution will have on patient outcomes, however, is out of scope of the project and is a limitation of the project. 

Improvements

If the pharmacy electronic handover solution is successfully implemented and has a positive impact on either pharmacy staff practice or patient care, then it seems reasonable to recommend a similar approach for other healthcare professions and clinical specialities. From a local perspective, the innovative aspect of the project is the utilisation of data from ePMA and EPR systems to auto-populate appropriate and useful information. Certainly, other healthcare professions and clinical areas will have different specifications of what information is pertinent to their role or area. From a conceptual perspective therefore, having the ability to utilise information from ePMA and EPR systems for an electronic handover solution will be an exciting prospect.  The principals can be taken and tailored according to the needs of that local department or directorate. 

Nationally, the implementation of secondary care ePMA systems will be through an All-Wales procurement framework where the key safety aspects and digital architectural open standards are defined (Morgan, 2021). Each organisation will subsequently have their own procurement process to tender a product. It is reasonable to predict that there will be another organisation that will have the same supplier. Lessons learnt from this project therefore, can be shared with that organisation for a similar pharmacy electronic handover solution, or even wider within other departments and directorates. The project concept will also be of interest to organisations that have a different ePMA supplier. From a data categorisation and reporting functionality perspective, however, the differences will have to be considered. 

Ward pharmacy staff are an integral part of the multi-disciplinary team caring for a patient during a hospital stay. It is reasonable to consider un-intended consequences of creating a pharmacy staff-only handover solution such as: 

· A reliance on the pharmacy handover for all information, rather than attending ward rounds or reading the patient’s clinical notes.
· Rather than dealing with an issue in a timely manner, there may be an inclination to handover the issue to someone else. 
· Governance concerns regarding the legal validity of communicating issues via a handover solution rather than in the clinical notes.
The impact of these can be reduced with clear procedures and education and training sessions.

Conclusion
This essay provides a project plan for the implementation of an electronic prioritisation and handover solution within a university health board ward pharmacy service that spans multiple acute hospitals. Communication is a vital aspect of safe and effective patient care, ensuring important information and tasks are not missed. Currently there is no handover solution used within the ward pharmacy service. With increasing pressures on NHS services, there is a greater need to prioritise ward pharmacy services to ensure that patients with the most need, who are taking high-risk medicines, receive the pharmaceutical expertise they need in a timely manner. The implementation of ePMA and EPR systems provide an exciting opportunity to utilise patient information which has previously been documented on paper-based solutions. The wealth of information available provides a challenge for healthcare professionals and IT developers in ensuring only the most appropriate and pertinent information is utilised as part of the handover solution. 

In order to develop and implement an electronic solution, the agile project management methodology will be utilised to create a system that is user designed but is also able to adapt to the dependencies of the ePMA, PAS, EPR and laboratory systems from which information is accessed from. User engagement and management of expectations is key and the utilisation of agile will help ensure these priorities are considered throughout the project.

User acceptability will be measured throughout the project, and patient related outcomes will be measured pre and post-implementation to measure the success of the project. This project, if successful may provide a framework for developing electronic handover solutions that can be utilised within other departments and directorates locally, as well as within other pharmacy departments nationally. 
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