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Introduction
Excellence in clinical handover remains an elusive goal in modern medical practice despite a clear recognition that this vital domain is at the heart of patient safety, harm reduction and promoting efficiency in every clinical setting (Bates & Gawande, 2003). 
Handover has been defined as follows by thought leaders in patient safety (Merten et al., 2017) as follows:
‘A handover involves the transfer of professional responsibility and accountability for some or all aspects of care for a patient, or groups of patients, to another person, such as a clinician or nurse, or professional group on a temporary or permanent basis. Ideally a professional can take over responsibility for a patient only if he or she receives all relevant information to continue the treatment or care effectively and safely’
The concept of clinical handover, in practice, predominantly revolves around junior doctors and trainees (not exclusively so) who are tasked with enacting the plans set by senior team members in acute hospital settings. Recent changes in junior doctors’ working patterns have exemplified the importance of robust handover practices in ensuring avoidance of clinical harm. Junior doctors have reported significant dissatisfaction over suboptimal handover practices particularly over weekends (Nagrecha et al., 2020)
The nursing profession has a long history of shift working and has a well-established process of handing over at either end of their respective shifts. This process has been the subject of improvement work over the years and is a key component of promoting patient safety (Anderson et al., 2015).
Whist nursing handover is a process that occurs in every clinical area within acute hospitals, the medical handover is a relatively less mature as a concept as the medical workforce has radically changed the way it delivers patient care in recent years (Jorm et al., 2009).
In the 1990s, junior doctors within the NHS routinely worked around 100 hours per week, and senior doctors worked for 70 hours per week.  These arrangements were delicately balanced with the requirement for continuity of care for patients in acute hospitals (‘Continuity of care’ refers to a patient’s episode of care remaining under the supervision of one group/team of doctors for the entire duration). In 1998, when the European Working Time Directive (EWTD) was implemented, the journey towards reducing the maximum hours worked per week gradually to 48 commenced, leading to full compliance across the UK in August 2009 (Goddard et al., 2009).
As the impact of EWTD on patient care was being contemplated by the clinical community, the Royal Colleges of the UK raised significant concerns about the potential loss of continuity of care owing to the gradual transition towards a shift working system, and highlighted the need to preserve patient safety by mitigating the risks in a robust manner (Handover, 2007). 
Handover has been recognised as a key ingredient for promoting seamless clinical care for a considerable period of time. Yet, judging by the number of quality improvement projects in the literature relating to handover (Martin et al., 2018) (Ryan et al., 2011), it remains an area of concern to the clinical community.
The Royal colleges, British Medical Association (BMA) (Bywaters et al., 2004) and the General Medical Council (GMC) have expressed concern as we transition from an ‘ever present’ workforce to a shift pattern working which is widely prevalent in the NHS now, and necessitates better handover practices than ever before to ensure vital clinical communications aren’t lost in translation.
[bookmark: _GoBack]The GMC’s good medical practice document (GMC, 2013) states that
‘You must contribute to the safe transfer of patients between healthcare providers and between health and social care providers. This means you must:
a. share all relevant information with colleagues involved in your patients’ care within and outside the team, including when you hand over care as you go off duty, and when you delegate care or refer patients to other health or social care providers8  
b. check, where practical, that a named clinician or team has taken over responsibility when your role in providing a patient’s care has ended. This may be particularly important for patients with impaired capacity or who are vulnerable for other reasons.
When you do not provide your patients’ care yourself, for example when you are off duty, or you delegate the care of a patient to a colleague, you must be satisfied that the person providing care has the appropriate qualifications, skills and experience to provide safe care for the patient’.
The Royal College of Physicians of London developed an acute care toolkit, providing detailed guidance about the significance and conduct of clinical handover (Royal College of Physicians of London, 2011), which provides a helpful framework to make progress towards this policy goal which brings together the aspiration expressed by several authoritative bodies including the GMC, BMA, Royal College of Physicians (RCP) and the Royal College of Surgeons (RCS). The issue also finds significant mention in the Mid Staffordshire NHS trust crisis report (Francis, 2013)
In Betsi Cadwaladr University Health Board (BCUHB), internal audits on handover arrangements (Chakrabarti, 2013) demonstrated that there is significant evidence of areas that require improvement. These issues are explored in the gap analysis. The Health Board is currently in the process of procurement of a digital ecosystem and document management solution (Civica Cito), but unfortunately, the supplier confirms that there is no handover capability within this system at present. 
This initiative seeks to tackle this policy goal that is echoed by various professional bodies, enabled by digital technology.
Methods
The Gap analysis
The current position with clinical handovers was evaluated by a combination of methods as outlined below
1. Direct observation of handover sessions within acute medical on call teams
2. Interviews with Senior and Junior practitioners with the department of medicine in Glan Clwyd Hospital
3. A literature review of handover concepts within hospitals without access to a comprehensive Electronic Patient Record.
4. Interview with the site medical director, as he is the ‘risk owner’ of the domain of clinical handover.
5. Discussion in the Junior Doctors Forum about clinical handover.
Although the term handover is broad and could represent any number of clinical and non-clinical interactions, for the purposes of this gap analysis, the term has been restricted to mean the following:
‘The process of transfer of clinical and task-related information between the ‘in-hours’ clinical team and the ‘out of hours’ clinical team (the ‘on-call’ team) and the management of tasks to ensure seamless working and continuity of care’.
This slightly narrower definition allows a practical assessment of the challenges posed by shift working, and the aspiration to truly promote 7-days working.
The following resources have been interrogated by the Site Medical Director in his responses during his interview.
1. Welsh Risk Pool information relating to handovers
2. Datix risk reporting system
3. Recommendations from Coroner’s inquests that have been communicated to the health board
4. Information from the Patient Advice and Liaison Service (PALS) through their annual report
5. Information from the annual report of the Concerns/Complaints team
6. GMC trainees survey report from 2020.
The results of the analysis are presented in the results section, but the table 1 gives a summary of the assessment of the current position. This understanding has informed the options appraisal to ensure the gap is met with a robust response.
Table 1
	Current Situation
	The goal
	The gap
	Recommendation
	Evaluation

	The current handover arrangements regularly falls short of good practice leading to significant clinical incidents and possible patient harm. Data suggests that good handover is achieved in less than 40% of interactions.
	Compliance with excellence in clinical handover in line with the acute care toolkit by the Royal College of Physicians 100% of the time.
	There is a significant gap between current practice and good practice. There is patchy compliance with structures, content and significant shortfall in efficiency with regards to task management
	Implement a digital tool for clinical handover to ensure improvement in this vital domain within the next 12 months. 
	Handover practices will be evaluated with the help of a clinical audit to measure compliance against established good practice guidelines.





Options appraisal
An options appraisal exercise was undertaken following discussion with relevant stakeholders by way of a focus group meeting. The following persons took part in the process of deriving the options and narrowing them down.
1. The Royal College of Physicians Tutor
2. The Junior Doctors Forum representative
3. Representative of the OMD (Office of the Medical Director)
4. Training Program Director (TPD) representing the Welsh Deanery
5. Senior Consultant User representative
6. Department of Surgery representative
7. Clinical Informatics Senior Leadership Team Member (The Program team for governance)
8. Information Governance representative
9. Medical Informatics Officer
10. In-house design team member
11. Member of the Cito team (Digital ecosystem supplier)

The above group was thought to represent a balance between front line users, policymakers, senior users, designers, commercial partners and informatics leaders. The following steps were applied before a shortlist of options was derived
1. A long list of options was drawn up
2. The long list was presented in an opportunistic educational grand round, where there were at least 50 clinical attendees to provide input into key requirements and exclusion of certain options
3. A literature search to identify quality improvement work undertaken in other District General Hospital settings in the handover domain.
4. Shortlist of options derived and validated with the above group through e-mail.
Table 2 shows the ‘long list’ of options with a brief comment on appropriateness/suitability. The advantages and disadvantages of each option was explored in detail, but the ‘clinching’ argument is presented in the interest of brevity.

Table 2
	Option
	Assessment

	Implement a paper based handover proforma supplemented by educational activities to improve handover

	This method was attempted following the internal audit in 2013 and was unable to embed sustainable progress.

	Implement a digital handover tool that is purchased ‘off the shelf’ from a commercial supplier

	A possible viable option, but estimated costs are likely to be prohibitive under the current financial climate. The interfaces needed with national systems will require local IT resources.

	Build an ‘in-house’ digital handover tool in its entirety.

	Design team’s capacity could be a possible limitation in terms of pace, but this is viable as an option.

	Request the Cito (Digital ecosystem supplier) team to provide this functionality within their platform

	A viable option, but the Cito team is at least 12 months behind on milestones on existing project on digital ecosystem. This option offers the least control of the pace of delivery.

	Enhance the existing Emergency Admissions System (EAS) tool to include a module which is capable of handover by internal development

	An attractive option, as the interfaces are in place already to a certain degree. May offer the best balance between resource, pace and potential benefits


	Educational activities supplemented by clinical audit and quality improvement work 
to promote knowledge on good handover practices with no enablers (the system in situ)
	Published data suggests improvement in the order of 40-60%, but still leaves significant gaps to bridge (Martin et al., 2018)

	Explore MS Office 365 suite to look at shared messaging and teams areas to implement handover functionality
	No current evidence of tools built on this platform and requires further exploration. Managing access/privileges could prove resource intense.

	Await implementation of Cito ecosystem across the health board before considering resolving the handover quality improvement initiative

	The option that carries the lowest likelihood of effectiveness in pace terms.



The following resources were utilised to derive the user requirements of the eventual solution. The principles of software engineering set out by Somerville (Sommerville, 2015) were applied to derive system requirements from the user requirements. 
1. The literature review carried out for the gap analysis exercise was utilised to derive requirements
2. The RCP acute care toolkit
3. Junior doctors forum feedback
4. Key themes from the gap analysis fed into the solution.
The output of this exercise is presented in a tabulated format in the results section.
Results
The detailed gap analysis provided an overview of the handover process within the health board, which was patchy in several areas with gaps in structure, content and juniors’ satisfaction with the process. The Medical Director reflected on numerous complaints, concerns, reports that make reference to poor communication and handover in particular. There is a genuine concern that avoidable patient harm is occurring due to less than satisfactory processes. Historic attempts to address these gaps have demonstrated brief, unsustained improvement within paper processes, but task management and compliance with good standards have remained elusive within the health board, as indicated in an internal audit referred to earlier. Data from the audit showed that handover practices fall short of standards set by the RCP (Royal College of Physicians of London, 2011)
It was immediately clear through the focus group sessions that a digital tool remains the key enabler that has the potential to unlock this challenge as other hospitals have shown  (Cheah et al., 2005) (Ryan et al., 2011). 
The table presented earlier summarises the gap and the output of the gap analysis. The analysis does identify worrying trends in practice that the OMD is committed to improving. 
The organisation’s commitment, combined with the juniors’ appetite to establish a technological solution to resolve this gap is seen as an opportunity to progress this aspiration favourably.
Within the options evaluated, after due consideration of various factors (resources, practical considerations including pace and prevalent political views), the option to increase functionality of the Emergency Admissions System (EAS) that is functional within the Health Board for the following reasons
1. The resource requirements could be accommodated within the existing design team’s program
2. EAS is already in use and users are familiar with the tool, which minimises training requirements.
3. Some of the key interfaces required are available within the EAS making the architectural work less complex.
4. The use case presents interesting opportunities for a ‘modular’ style build of the EAS platform in the future.
5. The knowledge management requirements are well understood for the existing functions.
6. EAS is the main tool used by the on-call clinical team. Extending its functionality will mean that the team don’t have a multitude of tools to interact with.
7. Emergency admissions present significant handover challenges in themselves, and the data can be re-used to make the input elements less onerous for users.
There were disadvantages to extending the use of EAS which included the time lag (compared to an ‘off the shelf’ purchase), training responsibilities (however minimal) and maintenance and support requirements, but these were overcome by the significant upsides presented above.
The following table presents the user requirements and the subsequent system requirements gathered during the engagement process with the same target group that derived the preferred option. The requirements are presented in table 3.










	User requirement
	System requirement
	Notes

	Access to patient demographics
	The system should interface with eMPI (Electronic Master Patient Index) and have the following requirements as a result of the link
a. Ability to search for patients by name, date of birth, hospital number, NHS number and location lists 
b. Ability to display the patient demographics including current location at all times
c. Ability to search for a patient with limited details (Fuzzy search)

	Patients list from wards should be accessible, to allow users to ‘pick’ a patient from a WPAS list in addition to searching by details.

	Access to patient location
	The system should hold current location of patient with a bidirectional link to the Welsh Patient Administration System (WPAS). The location of the patient should be available in every page where the location is required to be displayed.
	The option to display location by a ward pictogram is seen to be a desirable feature.

The system should hold a visual construct of maps that represent wards to facilitate a visual view of location of patients on the task list.


	Multiple specialties should be able to use the system
	The system should have individual ‘tabs’ for different specialties (Medicine, Surgery, Orthopaedics, Urology etc) with ability to add as many tabs as required with the same data structure as outlined below.

	The tabs should allow one specialty to ‘pick’ a patient from another specialty’s handover list and add it to a different list.

	Users should be able to view results and radiology through the system
	The system should interface with existing admissions management system, Welsh Clinical Portal (WCP) and Synapse (Fuji Image viewing software) that are currently in use within the health board.

	The interface should facilitate opening these systems in patient context (When the patient page is being worked on, the system should have the link buttons visible on the page margin. When the button is clicked, the relevant system should land on that patient’s images or results to avoid further log ins and repetition of patient details entry)



	Users should be able to handover relevant background, tasks and prioritise them. There should be a range of viewing options of the tasks 
	The data input page/box should include the following fields
· Patient location (auto-populate if location available on WPAS)
· Consultant-in- charge of patient (auto-populate if available on WPAS)
· Handed over by (Individual name)
· GMC/NMC number of individual handing over
· Handed over to ( role within the on call team)
· Problem list/Background (Free text)
· Reason for handover/task (Free text)
· Task date (date to be completed)
· Task priority score (1 to 5)- with a hyperlink to show guidance on the scoring system
· Task completed? (on/off button)
· Suitable for weekend discharge? (on/off button)
· Handover appropriate? (on/off button)
· Any outstanding tasks or issues? 
· Auto-capture date and time of entry and display when form submitted/saved
· All fields above should be editable at all times (no ‘locking’)

	Task management requirements- The system should have the following capabilities to manage the task collected through the input page. A variety is displays should be feasible to suit the individual user’s preferences
· List of tasks by location
· List of tasks by priority
· List tasks by way of a ‘heat’ map (density of tasks by clinical area)
· List of tasks by date of task
· List of tasks by time/date of entry
· List of tasks by ‘outstanding tasks’
· List of tasks by ‘weekend discharge’
· List of tasks by recent changes in priority level
· List of tasks by recent additions
· List of tasks by role within on call team.
· List of tasks by ‘allocations’ (see next requirement)


	The on call team leader should be able to allocate tasks to members
	Task allocation features- The system should have the ability for the ‘team leader’ to ‘allocate’ tasks to individual members of the team.

	The system needs to be able to allow ‘allocating rights’ to certain grades only (selective access)

	Users should be made aware of any changes/additions
	Notification features- The system should be able to notify users of any recent changes or additions to the task list by means of an audible ‘ping’, pop-up or any other means feasible.
	Notification should be triggered if a task has just been ‘allocated’ to an individual

	Users should be able to access the system from anywhere 
	The system should be ‘rendered’ to allow usage in a laptop, touchscreen monitor, tablet or a mobile phone

Every user should be able to ‘customise’ the landing page to a specific list on first log in (preferences/individual settings page)

The list of tasks should refresh at regular intervals (time gaps to be discussed and balanced with system speed and responsiveness)

The system should be web-based to facilitate access from anywhere with appropriate authentication

	The system should be workable from a touch screen device

	Users should be able to see lists for the day/date they are working and relevant to them
	The systems should ‘auto-clear’ the task list at 8 am every day, and display the task list for the new date. 

The date definition for the system will be on an 8 am to 8 am basis. For example, 1st January 2022 on the system will display items/tasks that were listed/undertaken between 8 am on 1st January 2022 to 8 am on 2nd January 2022.

When a list is ‘auto-cleared’ at 8 am, it should pull through unfinished tasks from the previous day for validating and clearing by the team.

Validating unfinished tasks on a new date should be possible by carrying out the following actions
1. Completing the task on the new date and recording the new date/time of completion of task. When a new date is entered, a pop-up should appear requiring the recording of a reason for the delay (free text)
2. Stating that the task is no longer required with a reason entered.
3. Stating that the clinical circumstances have changed since task entered.
4. Stating that the handover was inappropriate with a reason entered.
5. The task list table should be able to highlight tasks that are complete, due today and overdue in different background colours for easy interpretation at a glance.

	A single page should be able to accommodate 20 rows on a standard desktop screen. Further items should be accessible by further pages with easy ability to toggle through the respective pages.


	Users should be able to view historic task lists
	A date picker feature is required to access previous task lists. 

Accessing a previous date should bring up the task list for the respective date


	Access history of every page that should be available on a button in a fixed position in every page of the system.

Buttons to access the previous date and next date without having to go through the date picker for ease of use during weekends.


	Users should be able to audit the data in the system with appropriate authentication
	The system should have some super user functions to facilitate departmental audits.
The system should generate reports which should be available to front end users with links that should be made available for certain users with appropriate permissions.

The types of reports should be configurable as required to study patterns of handovers and compliance with best practice.

	


Table 3
Non-functional requirements (Constraints)
Security
1. The system will be holding confidential clinical information, and therefore, should have appropriate permissions to access that is on par with other clinical systems in use within the health board
2. The risk of clinical information being visible to other potential users will need to be managed with auto-log out features in line with other systems
3. A ‘single sign-on’ feature is essential to ensure there is no friction in accessing other clinical systems through the links available
4. The relevant interfaces are to be constructed with WPAS, eMPI, Synapse and WCP. The security requirements for these systems should be matched with the new system to ensure seamlessness is achieved.
Performance
1. It is essential that the response times, and page change times are on par with existing clinical systems (technical standards for this requirement to be established with expert advice)
2. The system should be able to cope with multiple users being able to interact with the system simultaneously. Testing will be carried out with 20 users concurrently interacting with the system (approximately twice the number expected to be working on the system contemporaneously)
Seamless interfaces
1. It is deemed essential to have the following interfaces to allow the system to function as an effective tool for on call clinical staff.
a. Unidirectional interface with eMPI for demographic data
b. Unidirectional interface with WPAS for patient location
c. Unidirectional interface with Synapse for image viewing
d. Unidirectional interface with WCP for viewing results
e. Possible bidirectional interface with the Electronic Health Record ecosystem (Civica Cito system- currently under procurement by the health Board)
Information Governance (IG)
1. IG approval needs to be secured for the patient data that will be held in the system. It is likely that a Data Protection Impact Assessment (DPIA) will need to be completed. 
2. The ability to access patient data from anywhere will require the relevant authentication requirements to be defined with guidance from IG.
Legal compliance
1. The system will be required to produce an output for each patient page which can then be attached to the paper case notes.
2. The digital paperless record project is currently underway and is at its early stages. A pdf output from the system should be fed into the digital ecosystem.
3. The above two points are critically important for compliance with ATHR (Access To Health Records) legislation. 




Discussion

The previous attempts at improving handover on a sustainable basis over the years have largely been less than successful without the key enabling power of digital technology. Digital technological solutions within an Electronic Health Record context exist in various commercial platforms, but the health board is contractually tied into the supplier Civica Cito for its ecosystem provision (with Electronic Health Record capability). A digital handover tool does not exist on that platform at the time of the production of this essay. This therefore means an alternative commercial solution or one that is built afresh requires acquisition.

The option that has been arrived at (to add this functionality to an existing user friendly system) provides the best chance for commencing the transformational journey from the current unsatisfactory position to achieving excellence in handover practices. It further allows an iterative learning process that will allow agile development of the solution without the restrictions posed by a commercial contract with a supplier.

It is intended that a time window of approximately 3 months is required for the development, testing and deployment of this solution. A training video is required to supplement step-by-step user guides.

A slot will be secured for discussing handover within the Junior Doctor Induction week in August 2022, and the tool’s capabilities will be shared with instructions and log-in credentials provided. The rollout and adoption strategy will be along the following knowledge management principles.
1. Junior clinicians who are on-call will be trained and inducted on the system as they enter the hospital on their first week
2. The OMD has lent its support for the successful rollout, and this will help with engagement with Senior Physicians.
3. Extra software support will be provided for the first month until the system is ‘handed over’ to the services.
4. Video training modules (bite-sized) will be made available to be sent along to groups through existing popular apps such as Whatsapp to ensure wide reach amongst clinical groups (increasing amount of guidance documents, communications are beginning to reach this domain in the last 2 years, and is proving to be an effective strategy).
It is anticipated that some of the complex interface work with existing national clinical systems may not be achievable in the first iteration of the digital solution, but this will be prioritised in partnership with the national team (DHCW- Digital Health and Care, Wales). The tool will be made available across Wales, which will be an added incentive to ensure that the interface work will not be required to be repeated for multiple health boards (at present, there are no digital handover tools in existence across Wales, as far as it could be ascertained- this requires further verification).
The acquisition approach outlined here has broadly been ‘agreed in principle’ by the OMD, who have agreed to fund this initiative.
An evaluation exercise including the following elements is planned within 6 months of introduction of the tool
1. The system usage data will be held in the system and will be available to evaluate the uptake within the Health Board
2. The system’s usability will be assessed by means of a survey and engagement with the same fora involved in the conception of this tool.
3. A clinical audit to evaluate the appropriateness of the tool will be undertaken and reported to the Clinical Effectiveness Group in spring 2023.
There has never been a more urgent need to unlock the potential of digital technology to tackle such a fundamental, stubborn and thorny concern relating to patient safety.
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