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Setting and scope, background, and Literature review - 
 
Internationally, there is a rising demand from Intensive care unit (ICU) managers and clinicians to increase the supply of commissioned ICU beds to match the ever-increasing need of caring for critically sick patients. The demand for ICU beds is rising as more and more availability of novel treatment for complex systemic diseases, cyclical pandemic pressure from viral illnesses and lastly, patient staying in ICU for more days as compared to before due to better availability of holistic ICU care and treatments. In comparison to Europe, UK has the lowest number of ICU beds per 100,000 population (1). Wales has only 5.7 ICU beds per 100,000 population compared to seven in the rest of the UK (2). Report by Task and Finish group on critical care services within Wales, published by Wales government in July 2019, illustrated that approximately Nine-thousand and six hundred patients are being admitted to ICUs annually across Wales and the number of patients needing ICU beds is projected to rise by 4% each year. Within the report, there were also recommendations for increasing the number of commissioned ICU beds by year 2023 to match the ever-rising demand (2). NHS Wales has seven University health boards (UHB) and in total twelve small to large ICUs to manage the patient workload (3). In total there are one hundred and eighty-two commissioned ICU beds, one hundred and five of which are located within four UHB, namely Aneurin Bevan UHB (ABUHB), Swansea Bay UHB (SBUHB), Cwm Taf Morgannwg UHB (CTMUHB) and Cardiff and Vale UHB (CAVUHB) in south Wales. Rest of the commissioned ICU beds are located in West Wales under Hywel Dda UHB (HDUHB) and North Wales under Betsi Cadwaladr (BCUHB). The number of beds within each ICU also vary, for example smaller ICUs in district general hospitals like Princess of Wales, Bridgend or Prince Charles Hospital, Merthyr-Tydfil have a total seven ICU beds. In comparison, larger University hospitals like the one at university hospital of Wales, Cardiff has thirty-eight ICU beds. The reason for more ICU beds in some hospitals as compared to others are mainly down to two reasons, higher number of commissioned specialist services or patient care pathways located in that hospital and secondarily higher proportion of population served by that particular hospital. Larger ICUs suffer from a perennial problem whereby demand exceeds supply on most days with problem peaking during winter period.

Currently all the ICUs work in isolation or silos with minimal daily data sharing between them about ICU bed occupancy or availability. As ICU beds are one of the scarce resources in Wales and with rising demand annually, it has become increasingly important to efficiently track and operationally manage bed availability across all ICUs. The ideal approach to improve the ongoing problem will be, to not only invest in creating new commissioned physical ICU beds and employ human resources across different health boards but also look for novel digital solutions like building a live digital dashboard or web application which tracks the usage and availability of ICU bed 24*7. ICU dashboard will improve the efficiency and effectiveness of managing flow of patients within each ICU across Wales.

Among many moving parts within individual ICU, following are the three common and main factors that interplay with each other to make an ICU bed available for patient admission. 

A) Trained Staff Nurse availability:
Most important among all factors is availability of trained ICU staff nurse who can safely care
for critically sick patients. As per the Faculty of Intensive Care medicine (FICM) recommendations, one nurse should directly care for one level 3 patient, whereas in case of level 2 patients, one nurse should directly care for 2 patients (4). The definition for different levels of care provided to a patient in an acute hospital setting are as follows:
	      
      Level 0
	Patients whose needs can be met through normal ward care in an acute hospital.

	  

     Level 1 
	Patients at risk of their condition deteriorating, or those recently relocated from higher levels of care, whose needs can be met on an acute ward with additional advice and support from the critical care team.

	
      Level 2
	Patients requiring more detailed observation or intervention including support for a single failing organ system or post-operative care or those ‘stepping down’ from Level 3 care.

	
     Level 3
	Patients requiring advanced respiratory support alone, or basic respiratory support together with support of at least two organ systems. This level includes all complex patients requiring support for multi-organ failure.


 
In ICU, all patients that are admitted either need level 2 or 3 ICU care. Also, In ICUs with more than ten commissioned beds, there is a recommendation to have one supernumerary senior registered nurse or zone nurse leader per ten beds to oversee a small cohort of patients as well as provide clinical and non-clinical support to bedside junior staff nurse. Lastly, one supernumerary senior registered nurse functions 24*7 as a duty or flow coordinator. Flow coordinator nurse have multiple roles, firstly, allocation of junior staff nurses coming on to shift for each patient based individual patient current level of care (L2/3). Sometimes, allocation of appropriate patient nurse ratio as per FICM recommendations are not met due to scarce ICU nurse resources, in those scenarios’ flow coordinator must then engage with private agencies outside the hospital who can provide staff nurses to work on a locum or bank shift. Secondly, flow coordinator is the first point of contact for an emergency sick leave for nursing staff coming on to shift. Thirdly, engagement with multiple stakeholders within or outside the hospital for ICU patient’s admission or discharge. To name a few stakeholders engagement during a shift, it may be, an ICU consultant, ICU manager, hospital site manager for ward discharges from ICU or a flow coordinator from other trust or hospital for patients needing repatriation. Fourthly, clinical advice to junior staff nurses to help with patient management. 
 
A twelve-hour day shift for flow coordinator is quite tedious and nerve-racking and it involves multiple steps – Firstly, writing down names of all staff nurses coming on for a shift from electronic nurse rota on to paper. Secondly, exclude names of people who have taken an urgent sick leave. Thirdly, calculate the total number of nursing staff needed for the shift, which is based upon current ICU inpatient numbers and the level of care along-with any ICU admission awaited from ward or emergency department. Fourthly, engage with nurses from different wards within the organization for a helping hand or with private agencies for booking a locum shift in case the total nurse requirements are short for any shifts. Fifthly, engagements with multiple stakeholders throughout the day either through face to face meetings or phone call to expedite patient admission or discharge. All the above steps are done on paper with no data trail.  

B) Specialist/tertiary or non-specialist care: - 
 
In Wales, healthcare is delivered through seven separate health boards. Each health board has many different acute hospitals which range from smaller district general hospitals catering to only basic or some essential emergency services to larger university hospitals which provide all the tertiary services for elective or emergency medical, surgical or specialist services. Large university hospitals like the one based in Cardiff or Swansea have many standalone specialist services which are not commissioned anywhere else within Wales and to receive that special treatment, patient must be admitted to those hospitals. These commissioned specialist services, to name a few like neurosurgery, neurotrauma, polytrauma, haematology, nephrology, cardiology, and organ transplantation creates an added pressure on already scarce ICU bed resource in large University hospitals. Apart from specialist tertiary service, some patients might end up getting sick and needing ICU treatment after a non-specialist treatment like, after a routine elective surgery or medical patients admitted through the emergency department. The initial or subsequent non-specialist ICU treatment that these patients require can also be given in a smaller district general hospital rather than occupying scarce ICU bed resources in a large tertiary hospital.
One of the other roles of flow coordinator is to daily classify admitted inpatients into two categories, patients admitted for specialist or non-specialist care. Similarly, patients are also classified based on their primary health board. This work is done manually on a large physical white board kept in the office of flow coordinator. So, if any other person needs the same information, he or she must either call or visit room to get the information. In scenarios when capacity gets overwhelmed with more patients and less staffed beds, either due to winter pressure or pandemic, it becomes extremely difficult for on call ICU consultant as well as flow coordinator to operationally manage flow of patients away from the office where the white board is kept. 
 
C) Delayed transfer of care from ICU to ward level: -
 
Apart from major issues and problems highlighted above related to patient admission to ICUs, equally, there is significant problems in discharging patients from ICU to ward level care, and repatriation to other health boards after finishing specialist treatment. This delay in transfer of care (DTOC) leads to added pressure and complexity within the bed management system where it becomes nearly impossible to create capacity for new patients. DTOC for more than 4 hrs has been identified as one of the problems by the task and finish group on critical care (2). The report stated that 66% of the patients were delayed transfers from ICU by over four hours, which has directly led to wastage of bed capacity equivalent to 17 ICU beds. Individual ICU may differ slightly in their daily routine but an example from ICU based in Cardiff is as follows: Everyday as soon as the ICU consultant finishes the morning ward round, the information regarding patient discharges or repatriations to other health boards, are then relayed to flow coordinators during spotlight meeting at 1300 hrs. Flow coordinator then updates the physical white board with the new information and then start liaising with the hospital flow manager to find an appropriate bed within the hospital. Also, some patients are to be repatriated to primary health boards after completing their specialist treatment. The current process of repatriations is very tedious and time consuming. The process has multiple steps: Firstly, using two different health board phone switch boards, the flow coordinator tries to reach another ICU flow coordinator where the patient is to be sent. Once contacted, they discuss availability of ICU beds for repatriation as well as names of on-call consultants for handover and acceptance of transfer of patient care. The patient's clinical progress and indication for transfer is then discussed between consultants for a formal acceptance of transfer of care between them. After the vacant bed is identified on a particular day, flow coordinator from the specialist hospital then liaises with patient transfer services or welsh ambulance services to transport the patient between hospitals safely. This whole process of transferring patients between hospitals is quite time consuming and cumbersome, which involves waiting on phone for many minutes to hours in trying to contact people, patient clinical care handover and then arranging transport. Some days the process takes so much time that people end up spending less time on clinical work and more time speaking to different stakeholders to arrange a discharge or repatriation. This is a daily struggle for flow coordinators and on call consultants throughout the year which adds to unnecessary mental fatigue.

So, in summary the current way of managing patient flow within any ICU in Wales is very tedious and time consuming. It currently involves writing all the daily information on paper, communication between stakeholders via phone or sometimes through emails. There could be few solutions to improve flow management within hospitals or between hospitals, one is employing separate administrative staff specifically responsible for managing flow and contacting stakeholders in a timely fashion. It might be easy to burden the responsibility to anyone within the organisation during daytime hours, but the main difficulty might be to employ trained administrative staff to do the above job during out of hours. It will not only be cost ineffective but also very difficult to find an appropriate person to perform an out of hours job. The other novel solution could be, to build an electronic dashboard or web application which gives automated live information about number of patients currently admitted to ICU, number of beds available for new admission, number of nurses coming on to any shift and total nurse deficit on any shift, calculate number of patients with delayed transfer of care , availability of ICU beds in other health boards to facilitate discharges or repatriations, ability to electronically request for repatriations and lastly ability to share discharge summaries and clinical handover electronically. The idea is to automate most of the daily flow coordinator work, with some timely input to facilitate better and robust planning and coordination in patient flow. 
 

Approach and scope:
The approach to build the electronic dashboard to solve the above problem will be through following steps: 

Firstly, the project will be kick stated by creating a task force with every stakeholder as its member. Members will be an ICU consultant and/or flow coordinator from every health board, Software programmer to help with designing and developing necessary software platform, Information governance (IG) lead to advise on patient data handling confidentially, Information technology (IT) expert to advise on appropriate hardware support required to run the software programme, ICU managers, finance department lead to help with project budgeting and sanctioning of finances and finally members from critical care implementation group (CCIG) which is an all Wales advisory group to Welsh government about any new programme or services needed for ICU nationally. There will be a named project lead whose responsibility will be to chair the meetings and overall responsibility towards completing the project within a set timeframe. 

Introductory meeting where project aims, and objectives will be discussed with all stakeholders. Discussion on timelines and financial support required for project.

Task allocation - Creating small subgroup of members and allocating specific tasks and timelines for reports submission and task completion. Few examples are Group 1 - Software developer with end users like ICU consultants, flow coordinators and ICU managers. Main task of the group will be to discuss in micro detail about the daily problems in managing patient flow and possible user-friendly digital solutions that can be built by software developer. Group 2 - Software developer, IT expert and IG lead. Main task of the group will be to discuss how confidential patient data can be accessed safely from the new system? What will be the safety features that need to go in to prevent inadvertent usage of confidential data? What software products will need to be bought to build the platform? How to select the different software vendors and the criterion used for its selection? What hardware will be required to support the platform and how will it be funded? Will the platform use existing hospital/trust hardware or new virtual hardware supplied by companies like Amazon and Microsoft? What will be the approximate cost of building IT infrastructure? Group 3 - Finance head, ICU managers and CCIG members - Main aim of the group is to do a cost-effectiveness analysis of the project, how the project will benefit patients, how it will be funded in short and long term, what will be the initial and subsequent capital expenditure and whose responsibility will be to further iterate and modify as per prevailing circumstances. 

Project cost: The total cost is difficult to know at this point, but it will be defined as the project goes along. The large sum of money will be mostly spent on buying hardware or cloud service needing to run the software, fees for software developers to build and maintain the programme and train end users on how to use the application. Other cost involved will be to pay fee or salary to the project lead. The total cost might come down substantially if we use existing cloud support within the health boards to run the software programme. 

Interim meetings: An interim meeting after all the individual groups have met and deliberated as per allocated group tasks and submitted a report to the project lead. Aim of the interim meeting will be to deliberate on individual group report and any other roadblocks or concerns that were identified during group discussions and any possible solutions. 
The software developers and IT experts will be tasked to do a trial run of the dashboard with end users and rectify if any software glitches are encountered. Evaluation of all the safety features that are built for any possible leakage of confidential information. Training of end users on how to operate and use all the functions within the dashboard safely, creation of user id for all the end users, individualize the dashboard access and interface based on end user requirements. For Example, an on-call ICU consultant will require information on how many nursed beds are available for admission, how many are awaiting discharge or repatriations and how many patients are admitted for specialist or non-specialist care. In contrast, a flow coordinator would like to have rapid access about data on total staff nurses coming on to any shift, what are the level of care or organ support each patient is receiving and potential patient discharges and repatriations. Once all the training and trial run are completed, project will be launched nationally across all ICU in Wales. 

Project launch - Once all the trial run and training of end users have finished and appropriate data safety and IG criterion have been met, the dashboard will be launched. After the launch, the software and IT expert will monitor the traffic and rectify any glitches encountered within the programme. The software will also be updated routinely as per feedback from multiple users as well as for any update required for security reasons. 

Project completion - Once the dashboard is up and running successfully, the dashboard project will be handed over to individual ICU directorates and trust IT department for ongoing maintenance. A detailed project report will be prepared outlining in detail all the steps and processes undertaken to achieve the desired aims and objectives. It will also highlight any problems encountered during the individual stages and how it was rectified, project overall cost, cost-effectiveness analysis, training, end user engagements and explanation of context why the project was undertaken. The project report will be submitted to the critical care implementation group (CCIG) and to the Welsh government (WG). 

Literature review: 
The literature search was done on PubMed, using the following specific terms as search criteria: “digital dashboard in critical care”, “digital dashboard in healthcare” and “electronic dashboard in critical care”. The period for the search criterion were from the year 2010-2021 and it included any published literature in the form of either review article, case-control study, observational study, systematic review or meta-analysis. 
On searching “digital dashboard in critical care”, nine articles came up on search results. In contrast, fifty-seven and fifty-five results came up on searching the following themes: “digital dashboard in healthcare” and “electronic dashboard in critical care” respectively. 
Table 1 illustrates a summary of eighteen literature search results. Dowding D et al have published a literature review in which they have included eleven studies with considerable heterogeneity in implementation setting, dashboard usage and indicators used to assess its performance (5). There are many different types of dashboards that are described in this review paper - 1) Quality dashboards, which provides visual display of patient related quality indicators to enable managers to identify areas for improvement. 2) Clinical dashboards - Visual display of important clinical variables that help clinicians with relevant and timely information to improve quality of patient care. 3) Communication dashboards - A dashboard to improve clinical workflow and patterns of communication with the broader health care team. 4) Visual Dashboard - showing qualitative and quantitative data on both measurable impact and staff/patient perceptions. The review paper main inference was to always consider “context” as the primary driver to achieve success in any digital project. (5). In this project, context is to improve the operational flow of ICU patients in Wales by setting up a national digital dashboard which tracks ICU bed capacity 24*7. The initial work will mostly be targeted against automation of current ways of work done by flow coordinator and ICU consultants, and later iteration will be transformation where new problems will be solved using the same digital platforms. Secondarily, end user engagements are also very important from the very beginning, as these will be the people who will be the bulk users and they could help fine tune the software development from the very beginning. 
There can also be some drawbacks or unintended consequences (UICs) related to digital projects and it is important to be mindful of that during running of project. Anuj Dalal et. al, published a study where digital tools were used to prepare for early discharge from hospital. The study result was negative, and patients were eventually spending more time in hospital as checklists were raising more queries from patients that needed sorting out prior to discharge (10).

	S. No. 
	Aim of study or study title
	            Objectives
	          Results

	1.
	Evaluation of a digital triage platform in Uganda: A quality improvement initiative to reduce the time to antibiotic administration (6).
	This quality improvement initiative sought to reduce the time to antibiotic administration at a dedicated children’s hospital outpatient department in Mbarara, Uganda.
	A computer-based dashboard to alert the clinicians for antibiotic prescription, resulted in early delivery

	2. 
	A novel concept for integrating and delivering health information using a comprehensive digital dashboard: An analysis of healthcare professionals' intention to adopt a new system and the trend of its real usage (7).
	To introduce a new concept of medical dashboard system called BESTBoard (Bundang Excellent & Smart Touch Board). Such a system was implemented in all wards in a tertiary academic hospital to explore the development process, core designs, functions, usability, and feasibility.
	A new concept of hospital dashboard system proved to be feasible and useful in delivering health information to healthcare professionals

	3.
	Rapid adaptation of a local healthcare digital system to COVID-19: The experience in Birmingham (UK) (8).
	Sharing local experience as a case study, describing development and lessons learned applicable to wider electronic healthcare record development.
	Digital tools were rapidly adapted to improve delivery of healthcare in a large UK NHS trust.


	4.
	Automated analysis of free-text comments and dashboard representations in patient experience surveys: a multimethod co-design study (9).
	To improve the use and usefulness of patient experience surveys free-text comments in driving health service changes that improve the patient experience.
	Automated display of patient experience comments could drive health care services improvement.

	5. 
	Evaluation of electronic health record-integrated digital health tools to engage hospitalized patients in discharge preparation (10).
	To evaluate the effect of electronic health record (EHR)-integrated digital health tools, comprised of a checklist and video on transitions-of-care outcomes for patients preparing for discharge.
	EHR-integrated digital health tools to prepare patients for discharge did not significantly increase patient activation and was associated with a longer length of stay.

	6.









	Hummingbird Study: a study protocol for a multicentre exploratory trial to assess the acceptance and performance of a digital medicine system in adults with schizophrenia, schizoaffective disorder or first-episode psychosis (11).
 

	A digital medicine system (DMS) has been developed to objectively monitor patient adherence and support clinical decision-making regarding treatment choices. This study assesses the acceptance and performance of the DMS in adults with schizophrenia, schizoaffective disorder or first-episode psychosis and in healthcare professionals (HCPs).
	Primary end point is proportion of days with good patch coverage (>/= 80% patch data available) during the assessment period.

	7
	Co-designing a dashboard of predictive analytics and decision support to drive care quality and client outcomes in aged care: a mixed-method study protocol (12).

	This protocol describes the co-design and testing of a dashboard in residential aged care facilities (nursing or care homes) and community-based aged care settings (formal care provided at home or in the community). The dashboard will comprise integrated data to provide an ‘at-a-glance’ overview of aged care clients, indicators to identify clients at risk of fall-related hospitalisations and poor quality of life, and evidence-based decision support to minimise these risks.
	This mixed-method study will involve (1) co-designing dashboard features with aged care staff, clients, informal caregivers, and general practitioners (GPs), (2) integrating aged care data silos and developing risk models, and (3) testing dashboard prototypes with users.

	8
	The ED-inpatient dashboard: Uniting emergency and inpatient clinicians to improve the efficiency and quality of care for patients requiring emergency admission to hospital (13).
	To improve delivery of rapid care 
	The EDii (Emergency Department inpatient interface) dashboard helped unite both ED and inpatient teams in clinical redesign to improve both efficiencies of care and patient outcomes.

	9
	HOPES - Health Outcomes through Positive Engagement and Self-Empowerment: An Integrative Digital Phenotyping Platform for Data Collection, Monitoring, and Machine Learning (14).
	Development of and early experiences with a comprehensive digital phenotyping platform: Health Outcomes through Positive Engagement and Self-Empowerment (HOPES).
	Description of new data pipelines to clean, process, present, and analyse data - Initial results were promising and the study researchers are hoping to release the full result soon.

	10
	Design and implementation of a clinical decision support (CDS) tool for primary palliative Care for Emergency Medicine (PRIM-ER) (15).

	The Primary Palliative Care for Emergency Medicine (PRIM-ER) study aims to optimize the use of the electronic health record by creating a CDS tool to identify high risk patients most likely to benefit from primary palliative care and provide point-of-care clinical recommendations.
	CDS can be an effective tool in the implementation of primary palliative care quality improvement best practices.

	11

	An electronic dashboard to improve nursing care (16).
	Implementation of an interactive electronic dashboard on top of their Computerized physician order entry (CPOE) system to improve visibility of vital patient data
	Good feedback with high end user satisfaction.

	12
	Electronic trauma patient outcomes assessment tool: performance improvement in the trauma intensive care unit (17).
	Introduction of performance management electronic dashboard in tertiary intensive care units.
	Implementation of an electronic dashboard enhances compliance in managing trauma patients in a sustainable manner, allows immediate correction of deficiencies, monitors trends, and facilitates performance improvement/patient safety initiatives of a trauma program.

	13.
	Reducing length of stay and improving quality of care by implementation of informatics system and care bundle in the ICU (18).
	Examine the effects of implementing an electronic-ICU (e-ICU) and an informatics system in an ICU on the LOS of patients and quality of care.
	Demographic characteristics and in-hospital mortality rates did not differ significantly between the two groups, and the LOS decreased from 7.26 to 5.53 days (p < 0.01).

	14
	The implementation of clinician designed human-centred electronic medical record (EMR) viewer in the intensive care unit: a pilot step-wedge cluster randomized trial (19).
	Purpose of the study was to study the impact and acceptance of a new dashboard on data management in live clinical ICU settings.
	The introduction of a novel, patient cantered EMR viewer for the ICU was associated with improved efficiency and ease of clinical data management compared to the standard EMR.

	15
	Use of electronic medical record-enhanced checklist and electronic dashboard to decrease CLABSIs (20).
	Implementation of new dashboard to improve compliance with catheter care bundle to decrease the incidence of CLABSIs
	Decrease in incidence of CLABSI.

	16
	Use of Electronic Visibility Boards (EVBs) to Improve Patient Care Quality, Safety, and Flow on Inpatient Paediatric Acute Care Units (21).
	Evaluate the use of EVBs as a tool to improve patient care quality, safety and flow in a paediatric inpatient setting.
	Initial results suggest that with appropriate design, EVBs can effectively enhance patient safety and care.

	17
	Clinical Impact of an Electronic Dashboard and Alert System for Sedation Minimization and Ventilator Liberation: A Before-After Study (22).
	To demonstrate proof-of-concept and impact of an electronic application promoting sedation minimization and ventilator liberation.
	Implementation of an electronic dashboard and alert system promoting sedation minimization and ventilator liberation was associated with reductions in the duration of mechanical ventilation and ICU length of stay.

	18
	A reference guide to rapidly implementing an institutional dashboard for resource allocation and oversight during COVID-19 pandemic surge  (23).

	A dashboard that leverages electronic health record (EHR) data to monitor intensive care unit patient status and ventilator utilization in the setting of the COVID-19 pandemic.
	Dashboard showing institution level ventilator usage and other organ specific variables.


Table 1: Showing result of literature search with following specific terms as search criteria: “digital dashboard in critical care”, “digital dashboard in healthcare” and “electronic dashboard in critical care”.



Aims and objectives: - 
 
Aims: -
A project to develop an electronic dashboard to operationally manage flow of ICU patients across all ICUs in Wales.
Objectives: -
 
1. 24*7 electronically tracking of ICU admission capacity.
 
2. 24*7 electronically tracking of the number of patients needing discharge or repatriations from ICUs.
 
3. Dashboard which can automate patients’ admission details into either requiring specialist or non-specialist treatment and primary health board.
 
4. Dashboard which can link with nursing rota and automate following details - number of nurses coming to work on each shift, calculation/tracking of nurse’s gain/deficit as per the patient level of care.
 
5. Calculation of number of patients with delayed transfer of care (DTOCs) from ICU.
 
6. Agreeing on an individualised traffic light system of red, amber, and green across different ICUs depending upon percentage of available or vacant ICU admission beds.
 
 
Methodology – 
This project will utilise principles of Projects in Controlled environments (PRINCE-2) and Agile project management (APM) as the primary aim is to deliver a digital dashboard (main theme of project) to replace the existing process of paper based way of managing flow of patients across each ICU. The seven principles and seven themes of PRINCE-2 will provide the overarching or umbrella structure and basis for the project. PRINCE-2 project management methodology is chosen as compared to Managing Successful Programmes (MSP) as the aim is to transform or develop a single theme and it does not involve running multiple and simultaneous projects to achieve objectives. The project will be developed in a linear fashion whereby all the advice from stakeholders will be taken to bring the project to completion.
Principles of APM will be utilised in developing the software for the dashboard. There will be weekly scrum meetings between software developers and end user to iterate and develop the software. 
In summary, aim is to design a digital dashboard at macro level where it will track ICU bed capacity or availability 24*7 across all ICUs in Wales. The project will be developed in collaboration with Digital health and Social Care (DHSC), Wales whereby leads from IG, IT, software developer and end users from each seven health boards will form a task force with the aim of completing the project within a pre-specified timeline of six to nine months. 

Evaluation: 
There will be multiple evaluation processes after the launch of project:

1. Deming or PDSA cycle will be used to see if all the objectives as laid down are met or not. If any objectives are not met, the reasons for it will be evaluated and further changes will be made.

2. Cost-effective analysis - The cost of developing and running the dashboard will be evaluated against the cost of managing flow of patients using current system of duty or flow coordinators. 

3. Feedback from end users: End user feedback will be taken on:
· Usage of new digital platform 
· Daily stress in managing patient flow across ICU among end users.
· Communication within a hospital for patient discharges 
· Communication with other health boards regarding repatriations of patients to other ICU.
· Time spent in arranging discharges or repatriations as compared to previous processes.

4. Percentage of total shift time spent in working clinically or patient facing by flow coordinators across all ICUs

5. Proportion of delayed transfer of care (DTOC)
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