Healthy Weight Healthy Wales: A digital growth chart for Wales

Introduction
Growth is an important indicator of a child's health (RCPCH, 2022) and wellbeing. Serial weight and height measurements are necessary for the assessment of normal growth and for early identification of under or over nutrition but also as a form of reassurance for parents that their child is growing appropriately. The measurement of head circumference is important for early identification of conditions such as hydrocephalus.  NICE guidance recommends that all babies and preschool children have their measurements plotted on a growth chart. If concerns are raised about the growth of a baby or preschool child, regular measurement and plotting of their weight and length or height on the UK-WHO growth chart in their personal child health record ('red book'), or electronic equivalent, can confirm whether their growth is faltering. (NICE Guidance, 2020)
In 2006, the World Health Organisation Multicentre Growth Reference Study Group (WHO, 2006) published growth standards for babies and young children based on the growth of healthy breastfed children in optimal conditions from six different countries. In 2009, UK-WHO charts were published (updated in 2013) and are appropriate for all babies whether breast or bottle-fed and for all children under the age of 4 years. The 9-centile format is a unique UK invention, which allows the extremes of growth to be more sensitively recorded with the centiles themselves describing what percentage of the population is above or below a centile line at any age (e.g. 25th centile: 25% of children will be shorter, 75% of children will be taller)
The Healthy Child Programme schedule recommends weighing at routine contacts: 2 weeks; 6-12 months; 2-2½ years; School entry (4-5 years); End of primary school (10-11 years)  (Department of Health, 2009) Babies should be weighed more frequently if there is concern about poor or excessive weight gain.  Recording measurements accurately is just as important as taking them.  Over time, a well-plotted growth chart may help to identify a number of weight or growth-related conditions.

Growth charts are available through the Royal College of Paediatrics and Child Health and are separated into pre-school years and school years. Within these are also options for closer monitoring e.g. for infants, toddlers, children or teenagers with health or nutritional problems that may warrant increased surveillance. There are also charts available specific to conditions e.g. Down's Syndrome and for premature babies.  Despite measures put in place to halt the year-on-year rise in childhood obesity, obesity is still a major public health concern in the UK and therefore BMI measurement should be considered at health contacts.

Healthy Weight Healthy Wales : Welsh Government 2019
The Healthy Weight Healthy Wales strategy of 2019 addresses a Welsh Government policy to address the significant impact poor nutrition has on the populations health. (Welsh Government, 2019) The most recent Strategic Delivery Plan ; ‘Healthy weight Healthy Wales: moving ahead in 2022-2024’ was released in March 2022 (Welsh Government, 2022). The plan particularly focussed on taking action on obesity with funding packages set out for a range of key actions with a significant emphasis on children and early years and on reducing inequalities.  Data published by the Childhood Measurement Programme 2018/19 showed a sustained rise in childhood obesity of Welsh children. (Public Health Wales, 2021)
Healthy Wales Policy: National Priority Area 7: 
“Enhance the development of the system of prevention which enables leadership at every level.
● Strengthen the role of evaluation, surveillance and research to enable delivery by:
· Taking steps to improve systematic collection and access to primary care data regarding height and weight in order to inform the development of services and understand the impact of interventions on the prevalence of overweight and obesity in Wales.” (Welsh Government, 2022)

The commitment in the delivery plan to expand the support for accurate childhood growth measurements is crucial so that healthcare providers have the necessary data about children and young people to instigate timely interventions.1 (Tuthill, 2022) Without this fundamental growth data any assessment of the effectiveness of government interventions proposed within the strategic delivery plan will be impossible. 

Methods
A series of meetings were conducted with individuals to understand the digital landscape and the history surrounding previous attempts at implementing an all Wales digital growth chart.  These included meetings with : 
· CCIO (Chief Clinical Information Officer) at Cardiff and Vale University Health Board.
· Child Health Clinical Director at Aneurin Bevan University Health Board 
· ABUHB Clinical Informatician that had written and developed their own bespoke eGrowth solution.
· Chair of the Welsh Paediatric Informatics Group.
· Royal College of Paediatrics and Child Health Officer for Wales/ Welsh Paediatric Society
A gap analysis of current growth measurement practices within Welsh Child Health departments was undertaken using a 4 stage Gap analysis methodology. (Forbes, 2022)
Following which a structured questionnaire was submitted electronically to leading practitioners, informaticians and software developers between April and May 2022 to answer key technological and procurement questions enabling an options appraisal (HM Treasury, 2012) and SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis to be performed. (Sasankar, 2011).


Results
1. Gap analysis

a) Current position:
At present growth measurements of children are recorded within each health board with no sharing of this vital health data.  The majority of this data is recorded on paper growth charts which are prone to being lost, duplicated or unavailable.  Tertiary specialist services that are referred patients across health board boundaries do not have access to their patients local growth measurements. This poses patient safety issues in terms of the ability to accurate diagnose growth deficiencies in addition to potential medication dosing and the inability to monitor of associated side effects such as weight loss or gains.  Within an acute setting children are admitted as emergencies to A+E where an accurate measurement of the child’s weight might not be possible leading to the use of estimated weights based on age that are often incorrect thus leading to an under or overdosing of life saving medications.

b) Future goal:
The introduction of a digital growth chart is a fundamental requirement should NHS Wales aim to enable paper-lite wards, clinic and community work with the improved level of governance enabled through digital working.  The primary aim of this project is to introduce a digital growth chart that meets the specifications of the current paper form RCPCH UK-WHO growth charts for every child in Wales with the data for the charts centrally stored but is easily accessible across Wales.  The timeframe for implementation of the digital charts should be within the lifespan of the current Healthy Weight Healthy Wales Strategic Delivery plan: 2022-2024.  The longer term goal may be to enable functions such as automatic alerts and referral pathways depending on set criteria.

c) Gap in practice:
There is a wide discrepancy between the more digitally mature and digitally naïve health boards.  The only LHB within Wales that currently has a functioning digital growth chart is Aneurin Bevan UHB. All other health boards continue to use paper based charts with all of the aforementioned limitations.

d)  Plan to close the gap
· Identification of a key individual from Child Health with the authority to act as a voice for Paediatricians: The Welsh Paediatric Society President who also serves as Royal College of Paediatrics and Child Health Officer for Wales was identified as the key ‘Core Paediatrician’ to act as a link between DHCW and Welsh Paediatricians.
· ‘Core Paediatrician’ to highlight the Digital Growth chart project as a key objective at an All-Wales Child Health Clinical Directors meeting.
· Identification of a group of Digitally aware Paediatricians across all health boards to create a working group.
· Identification by the Digital Growth Chart working Group of the core Clinically relevant specifications and requirements for a functioning digital growth chart.

2. Product Requirements:
The requirements below were identified as the core data, organisational and technical specifications required for a digital growth chart to function in the desired manner:

a) Data/ organisational requirements:
· Data available and accessible across all Welsh Health Boards
· Secure data storage solution compliant with national patient privacy requirements
· Access to authorised individuals to view and submit growth data
· Editability of recordings with clear data trail
· Reliable system with minimal downtime and easily accessible IT support

b) Technical specifications: 
· Multiple charts for both genders based on age:  for boys and girls, 0-2. 0-4, 0-18
· Measurement of weight and height visible together
· Head circumference measurement also visible (triple chart) for ages 0-2
· Corrections for prematurity in 0-2 year chart
· BMI (Body mass index) chart. 
· Down syndrome chart
· Height velocity charts
· Ability for retrospective data entry for plotting of previous recordings (eg from old paper notes)
· Trend line capability
· Use of RCPCH / UK-WHO centile point standards
· Facilities for plotting the target centile and bone age
 

3. Options appraisal : 
Two options that could potentially meet the technical and organisational requirements were identified. The first was eGrowth which is currently in use in Aneurin Bevan UHB the other being a DHCW in house development of a digital growth chart to be housed within the current Welsh Clinical Portal system. 
a) eGrowth (CCube Solutions)
CCube Solutions have developed eGrowth an electronic growth chart software application for recording and graphically displaying point data for patients – height, weight, and head circumference measurements. The eGrowth application was designed and developed by CCube Solutions, in close partnership with Aneurin Bevan University Health Board (ABUHB) Child Health and Informatics department, using the CCube eForms product; eGrowth is used independently of eForms for which CCube Solutions own the rights to the underlying code. It is an independent application that can be accessed from any IT platform.  In ABUHB it is deployed and accessible from the Clinical Work Station (CWS) a form of Electronic Patient Record.
It allows the creation of an electronic growth chart for all children who are registered in ABUHB, viewable by all CWS users, and data can be added from any location in ABUHB. Data entry and modification is however only allowed by users who have received appropriate training, both in the uses of the CWS application, and the clinical skill of measurement.
The following combined charts are available to users:
· 0-2 Year chart for boys and girls displaying height, weight, head circumference
· 0-4 Year charts for boys and girls displaying height and weight
· 0-18 Year charts for boys and girls displaying height and weight 
· Charts are also available For BMI and at each age range displaying a single growth parameter. 
· Charts can be switched to a background display for Down syndrome. 

A pilot phase began at ABUHB in June 2014 and within six month paper based charts were no longer in use for new patients.  Over 67,000 children have active growth charts holding over 418,000 data points. As eGrowth became more established within the health board data points began to get collected from various locations other than by inpatient Paediatric services.

	Location
	Recordings

	Child assessment Unit (CAU)
	12,868

	Clinic (CL)
	263,005

	Dietician (DI)
	16,055

	GP (GP)
	2,691

	Health Visitor (HV)
	12,093

	School Nurse (SN)
	2,296

	Ward (WA)
	43,357

	Other
	63,019



Examples of where clinical practice has been enhanced primarily relate to the fact that all clinicians in all settings can see and use the same chart on-line, along with an improvement in plotting accuracy. (Williams, 2015)
The data collected and held in eGrowth is restricted to patients seen in the ABUHB hospitals and care centers; it does not hold data on all patients in the region or across Wales. eGrowth is currently installed on the ABUHB IT Infrastructure. It is integrated with CWS and all users access eGrowth via CWS (in patient context). All patient data points are stored in the eGrowth back-end MS SQL database provided by ABUHB. ABUHB maintain responsibility for the data security and access to the stored patient data however other agencies can request access to this data subject to ABUHB authorisation. Currently the eGrowth data at ABUHB is only accessible from a secure intranet connection with technical support for eGrowth provided by the CCube Solutions Help Desk.


Centralised Deployment of eGrowth
The underlying eGrowth data repository is based on a scalable and non-proprietary SQL database – MS SQL.  To re-deploy eGrowth on a centralised IT Infrastructure, accessible across Wales, all LHBs and care centers could see, add-to, and share growth data for children across Wales the following key requirements would be necessary:
1. Central Repository for growth data
To support a national data repository, the current eGrowth application will need a change to the software and the database structure enabling the use of a central Master Patient Index for all patients registered in Wales and to enable each local Health Board (LHB) to hold and access its own data allowing designated users to access a patient’s growth data across the LHBs and could be incorporated into the recently developed National Data Repository.
1. Administration, including read/write access
Each LHB will be able to assign read/write permissions for users within its region, to support data entry at locations other than hospitals.
1. Accessible via designated IT systems
The centralised eGrowth system could be made accessible via specified IT system(s) within each LHB, eg. CWS at ABUHB, and (potentially) via Welsh Clinical Portal (WCP). It could also be accessed via links with Primary Care Clinical IT systems.
1. Interfacing – Fast Healthcare Interoperability Resources (FHIR) Compliant
All the data currently collected is held in a back-end MS SQL database. The existing eForms APIs will require updating to support FHIR-compliant bi-directional data interfaces with any third-party IT application, for example, a third-party application will be able to issue a FHIR API to request a patient’s height/weight from eGrowth. 

Deployment Options
The possible options for a centralised deployment of eGrowth accessible by LHBs and care centers across Wales are:
a. DHCW Data Centre – eGrowth can be installed and setup on the existing DHCW IT Infrastructure.

Indicative Costs
· A one-off capital cost for carrying out all the software changes and redeploying eGrowth centrally as an online application on an existing IT Infrastructure, accessible across Wales									£42,500.00
· Recurring Cost: annual maintenance and support charge to cover 
upgrades, support, and use of licensed growth data			£27,800.00pa.
(All costs are exclusive of VAT – costing data provided by CCube accurate as of April 2022)

b. SaaS eGrowth – eGrowth hosted on a secure and managed Cloud platform as an alternative to local storage & backup solutions
· Use of accredited and Government approved UK data centres ensuring service traffic and storage remains within the UK
· Access via Distributed denial of service (DDos) protected internet

Indicative Costs
· A one-off setup cost - online application on a secure hosted and managed platform, accessible across Wales						£14,500.00
· Recurring Cost – annual maintenance and support charge to cover: IT hardware, connectivity, software, upgrades,   managed services, and use of licensed growth data									£49,800.00pa.
(All costs are exclusive of VAT- costing data provided by CCube accurate as of April 2022)

b) DHCW developed Growth Chart within Welsh Clinical Portal
The Welsh Clinical Portal (WCP) is an application that enables health professionals access to a digital patient record across hospitals and health boards in Wales. (DHCW, 2022)  It shares, delivers and displays patient information from a number of sources with a single log-on across different health care settings. A pilot feasibility exercise for a Digital Growth Chart within WCP was undertaken by DHCW in 2017. Due to a lack of clinician agreement on product requirements this programme was not developed further however the basic technical requirements for a growth chart are in place.
· 0-2 Year chart for boys and girls displaying height, weight, head circumference
· 0-4 Year charts for boys and girls displaying height and weight
· 0-18 Year charts for boys and girls displaying height and weight 
· Centile data is not currently aligned with RCPCH centile algorithmic standards.

Costing: A weakness of the WCP proposal is that it requires a significant software development programme and the necessary funds to implement this to the required standard.  Costings for this approach is not known however the basic coding is already in place following the initial 2017 pilot phase.

A key strength of the WCP proposal is that it is deployable within the current DHCW digital infrastructure thus enabling the 30,000 users across Wales that have access to Welsh Clinical Portal access to the Digital Growth Chart data. The benefit of a single sign on application which the majority of health professionals use to access medical reports should not be underestimated and once developed there would be no recurring licensing cost to DHCW. 
Figure 1: Summary SWOT analysis:
	
	eGrowth (CCube)
	WCP Growth Chart (DHCW)

	Strength
	· Operational within a LHB with proven success.
· Meets majority of technical specifications

	· Functional data storage with interoperability between health boards
· Single sign-on function
· Large portion of healthcare providers already WCP registered users


	Weaknesses
	· Currently limited to health boards; interoperability between LHB requires a central data repository / support for Saas
· Purchase and recurring licensing cost
	· Requires investment for software development (unknown amount)
· Potentially lengthy software development phase.

	Opportunities
	· Establish the use of an application using interoperable data structure in the Welsh Healthcare system
	· Development of links between clinicians and DHCW software development, increasing likelihood of further projects.

	Threats
	· Another commercial enterprise may develop a similar product at less cost.
	· Change of focus or policy may stall the project though lack of funding



Discussion
A key component to the success of a Digital Growth Chart with interoperability across health boards is the whether or not the project has the support of Digital Health Care Wales. The project aligns with DHCWs pan-Wales interoperability objectives.
Implementation strategy:
· Digital Growth Chart Working group meeting; chaired by ‘Core Paediatrician’ with DHCW Executive Medical Director for a discussion of options.
· pan-Wales support for a DHCW developed WCP Growth Chart.
· ‘Core Paediatrician’ to formally submit a request to DHCW to explore the development of a digital growth chart within WCP.
· Identification of funds from DHCW budget / funding application from DHCW to Welsh Government to support the required software development and implementation.
· Digital Growth Chart Working Group to support in the testing and development of the WCP Growth Chart using an Agile method approach and responsible to evaluate the standard and suitability of the developed product.
· Explore national interoperability developments to enable healthcare users that do not currently use WCP as their primary digital source of patient data to access the digital growth chart through their preferred application. 
The success of the project would be measured by the implementation of a functioning growth chart of sufficient standard available to all health providers that have access to Welsh Clinical Portal within the next 12-24 months (which is within lifespan of the current Healthy Weight Healthy Wales delivery plan 2022-2024).
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