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1. Introduction.

Aneurin Bevan University Health Board (ABUHB) is a National Health Service (NHS) organization, which is paid for by the British government and funded by taxpayers.  Seven hundred members of staff are employed within ABUHB’s maternity services, which cover a vast geographical area, starting from the Welsh English borders in Monmouthshire, encompassing Abergavenny, Newport, Torfaen, Caerphilly, and Blaenau Gwent. 

During 2021, a total of 28, 879 live births were recorded within Wales, by the National Community Child Health Database across seven health boards, of which approximately six thousand babies were born in ABUHB (Welsh Government, 2021a). 

The health board offers both obstetric-led care (OLC) and midwifery-led care (MLC), in a variety of settings, providing service users with an option to either have their baby in one of
the four standalone birth centres, the obstetric-led unit or in the alongside birth centre, which is based within the main hospital, the Grange University Hospital (GUH). GUH is located in Torfaen and provides 24-hour emergency services. Service users who opt to have a home birth, are supported by the community midwives to do so, who also provide a 24-hour on-call service. 

During pregnancy routine antenatal care is provided by community midwives based within primary care settings. Service users who require obstetric advice, access these services through antenatal clinics based at four community hospitals: Nevill Hall Hospital (NHH), Royal Gwent Hospital (RGH), Ysbyty Aneurin Bevan (YAB), and Ysbyty Ystrad Fawr (YYF). 

Upon booking with the maternity service, community midwives complete a paper hand-held maternity record (PHR) at the service user’s home. At the end of the appointment, the midwife will either post or travel to the nearest antenatal clinic to submit the PHR, to ensure that these are available to staff, for the first-trimester scan, which is scheduled between 11 weeks and 14 weeks of pregnancy (Antenatal Screening Wales, 2022). 

Upon completion of the first scan, service users are provided with their PHR and are reminded of the importance to attend their appointments with their records, so that all information is readily available to the clinicians. 

Following the birth of their baby/ babies, the PHRs are retained by the hospital and paper postnatal records are issued, which are taken home for the community midwife to complete. Upon discharge from the hospital, midwives complete an electronic discharge summary, however, the information is printed and placed within the postnatal records, as this is required to officially register the baby’s birth and obtain a birth certificate.  

Service users are discharged from maternity services at approximately 14 days postnatal, where care is handed over to the health visitor. The postnatal records are retained by the midwife at the last appointment so that they can be repatriated with the PHR. These are then electronically uploaded to the main medical record, contained within the Clinical Workstation (CWS), ABUHB’s core electronic system for patient radiology, pathology, surgical and other reporting activities. 

1.1 Business problem:
Several key risks arise from a shared PHR and partial use of digital systems. There is an inability to provide continuous and accessible information throughout the maternity care pathway.

Service users who attend appointments without their PHR or who are unfortunate enough to lose their records, are at risk of wrong decision-making due to information being unknown, inaccurate, or missed by clinicians across a variety of care settings, which has an associated financial cost and reputational damage to the organization. 

The above risk was realized over the course of the Coronavirus (Covid-19) pandemic when the pregnant population were advised to shield themselves, and routine hospital appointments were suspended. The Royal College of Obstetrics and Gynaecologists (RCOG) advised maternity units to conduct appointments remotely via teleconferencing and videoconferencing, to minimize the risk of spreading Covid-19 infection. 

Throughout the pandemic staff within ABUHB did their best to mitigate this risk by scanning care documents into CWS, however, this did not eradicate the risk as the inability to provide a continuum of information remained.  

Not having a single source of truth for pregnancy information causes difficulties in data collection and analysis for local and national reporting. Currently, data extraction from the maternity record is a manual process, which is time-consuming and results in unreliable data, thus impacting national reporting and a poor comparison of ABUHB performance against national maternity performance indicators (MPI). 

A digital maternity record would eradicate the current business problem, by allowing service users and health professionals to simultaneously access a maternity record with the confidence that it is a single source of truth, with seamless information sharing and the ability to make timely referrals, allowing more time for midwives and obstetricians to provide one to one care. 

Creating a digital maternity record for service users within ABUHB would be the first of its kind in Wales. If there are demonstrable benefits such as mitigating the current organisational and patient safety risks associated with having dual running of PHRs and partial use of digital systems, ABUHB could be a pilot site of an All-Wales digital maternity system. 

2. Justification:
A digital maternity system will be developed to support local and national guidelines and current working practices within ABUHB, eradicating the need for paper-based documentation. Instead of service users carrying their pregnancy notes, these will be accessible via their mobile devices, by downloading the relevant application. This will give service users full access to their records and the ability to share their pregnancy information when needed, which would be invaluable during out-of-area emergency hospital attendances. 

The maternity system will be interoperable with current local and national system architecture, to ensure seamless sharing of information between professionals, not only in primary and secondary care settings but include information sharing outside the organisation, thus improving communication, and reducing referral waiting times. 

These changes are important within maternity services, universal change is needed now more than ever. It is well recognised that person-centred and high-quality care throughout pregnancy and during the early days of childhood, creates the foundations for good health and has a positive impact on children’s development (Welsh Government, 2019).  

Unfortunately, the findings of the Cwm Taf maternity report identified serious patient safety concerns whereby malfunctions in the maternity service failed to ensure safety and a sustainable quality of service (Evans et al, 2019). Sadly, these failures are not unique to Cwm Taf and have been highlighted within the Ockendon review (2022), an investigation into maternity services at Shrewsbury and Telford hospital. 

Emerging themes from both investigations, identify an urgent need for change within maternity services. Even now NHS maternity services are still failing to adequately address and learn lessons from serious maternity events as demonstrated, by The-All Party Parliamentary Group (APPG) 2022 report, on baby loss and maternity which iterates the need for urgent national improvement. The common themes are:

· Poor communication and lack of engagement with service users,
· Failure to learn from patient safety incidents, 
· Poor multidisciplinary team (MDT) working relationships, 
· Inaccurate reporting of outcomes with underreporting of serious incidents impacting national data,
· Lack of awareness, accessibility, and failure to follow guidelines, protocols, triggers, and escalation standards resulting in delayed care and poor outcomes. 
· A significant shortfall in staffing resources and insufficient safety training. 

The Welsh government’s strategy in response to Cwm Taf and the Ockendon report is to improve maternity services over the next five years by ensuring services are effective, family-centred, run by skilled multi-professional teams and can provide continuity of care (Gething, 2019). 

The digitalisation of the maternity record would improve data quality and analysis thus, improving the quality of care, learning, and productivity by making it easier for data to be collected and shared between organizations and service users (National Maternity Review, 2016). 

A consistent statistical approach to reporting will ensure that national reporting to measure the health boards' performance against national MPIs is accurate and supportive of the Welsh Government's Quality and Safety Framework (2021b), by identifying key clinical priorities and driving organisational improvements. 

In addition, it will tailor the support that is to be offered by the Maternity and Neonatal Safety Programme, a Welsh Government-led Programme, initiated in January 2022 (Morgan, 2022). The Programme is to improve the safety, experience, and outcomes for women and their babies and provide support to organisations to deliver high-quality healthcare within Wales. Therefore, it is crucial that a consistent statistical approach within maternity is achieved, to make sure that the data truly reflects what is needed, so that Welsh government support will be specific, meaningful, and have an immediate impact on maternity services within ABUHB. 

3. Aim:
To implement a digital maternity system within Aneurin Bevan University Health Board.

4. Objectives:  
1. Develop a digital maternity system (minimum viable product) for ABUHB by December 2023.
2. Procure IT Hardware, including mobile devices by January 2024.
3. Digital maternity system interoperable with local and national system architecture to be completed and assured by June 2024.
4. Completion of user acceptance testing (UAT) by the end of September 2024.
5. Staff training completed by November 2024. 
6. Adoption of digital maternity system in December 2024. 
 
5. Literature review:
5.1 Search strategy.
The first systematic search for literature was conducted using the University of Wales Trinity Saint David (UWTSD) online library. 

To keep the aim focused and key orientated, the keywords used were based on the business problem, and a Boolean operator was used with ‘paper maternity records’ or ‘maternity handheld record’  yielding 423 results.  The search was restricted from 01 January 2012 to November 2022 and limited to English language resources,  the results were reduced to 222 records, which were screened on title and abstract. 

To be included in the review the article had to demonstrate how the implementation and adoption of an information system solved business problems within maternity, the rest were excluded from the review, and this yielded 15 results after duplicates were excluded.  A further 27 articles were recognised through themes identified within the literature, were deemed relevant for discussion, and were therefore included, yielding a total of 42 articles. 

A second search was conducted using the keywords ‘digital maternity record’ in the UWTSD online library, which originally yielded 88 results. However, this was reduced to 59 results when the same search restrictions were applied.  The literature was screened on title and abstract, and no further literature was found, other than what had already been identified during the first search. 

5.2 Emerging themes:
It is recognised that collaborative care in maternity is pertinent to ensure that a woman’s care can be coordinated between health professionals (Hawley et al, 2017). Although digitalised records are well-suited, the use of paper maternity records persists, which historically, provided an effective way of communication between health professionals in various care settings with the advantage of improved safety and the avoidance of repeated investigations (Hawley et al, 2017). However, as a woman’s pregnancy progresses, PHR becomes bulky, illegible, and inconvenient if lost (Hawley et al, 2014). 

Studies have found that digitalised records offer advantages over paper-based records with improvements in efficiency, retrieval and viewing of patient information, which enhances patient safety (Greenhalgh and Keen, 2013 and Tavakoli et al, 2013). Paperless records allow enhanced integration of care, allow women access to their health information, permit control of their personal information, and actively participate in their health and well-being (Dornan et al, 2019). 

The National Maternity Review (2015), reviewed maternity services across England, to make assessments on the provision of care and consider how services should develop to meet the changing requirements of the service (NHS England, 2021). Giving women access to their pregnancy information enables them to make fully informed decisions, and personalise their own care that is centred on their family’s needs (NHS England, 2021). Better Births (2016) sets out a clear vision for maternity services to improve safety and professionalism.

Following an independent investigation into maternity and neonatal services at Morecambe Bay in 2015, the NHS and partners came together through the Maternity Transformation Programme (MTP), which recognises that digital tools can transform maternity services  (NHS England, 2021).  The MTP seeks to achieve the vision of Better Births, by organising, leading, and delivering work across ten workstreams, one being Harnessing Digital Technology (NHS, England, 2021). 

Whilst these key putative benefits are known, interoperability of digital records remains elusive, with the exchange of data not being any easier than how it was 10 years ago, due to the slow adoption of national data standards (Hochman et al, 2019). 
 
However, following the Better Births report (2016), it was recommended that nationally agreed datasets should be developed so that maternity units can benchmark and improve their quality of services. In response to this recommendation, NHS England in partnership with NHS Digital produced a National Maternity Services Dashboard, derived from Maternity datasets, which are submitted and analysed by NHS Digital every month (NHS Digital, 2022a). 
Although the implementation of digital health records has significantly increased in recent years (Dornan et al, 2019), it has been recognised that digital technology needs to be used more effectively as an enabler (National Maternity Review, 2016). Maternity has been identified as an ideal setting in which to introduce a digital record, as it will facilitate information sharing between women, GP, and hospitals (Hawley et al, 2016). 

However, a review of the literature has identified that there are impediments to accessing digital records within primary care, with GPs reporting that due to multi-layered login processes and connectivity issues, they would still choose to use a PHR over a digital record (Hawley, 2017). 

In stark contrast, overall women are eager to access their pregnancy information electronically and perceive the digital record as the main type of record for the future, with very few concerns regarding cyber security and the subsequent risk of inappropriate viewing of their pregnancy information  (Hawley et al, 2016). 

Despite the evidence to support the shift to information technology within maternity and the evidence to support that electronic recording of health information contributes to improvements in care, a named project methodology used for the implementation of perinatal records was not identified within this literature review (Leante-Castellanos et al, 2022).   

Although, the difficulties encountered during the implementation of digital records are well documented within the literature, with barriers such as poor training, ineffective work processes, technical challenges, and lack of organisational leadership, all contributing to the lack of use of digitalised records (Graetz et al, 2014). 

Despite a named project methodology not being identified within this literature review, much of the literature describes an agile framework within their processes, supporting the adoption of a user-centred methodology, such as participatory design (PD) (Bove et al, 2021). PD includes clinicians in the discovery and design phase of the project to capture clinical requirements and workflows, which is an iterative process (Bove et al, 2021).
The recent implementation of a digital perinatal record in Murcia focused on a two-stage implementation process and evidenced that implementation of a digital record is possible if appropriate interventions are carried out to introduce the new tool into hospitals (Leante-Castellanos et al, 2022).  Having a two-stage implementation process allows staff to become familiar with the digital record through training, whilst encouraging changes in working protocols (Leante-Castellanos et al, 2022).  
During the first phase of training and implementation, feedback from users is gathered to discuss and improve the digital record from problems encountered, before moving into the second stage of implementation, model stabilisation (Leante-Castellanos et al, 2022).  During model stabilisation, technical issues are fixed and changes are implemented into the new version of the digital record, which are based on the multidisciplinary agreement of users (Leante-Castellanos et al, 2022).  
Following the adoption of the perinatal record in Murcia’s hospitals, information is now more accessible, with added safety mechanisms to prevent mistakes through algorithms that alert clinicians in situations of risks, thereby improving patient safety (Leante-Castellanos et al, 2022).  
The digital record has also decreased clinical variability, promoting more equitable and coordinated healthcare across different healthcare areas, with the ability to closely monitor clinical practices at each hospital, such as skin-to-skin contact and breastfeeding rates upon discharge, providing opportunities for improvement in practices (Leante-Castellanos et al, 2022).  
A similar approach was adopted in an NHS teaching hospital in the North of England in 2014, whereby the new digital record was introduced in a phased manner (Scantlebury et al, 2017). Scantlebury et al (2017) reported similar improvements post-implementation of the digital maternity record; improved accessibility, availability, and legibility of records, improved efficiency in communication with other healthcare organisations, and the ability to contribute to research. 
Leante-Castellanos et al project in particular, highlighted the importance of a collaborative and inclusive approach with healthcare professionals, as it was recognised that some of the most innovative developments of the project had come from the contributions of health professionals.  
Many implementation projects have supported the use of a pilot project, which is used as an extension of the design phase, to collect information on the usability and usefulness of the application to inform further developments and update the system based on day-to-day work experience, rather than relying on a conceptual version of the solution (Shiferaw et al, 2018). This allows time to identify features that are used, when and why, to refine and amplify the design, which can only be reliably measured when validated in practice (Bove et al, 2021). 
Despite Karsh et al recommendations in 2010, to substantially increase the involvement of clinicians in the design and implementation of Health Information Technology (HIT), to ensure its safety and achieve more effective and efficient healthcare, there is recent evidence to suggest that badly designed and unsafe HITs are continuing to be developed and deployed, with minimal user engagement, which is resulting in increased clinician dissatisfaction (Koppel, 2018).
Poorly designed HIT has been associated with clinician burnout, due to impaired working practices resulting in the inefficiency of front-line clinicians and consequently diminished quality in care and safety, dissatisfied patients, and poor organisational outcomes (Cohen et al, 2018). Thus, further reiterating the importance of a user-centred methodology in project design and implementation 
6. Methods 
Based on the description within the literature, a user-centred project management methodology shall be used for this project, which incorporates an agile framework. The maternity system will require the design to suit the needs of a large scope of clinicians, therefore the full list of requirements may be difficult to scope from the start and may be subject to change as the project develops. 
There are tremendous differences in the needs of different clinical roles (midwives vs obstetricians) in different clinical environments (acute vs community), therefore it is important that the maternity system supports the needs of service users and different users and the team as a whole, thus clinicians will require continual input to inform the fundamental design of the system (Karsh et al, 2010).  
In view of the above requirements, a Waterfall project management methodology would be unsuitable (Nazir, Zafar, and Abbas, 2017). A Waterfall methodology is a traditional sequential method that follows a linear process that does not accommodate change and comprises static phases, with extensive upfront documentation to detail user requirements before development work can commence (Alexander, 2021 and Cooke, 2016). However, the advantage of using a Waterfall methodology, is that it provides a clear structure, which keeps the focus on the end goal at all times, preventing scope slippage (Alexandra, 2021) 
Contrastingly, agile methodologies give flexibility for iterations to be made as the project advances, with a human-centred co-design process to inform iterative changes that ensure the solution supports clinical requirements and workflows, which are delivered faster with fewer bugs (Rasnacis and Berzisa, 2017). This process enables better risk analysis and management, with regular communication, resulting in improved product quality with less over costs (Rasnacis and Berzisa, 2017). 
To support the above principles, the project management methodology chosen for this project is the Dynamic Systems Development Method (DSDM), which focuses on frequent delivery and user involvement to achieve strategic goals, whilst retaining project-focused principles (Nazir, Zafar, and Abbas, 2017). DSDM has a broader focus than most other agile methodologies in that it manages projects rather than just software development and delivery (Craddock et al, 2014, pp.15).
DSDM is structured around eight key principles: 
	Key Principles

	1)Focus on the business need: work towards achieving projects that align with greater business objectives.

	2)Deliver on time: to reap the benefits early.

	3)Collaborate: with all relevant parties for feedback and make decisions 

	4)Maintain high quality: clear standards before beginning work and regular review throughout the process to ensure standards are maintained.

	5)Build incrementally from firm foundations: produce the right amount of work at the right time to align with plans.

	6)Develop iteratively: implement feedback promptly and adapt to changes.

	7)Communicate continuously and clearly: use a variety of tools to provide written, verbal and visual updates to team members and interested parties.

	8)Demonstrate control: project manager practices transparency by communicating progress, updates, and goals to all team members.


  (Indeed editorial team, 2021)
To achieve these key principles, DSDM consists of 7 phases; pre-project, feasibility study, business study, functional model iteration, design & build iteration, implementation and post-project (Nazir, Zafar, and Abbas, 2017). 
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(Craddock et al, 2014, p.36 fig. 6a).
Compliance of Key principle 1:  To ensure that the business need is focused, the foundations for the project will be agreed upon early, so that the organisation understands the scope and fundamental principles before the development phase starts, this will be achieved by establishing a valid business case (Craddock et al, 2014, pp.13). 
Compliance of Key principles 2 & 8:  To meet the project deadline and demonstrate control of the project at all times, work will be timeboxed and a MoSCoW (must have, should have, could have, won’t have this time) prioritisation technique shall be used to focus priorities and make project plans and progress visible to all (Craddock et al, 2014).
Compliance with Key principle 3:  To ensure collaboration, a multidisciplinary team of clinicians will be involved during the requirement gathering and throughout the design phase of the project, to test and validate the design early, to ensure it meets the needs of end users, whilst also providing benefits later on during the implementation of the digital record, by having a people-centred implementation strategy to manage change (Soegaard Ballester et al, 2021 and Shonhe and Grande, 2019).  
HIT works best and at its safest when it is customized to local workflows and multidimensional evaluation to provide ongoing feedback (Karsh et al, 2010 and Sligo et al, 2017). Validation of HIT cannot be achieved by asking clinicians if they like the design, it has to be validated through experimental testing of the design (Karsh et al, 2010). 
Compliance with Key principles 4, 5, 6 & 7:  This will be achieved through a prototype and presented to clinicians, feedback will influence software design which shall be adjusted iteratively, ensuring that quality is not compromised and the build is made incrementally from firm foundations (Craddock et al, 2014, pp.24). Once a high level of intuitiveness is achieved for the foundations of the application, the design and build phase will commence, whereby the prototype will be refined to optimize efficiency (Soegaard Ballester et al, 2021).  Communication will be continuous and clear with regular demonstrations of the evolving solution to aim for honesty and transparency to manage the expectations of stakeholders (Craddock et al, 2014). 
Once the design and build phase is complete, a clinically suitable MVP will be tested and implemented with various groups of clinicians, upon completion of training (Nazir, Zafar, and Abbas, 2017). Training will be supported by members of staff who volunteer to become digital champions, these will become super-users of the maternity record. Training provided by peers generates commitment and increases the likelihood of acceptance to change (Boonstra, Verslui,s and Vos 2014). To ensure the successful implementation of the digital record, virtual and on-site training shall be provided with ongoing onsite support until the program is in a stable state (Bove et al, 2021). 
User feedback will continue during and post-implementation to maximize the ability to gather user feedback to guide feature enhancements, whilst reaping the benefits of having a digital maternity record (Soegaard Ballester et al, 2021).  
The literature supports the use of the Theory of Change (ToC) model, to evaluate the project outputs and subsequent generated outcomes and impacts (Ebenso et al, 2021). To achieve this, findings of analysis from focus groups and in-depth interviews with stakeholders to understand the impact the project has had on outcomes is an evaluation method used in many projects (Ebenso et al, 2021).  
To elicit further feedback on the experience of using the digital maternity record, both clinicians and service users will also be invited to take part in an online survey to assess the usability of the application and identify themes from feedback for favourable and unfavourable changes to workflow, practices and experiences (Bove et al, 2021). There will be incremental opportunities for face-to-face meetings with representatives of different professional groups, to discuss problems or issues identified in practice and areas for improvement (Leante-Castellanos et al, 2022).  
Initial benchmarking will be conducted by the reporting and monitoring team to periodically evaluate the outcomes of the project, and make comparisons between digital and historic analogue data (Leante-Castellanos et al, 2022). Comparisons between reported clinical outcomes and the completeness of records will be made. Benchmarking of digital data will continue at intervals agreed upon by the Welsh Government to continue monitoring the quality of data produced and to check ABUHB’s performance against national MPIs to identify areas for service improvement. 
7. Discussion 
It is expected that the digital record will eventually improve data quality and analysis thus, improving the quality of care, learning, and productivity by making it easier for data to be collected and shared between organizations and service users (National Maternity Review, 2016). The digital maternity record will offer quick insights into useful data at the individual patient level and for patient groups (Luz et al, 2019).  Particularly eliminating numerous redundant processes associated with time-intensive and onerous tasks (Jena, Rudramuniyaiah and Shah, 2020).  Software applications that can analyse big datasets can provide dashboards, which have been shown to improve patient efficiency and quality of care (Staib et al, 2017). Feedback from big data analysis also helps physicians better understand their patient population (Luz et al, 2019).   

In 2014 a comparative cohort design study was undertaken by Hawley et al, to identify differences in data completeness between PHR and electronic records, the first study of comparison report in a maternity shared care setting.  Following the implementation of the electronic maternity record, Hawley et al identified consequential improvements in data completeness when captured using a digital record, with data more readily available to clinical staff and the retrieval of data from the digital records was easier than from the PHR. Although it was recognised that the study contributed to an under-researched area of reviewing data quality collected in patient records at that time, it was the first step in identifying how the recording of complete, relevant, and up-to-date antenatal information can be improved and shared between health care professionals in maternity (Hawley et al, 2014). 

However, there is literature to evidence that the reliability and accuracy of digital data is problematic, due to poor usability of a system, which predisposes to improper and incorrect use, resulting in only critical data being recorded, but not necessarily with full accuracy (Cohen et al, 2018).  With this in mind, regular feedback from users in conjunction with benchmarking assessments will be essential to ensure that the digital maternity record is intuitive and aligns with working practices, to avoid the digital record being haphazard and the users having to come up with workarounds to ensure that the care that they provide to service users remains safe and efficient (Cohen et al, 2018). 

Campanella et al’s (2015) systematic review of the impact of electronic records on healthcare, highlighted that properly implemented digital solutions can improve the quality of care, increasing time efficiency and guideline adherence. Dornan et al 2019, identified that paperless records can transform working practices and improve public health surveillance, with financial benefits for an organisation identified by Highfill’s meta-analysis in 2020. The financial benefits for an organisation were further highlighted by de Battlle et al (2021), which identified that mobile health-enabled integrated care models, harness the ability to reduce unplanned contact with the health system, thus reducing associated health costs (de Batlle et al, 2021). Based on the evidence it is envisaged that following the adoption of the digital maternity record within ABUHB,  financial expenditure will reduce over time. 
Digitalising the maternity record will offer further opportunities to influence wider system improvements,  through the ability to measure patient-reported outcomes (PROM) and patient-reported experience measures (PREM) for pregnancy and childbirth, through digitalised questionnaires (Depla et al, 2022). Outcomes for pregnancy and childbirth (PCB set) is a useful tool that provides an opportunity to improve and personalise perinatal care, thereby advancing the transformation of maternity services towards patient-centred, value-based health care for pregnancy and childbirth (Depla et al, 2022).
Electronic patient-reported outcome measures (EPROMs) encourage shared decision-making between patients and professionals (British Society for Rheumatology, 2021). EPROMs are vital to help improve care and monitor patients’ progress before and after surgery and provide an indication of the quality of care delivered to NHS patients (NHS, Digital, 2022b). 
Projects involving the implementation of PCB set across the Netherlands, conducted by Depla et al (2022), were able to demonstrate patient satisfaction in each PROM and PREM domain for pregnancy and childbirth, with the ability to identify areas of high alert and subsequently reveal opportunities to focus service improvements on areas that matter most to women (Depla et al, 2022).  
A possible future extension of the digitalised maternity record is the ability to develop decision support tools within the record, to alert clinicians that the woman or baby might benefit from a change in or to commence a certain treatment (Eckman et al, 2022).
Increasing amounts of available data within healthcare provide the opportunity for machine learning, which yields significant benefits as prediction tools, which can assist with clinical counselling and form an integral part of the clinical decision-making process of obstetricians and midwives (Fergus, Selvaraj and Chalmers, 2018). Some studies have used prediction models within maternity care decision support systems, which use antenatal symptoms, to predict the mode of birth using machine learning (Ullah et al, 2021).  Ullah et al (2021), identified that enriching existing data sets improves accuracies of the prediction process, thereby supporting practitioners within maternity to make informed decisions. 
Data extracted from electronic predictive models are contributing to areas of research within maternity (Carter et al, 2018).  Bespoke internet-based databases have been developed, for women who have been identified as at risk of preterm birth through predictive models (Carter et al, 2018).  Monitoring and preventative strategies vary around the UK for women at risk of preterm birth, however, it is becoming increasingly recognised that if large-scale experience and knowledge are captured, it can be utilized as a valuable source of evidence for others to innovate new ideas (Carter et al, 2018). Subsequently, ABUHB could register as a data collection centre, contributing to future research, in view of the use of standard datasets within the digitalised record. 
A further anticipated benefit of the digitalised maternity record is that it will provide an opportunity for women to access credible health applications to improve their health during pregnancy. Sandborg et al’s (2021) randomized controlled trial (RCT) demonstrated that a smartphone application used to promote healthy weight gain, diet, and physical activity during pregnancy,  prevented women who were already overweight, from gaining excessive weight, encouraging healthier eating habits. 
Excessive gestational weight gain is a major public health concern and is associated with an increased risk of caesarean birth, pre-eclampsia, gestational diabetes, and obesity (Goldstein et al, 2017).  Complications can also arise in women who gain less weight than that recommended, which is associated with low birth weight and preterm birth (Han et al 2011).  Therefore the digitalised maternity record has the potential to make public health improvements in the population of ABUHB. 
A further possible extension to the digital maternity record could be the ability for women to book their antenatal appointments within secondary care, as there is evidence to support that patients who have access to web-based medical appointment systems and can choose the date and time of their appointment convenient for them, improves appointment attendance (Kevat et al, 2019).  
8. Conclusion:
Reflecting on the comprehensive literature surrounding the benefits of a digitalised maternity system, it is apparent that digital records are a key enabler to improving communication and collaboration across maternity, offering advantages over PHR with better retrieval and viewing of patient information (Greenhalgh and Keen, 2013). Having the ability to store patient information all in one place has its benefits in emergencies, thus improving patient safety (Scantlebury et al, 2017). 
However, complexities around the implementation of the digital record should not be underestimated, with the literature favouring the use of a staggered implementation process to ensure that clinicians feel well supported (Leante-Castellanos et al, 2022). Despite the urgency expressed by government and national initiatives to digitalise the maternity record, it is imperative that a thorough implementation strategy for ABUHB is formulated, to avoid clinician burnout and subsequent diminished care quality and safety within ABUHB maternity services.
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