The utilisation of a digital solution to reduce the environmental impact of inhalers to help reach the NHS Wales target of net-zero emissions by 2030.
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Introduction
The World is facing a global climate catastrophe, due to the accumulation of greenhouse gases increasing average global temperatures (Intergovernmental Panel on Climate Change, 2022). In 2021 NHS Wales set an ambitious target of reaching net-zero greenhouse gas emissions by 2030 in their decarbonisation strategic delivery plan (NHS Wales, 2021). The causes of greenhouse gas emissions within the NHS are complex and multi-factorial, with 25% of total emissions coming from the use of medicines, and the worst type of medicine being inhalers, which accounts to 3% of the total NHS emission profile (NHS England and NHS Improvement, 2020). 

A large proportion of the inhalers currently prescribed utilise a gas propellent which vaporises on exposure to the atmosphere, and carries the drug to its intended target in the bronchioles to treat lung conditions such as chronic obstructive pulmonary disease (Barros, Costa and Sarmento, 2021). These inhalers are called pre-metered dose inhalers (pMDIs). The gas propellent used in most cases are hydrofluorocarbons (HFCs), which replaced the use of chlorofluorocarbons (CFCs) which were phased out due to their harmful impact on the ozone layer (Lickley et al., 2020). HFCs however, have a potent greenhouse effect with over 1000 times the atmospheric warming effect of carbon dioxide (CO2) (Wilkinson and Woodcock, 2021). Inhaled medicines are vital for the treatment and long-term management of respiratory conditions (Sorino et al., 2020) and there are no alternative routes of administration for the medicines used for these conditions without risking a reduction in efficacy and significant side effects (Rogliani et al. 2019). 

Alternative inhaler devices to pMDIs, that do not utilise a propellent gas are dried powder inhalers (DPIs) and soft mist inhalers (SMIs) (Pritchard, 2020). These inhaler devices, when used correctly, offer an alternative method of delivering the same medication type, without a detrimental impact on effectiveness (Dolovich et al., 2005). As a proportion of inhalers used, the United Kingdom is among the highest users of pMDIs (70%), with other European such as Sweden using far less in comparison (10%) and much favouring DPIs (Lavorini et al., 2011). Switching inhaler devices is not necessarily appropriate in all patients, with a small proportion needing to continue using pMDIs to control their condition (Janson et al., 2020). The decision, therefore, on switching inhalers needs to be made on an individual basis in conjunction with the patient, considering factors such as severity of disease (Usmani, 2020), and power of respiratory inhalation (Pederson, 1990) (Janssens et al. 2008). A guideline endorsed jointly by the British Lung Foundation and Asthma UK provides clear guidance on the emission rate of each inhaler device and how to reduce the prescribing of inhalers that most contribute to climate change (Smith, 2021). The environmental impact of inhaled medicines is also worsened by the incorrect disposal of inhalers and the long-term over-use of “reliever” inhalers from under treatment or poor adherence with “preventer” inhalers (Wilkinson, 2021). It is recommended that using more than 2 reliever inhalers a year is a sign of undertreatment and should prompt a review of medical therapy by a healthcare professional. The NHS Wales decarbonisation strategy has set out an objective of reducing the use of pMDIs to 20% of all prescribed inhalers by 2025 (Carbon Trust, 2021). 

Involving the patient in the decision to switch inhalers does make a drastic reduction in prescribing of pMDIs more challenging, as changes cannot be made on a large scale. Instead changes need to be made on a patient-by-patient basis. Currently, there is very little information available to the public about the effect of their inhaled therapy on the climate, as this information is not included on product leaflets (GlaxoSmithKline, 2021). As part of the 2030 strategy, the delivery plan has set a goal of improving public and patient awareness of the environmental impact of inhalers (Greener Practice, 2022). This will improve understanding of the steps that the public can take to reduce the environmental impact of their inhaled therapy. 

Applying the behavioural change “capability, opportunity and motivation (COM-B)” model (Michie, Straken and West, 2011) highlights that the public likely lack the knowledge and understanding of the harmful effect of certain inhalers on the environment in order to provide the opportunity and motivation for change. Another factors for individuals is the need to get their prescription changed and the practicalities of this which lessens the opportunities for individuals to change. Therefore, the goal is to enable behaviour change by providing the knowledge and understanding of why and how individuals can reduce the environmental burden of their inhaled therapy without harming their chronic lung disease. Utilising a digital solution in order to achieve this goal would enable easily accessible but informative information to be sent to the public in a cost-effective manner.  A digital solution could provide a few additional benefits, including enabling self-assessments of inhaler use, with programmed advice depending on the results of the assessment and in addition, the communication of results to healthcare services, such as their general practitioner or registered community pharmacy. 

The aim of this paper is to appraise the utilisation of a digital solution, from here on in referred to as the “green inhaler platform”, in order to reduce the impact of green house gas emissions from inhaled therapy within Cardiff and Vale University Health Board (CAV UHB) as part of a national net-zero target. 


Methods
To understand how a digital green inhaler platform can be achieved, a list of technical and functional requirements was created to understand and articulate the necessary goal. The requirements are based on the goal of reducing the greenhouse gas emissions from pMDIs in line with NHS Wales net-zero by 2030 goal. The author has experience of inhaled medicines use as a pharmacist working within secondary care services. Information was obtained from a pharmacist working within primary care services to understand current services and requirements to obtain the climate goal from a 30minute informal discussion. Information was also obtained regarding technical capabilities and resource within CAV UHB from an informal 30minute discussion with IT project manager with secondary care. 

Literature was obtained by completing a medline search using the following medical subject headings (MeSH) terms: “administration, inhalation”, “metered dose inhaler” and “climate change”. In addition, government documents and national guidelines were obtained by conducting a search on the search engine “google”.

Requirements were created in order to describe the functional and non-functional properties and aspects of the platform. Requirements were prioritised using the MoSCoW method (Hatton, 2008), which defines different levels of prioritisation. Requirements which include “must” in the wording are essential and as a collective, describe a minimal viable product. “Should” describes a requirement which is important, but is not essential. “Could” is used for desirable requirements, that are less important and not essential. And finally, “Won’t” is used in describing a requirement which is the least necessary and is not required for this release. 

A gap analysis was conducted by first understanding the current service and situation regarding the prescribing and supply of inhaled medicines both nationally and within CAV UHB. The goal of reducing pMDI use across the health board has been set as the solution goal. Then the current state was analysed against the future goal, to highlight the required change. 

Results

Current Service
There is currently no solution or process to reduce the number of pMDIs prescribed and used by members of the public in Cardiff and Vale.  There may be individual prescribers or GP practices looking to reduce their prescribing on a patient by patient basis, but no concerted cross health-board process. 

Prescribing information for the population is currently siloed within separate GP prescribing systems, which is either “emis” or “vision” proprietary e-prescribing solutions. There is an application programming interface (API) link to send prescribing data to NHS Wales Shared Services Partnership (NHS Wales Shared Services Partnership, 2022). This data resource can provide wide-ranging data on prescribing, however the prescribing data is not bridged to patient identifiable information (Channel 3 consulting, 2021). In addition, there is also an API link to access patient’s GP prescribing information through the Welsh Clinical Portal. This link however, is set up for the purpose of obtaining a list of patent’s regularly prescribed medicines on admission to secondary or tertiary care, and is not for pooling population prescribing information. 

Currently, in order to identify members of the population who are currently prescribed pMDIs for the purposes of communication, separate searches need to be made within all GP prescribing systems (Channel 3 consulting, 2021). To prescribe alternative inhalers, it is recommended that decisions are made in consultation with patients, considering their specific clinical needs (Carbon Trust, 2021). This would be a large undertaking for GP practices. In April 2022 the Welsh Government announced a new community pharmacy contract, which provides funding for an independent prescribing service in community pharmacies (Welsh Government, 2021). In the context of trying to reduce the use of pMDIs, independent prescribing pharmacists are able to, in consultation with a patient, prescribe alternative inhaler devices with fewer greenhouse emissions.  This prescribing service however, is not yet covered by all community pharmacies, with a goal to implement within all pharmacies by 2030 in the Welsh Pharmaceutical Committee’s “pharmacy: delivering a healthier Wales” report (Welsh Pharmaceutical Committee, 2019). Therefore as part of the green inhaler platform, the user will need to be signposted to the most local pharmacy that can deliver the service.

Goal 
The goal is to create a digital platform that enables the communication and education of the public regarding the harmful effects of certain inhalers to the environment, and the potential harm prevention by facilitating inhaler device change. The digital platform will need to. Obtain information from the patient in order to provide the appropriate advice, through facilitating the user to complete self-assessment of their inhaler use and respiratory condition. Based on the information provided, the platform would then provide guidance and information on the potential environmental harm reduction of switching inhalers and how they can go about doing this. The results would also be shared, with the user’s choice, with the healthcare facility of their choice such as a local independent prescribing pharmacy service or GP practice. 

Functional requirements
· The platform should enable users to log in using their NHS log in details to confirm user identity
· The platform should have alternative secure log in methods where NHS log in is not known e.g. NHS number, date of birth and address. 
· The platform must provide an inhaler therapy self-assessment for users to fill in, with pre-defined choices as answers. 
· The platform must be able to utilise the information provided as part of the self-assessment to create an automated response to the user
· The user must be able to then pick from a number of options of next steps to take including agreeing to have information of their assessment and next steps to be sent to the healthcare service of their choice. 
· The platform should be able to pull the patients
· Users should be allowed to save results to view at a later date
· Users should be able to complete further self-assessments at later dates to track improvement
· The platform could be able to scan GS1 standard barcodes using a mobile device camera on inhaler boxes to help identify inhaler device

Non-Functional requirements
· The platform must be accessible from a webpage or from a secure mobile application
· The platform should abide by NHS Wales cyber security standards (Welsh Government, 2017)
· The platform must abide by UK GDPR 
· All data must be held in an easily accessible and fully reportable manner
· The platform should utilise dm+d coding for inhaled medicines selection including the utilisation of the different levels of specification i.e. VTM, VMP, AMP and AMPP
· The platform should utilise SNOMED-CT coding for all clinical conditions and severity terms
· The platform should utilise FHIR messaging to send the outcome of the user self-assessment either to choose pharmacy for communication with community pharmacies or to Welsh Clinical Community Gateway Service WCCGS gateway for communication to GPs. 
· The platform could ask permission to use the user’s camera on their mobile device


Gap analysis

Without requiring either a build or purchase, there is no current system in use within Cardiff and Vale that would be able to carry out the minimal requirements of the green inhaler platform. 

The technological capability of NHS Wales was given a boost due to necessity in responding to the Covid-19 pandemic (Digital Health and Care Wales, 2021). Various systems and platforms were developed and made accessible at pace in order to meet the digital connectivity and data collection demands of the health response. One such service was the Covid-19 pass, which enabled the population to log in using their NHS identifiable information and log in to a web-based platform that had their vaccine status and scannable pass. 

Another development from the pandemic is the availability of Microsoft 365 applications across NHS Wales. Microsoft forms allows for a public interface to fill in key information with power platform enabling processes and data flow to be automated according to service needs (NHS Wales, 2021). One exemplar project at Cardiff and Vale was the digitisation of pregnancy booking across the Health Board, which is now completed by expectant mothers using a Microsoft forms page, which then triggers process flow using power automate (Cardiff and Vale University Health Board, 2022). 

Although these technological improvements allow a build to cover the essential requirements it does fall short of providing the ability to achieve all of the platform’s requirements such as the ability to correctly input the inhaler details using GS1 barcode scanning and dm+d mapping or the use of interoperability standards such as SNOMED CT and FHIR messaging. 

Work is currently in progress by Digital Health for Patients and Public (DSPP) in developing an NHS Wales application with a similar remit to that developed in England (Digital Health and Care Wales, 2021). Part of the remit of the application is providing information to the public about their health and allowing them to input and contribute to their health and health record (Digital Health and Care Wales, 2021). For this reason, the green inhaler platform fits nicely within the NHS Wales application remit. Another aspect to the application is that information regarding the user’s medicines will be utilised, allowing the correct and accurate identification of the user’s inhaler device (e-medicines review). As part of a DHCW programme, the application platform will also be required to use interoperability standards such as dm+d, SNOMED-CT and FHIR messaging as set out in the NHS Wales architecture review (Channel 3, 2018). Having the green inhaler platform as part of the wider NHS Wales application, will provide benefits in being easily accessible in one place, therefore being more user acceptable. It would also provide opportunities to link the user to other resources such as a resource to help counsel and educate the public on how to use their inhaler correctly, as a significant proportion of those using inhalers do so incorrectly (Cho-Reyes et al. 2019). 

Options appraisal

Option 1 – Continue without a green inhaler platform 
Continue without a platform a green inhaler platform and seek other more traditional ways of reviewing inhalers within individual GP practices. Without communicating and educating the public regarding the global warming effect of inhalers, the NHS Wales goal of achieving net-zero emissions by 2030 will become more difficult to achieve. 

Option 2 – Build minimal viable product
Utilise Microsoft 365 platform applications in order to create the minimal viable product. Public users will fill in a Microsoft form self-assessment, with structured answers to choose from. Power automate flow will utilise form answers to automate a response to users by sending an e-mail to the address input on the form. E-mail will contain information and guidance on next steps and how to access the healthcare services required in order to reduce their inhaler emissions. Healthcare professionals can similarly be communicated to using the same automation process, based on the information provided by the user. Data flow can be created to hold data within a sharepoint list which can be easily accessed with control setting and fully reported on. Automation process will likely be complex and require significant build time and testing. The ease and low-code design of Microsoft 365 application (Johnson, 2021) will allow build to take in-house and could potentially be utilised as a proof of concept for further and wider development or investment. 

Option 3 – Build alongside DSPP and NDR medicines repository
Utilise the capability, progress and resource currently in place within the DSPP and DHCW organisations in making a case to build the green inhaler platform into the NHS Wales application. Has the potential to all requirements to be achieved and being a part of the much wider national application will help uptake and user acceptability. Build will require funding for resource and will most likely take longer to achieve. This option, through alignment with national technical architecture (Channel 3, 2019), standards and road map, will ensure its longevity to continue until at least the 2030 goal. 

Discussion
The mandate to reduce the use of pMDI inhalers with harmful greenhouse gas propellants has been set by the NHS Wales climate change strategy and delivery plan (Carbon Trust, 2021). The strategy also recommends decisions on changing or de-prescribing  pMDI inhalers should be made with patients on an individual basis. Given the clear national recommendations and the potential benefit to the environment it is clear that option 1 of not implementing a digital solution is least preferable. 

Option 2 provides a solution which can meet all of the essential requirements using readily available digital software without incurring extra cost, utilising Microsoft 365. Within CAV UHB, Microsoft 365 application is covered by DPIA allowing all solutions to be used with sensitive and patient identifiable information. One of the key benefits to option 2 is that it can be built on a small scale in CAV UHB. Impact on pMDI prescribing can be measured using the All Wales Therapeutics and Toxicology Centre (AWTTC) inhaler carbon footprint reports (All Wales Therapeutics and Toxicology Centre, 2022) and local GP prescribing data (NHS Wales Shared Services Partnership, 2022). User acceptability can be measured via a survey sent as part of the survey response. 

[bookmark: _GoBack]Although option 3 may be able to produce an improved to option 2 product that covers more of the system requirements, it will likely to take more time to build and dedicated cost for resource. If successful, building option 2 as a proof of concept within CAV UHB would provide the evidence and business case to invest in option 3 as a national solution. 

Conclusion
In order to help deliver the key NHS Wales strategic goal of reaching net-zero greenhouse gas emissions by 2030, there needs to be a concerted effort to reduce the use of harmful pMDI devices nationally. The public need to be involved in the decisions made about theirThis report recommends the creation of a green inhaler platform within CAV UHB using readily available software as a proof of concept. If successful, a business case will be created to propose the creation of the green inhaler platform as part of wider DSPP and Welsh medicines Repository DHCW national programmes. 
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