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Technological intervention to improve medication administration system within a care home: A systematic review 

Domain 

Setting
Severn View is a care home that provides 24-hour care for people living with advanced dementia. It has 32 residents and 70 staff which includes a residential lead, senior care workers, care workers, domestics, and support staff. All care workers are assigned to a shift which are morning (7am to 2pm); afternoon (2pm – 10pm) and evening (10:00pm to 07:00am) and they work to a rota. The care home has two floors and is separated into four units. Each unit has 8 bedrooms and a shared lounge and kitchen area. There are a minimum of 8 care workers and 1 senior care worker per shift with 2 care workers allocated to each unit.

The care home is currently using a paper-based medication system, which is a complex and time-consuming activity. On average, a resident usually receives four different types of medication up to four times a day and this involves five hundred medication administration per day. Each resident has a paper medication administration record (MAR) chart on their file, and these MAR charts must be signed by the care worker each time their medication have been administered. The reordering of medication is done through the My Health On-Line Wales. The counting and booking in of medication delivered to the care home are done manually by the senior care workers. Based on quantitative data collected it is evident that the number of medication errors within the care home are increasing. 

Scope
To carry out a systematic review and to identify interventions for improving the medication administration system for the care home. 

Background
“237 million medication errors occur at some point in the medication process in England annually” (Elliott et al., 2021). Medication error is “any preventable event that may cause or lead to inappropriate medication use or patient harm while the medication is in the control of the healthcare professional, patient, or consumer” (National Coordinating Council for Medication Error Reporting and Prevention). 

Medication errors can either be classified as a ‘minor error’ where there is no harm to a patient as a result or classified as a ‘major error’ where there is either serious harm or patient death and it has an impact on the healthcare cost. It was estimated that preventable harm from medication errors could cost over £750 million (National Patient Safety Agency, 2007). As a result of this the World Health Organisation (WHO) published the Medication Without Harm documentation and as part of it third Global Patient Safety Challenge the goal is to “reduce the level of severe, avoidable harm related to medications by 50% over 5 years, globally” (World Health Organisation, 2017). WHO has stated that a weak medication system or human factors such as fatigue, staff shortages or poor working environment results in medication errors that could leads to harm, disability or even death. 

The medication management activity includes prescribing; dispensing; administering and monitoring. Within the care home medication can only be administered either by the senior care worker or the care worker who has completed the mandatory medication training. 

There are several factors that causes medication errors during the administering stage including: reliance on care workers’ memory; care workers having to be extra vigilant; care workers lack of knowledge and not having access to information in timely manner and poor communication. (Barker & Allan, 1995). The administering process “is often viewed as routine and basic” and “reflect a complex interaction of a large number of specific decisions and actions often performed under less-than-ideal-conditions” (Vogelsmeier, Scott-Cawiezell and Zellmer, 2007). 

A study was carried out to understand the barriers to safe medication administration in a nursing home. It transpired that most of the noises were echoed from those who were directly involved in administering of medication. They felt frustrated and faced with an impossible task to achieve due to the medication was a scheduled task and the changes made to MAR charts were unclear. The administrators were expected to work in an environment whereby they were interrupted or distracted. (Vogelsmeier, Scott-Cawiezell and Zellmer, 2007). 

A study was carried out on medication errors using the man-technology-organisation theory. The cause of medication errors was related to human factors including care workers lack of knowledge and skills, their uncooperative behaviour and poor communication (man). An incomprehensible prescription documents and exchange of pharmaceutical drugs caused medication errors (technology). Lack of instructions; deprived working conditions and underreported incidents caused medication errors (organisational). It is difficult to maintain a safe medication process due to lack of staff time and a proper delegation procedure. Staff were careless and their awareness of the risks associated with medication administering were forgotten or low. The greatest challenge is recruiting and retaining people with the right skills and knowledge to provide care for elderly (Bengtsson, Ekedahal, and Sjostrom, 2021)

Dementia is a rapid growing health problem, and 50 million people are living with dementia worldwide. According to WHO it is estimated that 82 million people will have dementia by 2030 and this could increase to 152 million by 2050 (World Health Organisation, 2019). The role of the care worker is not just only to support the residents with their medication. Their role is quite diverse and could also include but not limited to building person-centred relationship; producing person support plans; updating daily case notes; providing personal care; taking residents for their medical or hospital appointments; engaging with residents' families; encouraging residents to engage in occupation and activities. The role of the care worker is a challenging one as residents with advanced dementia could display challenging or unwanted behaviour due to an unmet need. In these situations, the care worker would have to consider a suitable strategy to response to these behaviours which could be distraction or diversion.

Research has shown that a medication error is most likely to happen when a carer is either interrupted or distracted whilst administering medication (Mayo & Duncan, 2004). Studies have shown that interruptions are most likely to cause harm to the person receiving the medication when they are diverted from focusing on the medication activity which increase the probability of medication error to happen whilst decreasing the workflow and efficiency (Palese, Sartor, & Costaperaria, et al, 2009) Interruptions can have an impact on the cognitive process that interferes with the care workers’ working memory, resulting in them in becoming less focus on the task and left feeling frustrated and stressed (Potter, Wolf, Boxerman & et al, 2005)

An analysis was carried out on the medication errors that occurred within primary care, care homes, and secondary care during each stage of the medication process. The findings were that most of the medication errors occurred during the administration stage (54.4%) whereas 21% occurred during prescribing stage and 16% occurred during dispensing stage. 41.7% of the medication errors occurred within care homes and 38.4% in primary care and 19.9% in secondary care (Elliott et al., 2021).

The medication policy states that the care worker must go through the five rights as part of their safety check before administering medication to a resident: the right person; the right medication; the right time; the right dose and the right route. If the care worker deviates from any of these five rights this will result in a medication error and this will have to be reported. There is a system in place for reporting medication errors and the investigating officer will have to decide based on preliminary findings whether this is a human error or breach of medication policy and whether disciplinary action is required. 

A study was carried out to explore the knowledge, attitude, and barriers towards medication error reporting. Nurses were familiar with medication error and the system for reporting however they may not report a medication error due to lack of time, workload, embarrassment, fear of investigation, types of reporting and absence on feedback from previously medication errors reported. There is a need to improve reporting to remove the blame-free culture and to provide reassurance of confidentiality (Dyab et al., 2018).

Several stakeholders could be involved in the residents’ medication regime including general practitioners (GP); local pharmacists; doctors; nurses; care workers and families and this could create complexity within the medication management process and create barriers to sharing information and communication due to all stakeholders using separate systems or processes. A study was carried out to understand the challenges with medication management from primary healthcare perspective which includes general practitioner (GP) and community pharmacists. The role of the GP in medication management is to prescribe and carry out medication review whereas the role of the community pharmacist is to conduct medication review and monitor medication adherence. Those who participated in the study raised several concerns around the medication management process for people living with dementia and their concerns were centred around monitoring adherence to medication requirement and carrying out medication review (Barry, Bedford, McGrattan, & et al 2020) To provide an optimal medication management process it is important that the GP and the community pharmacist maintain a good working relationship with the care worker as they can be a reliable source of information in providing information to the GP and the community pharmacist about the person with dementia medication regime.

Medication adherence emerged through the literature review and there are technological interventions available to support with improving adherence however these technologies may not be suitable for those with cognitive impairment as they send reminders and a person with advanced dementia may not have the cognitive ability to response to these reminders. In the care home the only way the residential lead can measure whether someone is adhering to their medication regime is by checking each individual MAR charts which can be a complex and time-consuming activity. Medication non-adherence is responsible for 33% to 69% of medication-related hospital admission and 23% of all nursing-home admission (El-Saifi, Moyle, and Jones, 2017). 

There is a literature which looked at the burden of adverse drug events (ADE) has on hospital admission; length of stay and death from primary and secondary care perspective however there do not appear to be any literature to provide evidence to demonstrate the impact of medication errors on hospital admission, length of stay and death from the care homes perspective. From a primary care perspective 5.2% of 18,8820 hospital admissions (over 6 months period) were because of ADE. Most of the ADE were either: definitely (9%) or, possibly (63%) avoidable. Consequently, the median length of stay of admission due to avoidable ADEs (Adverse Drug Events) was 8 days (Elliot et al., 2021).

Approach to Literature Review
The following tools were used as part of the literature review: University of Wales Trinity Saint David Books & Beyond Library and Learning Resources and Google Scholar. It was decided to use Google Scholar as the primary source of literature review due to time constraints and familiarity of using Google Scholar for previous literature research. If the full text was not available through Google Scholar, the University of Wales Trinity Saint David Books & Beyond Library and Learning Resources was used to access full text. The following key words were used as part of the literature search:

· Medication management
· Medication management and stakeholders  
· Medication adherence
· Medication errors in care homes 
· Dementia care
· Barriers to safe medication 
· Medication administration and interruptions
· Electronic Medication System 
· Bar-code electronic medication system 
· Medication and Information Technology 
The literature review was not confined to ‘care home’ settings and it includes ‘hospital’ settings to provide more scope in the literature review. The literature research produced unmanageable number of results on key word so therefore due to time constraints the first ten results returned were screened (title and abstracts) so therefore unable to quantify the number of records excluded from the research.
Figure 1: Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) flowchart of literature search result. 
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Aims & objectives 

The overall aim of this system improvement project is to provide a technological intervention as a solution for improving the current medication management process. The objectives of this system improvement project will need to be Specific, Measurable, Achievable, Relevant and Time-Bound (SMART) as described below. 

Specific
The technological intervention is expected to reduce medication errors, to improve resident safety; quality of care for residents; staff moral; working conditions; compliant and adherence monitoring, to reduce carbon footprint and blame-culture within the care home and to provide better transparency on reporting medication errors. 

Measurable 
The success of the technological intervention will be measured through several methods: a comparative analysis on the number of medication errors reported pre and post intervention; an observational study to assess the impact on care workers’ cognitive load and behaviour in responding to interruptions and distractions including residents challenging behaviour; an analysis of time taken on each medication activities and feedback sessions with the residents and the care workers to assess whether the technological intervention improves the quality of care and well-being of care workers.  

Achievable 
This technological intervention will require a business case to be presented to the senior leadership team within the council for approval. The project team will need to go through the council’s procurement process. The council’s vision is to automate all business processes within the council and to improve public services through technological innovation. There will be some challenges to overcome in implementing the proposed intervention which will be delivered to care workers with various levels of digital skills and knowledge and in an environment that is challenging as the care home are supporting people living with advanced dementia. Introducing a new technological intervention does not always go smoothly and it is important to get people to adopt the intervention as soon as possible. It will require changing the mindset of the care workers and it is important for them to visualise how it will benefit them and the residents living in the care home. 

Relevant
There are several strategies and policies that will drive this technological intervention. The Digital Strategy for Wales Vision is: “improving the lives of everyone through collaboration; innovation and better public service” (Welsh Government, 2021). The care home is run by the local council and the aim of this technological intervention is to improve services for residents within the care home.
This intervention is about improving residents’ safety and quality of care provision and to enable care workers to carry out their role more effectively by having the required information at point of care which is aligned with the following vision “Health and social care professionals will use digital tools and have improved access to information to do their jobs more effectively with improvement in quality, safety and efficiency” (Welsh Government, 2019). 

The Future Generation Act has seven well-being goals, and all local authorities have a legal obligation to meet these goals. This technological intervention would contribute to achieving two of the well-being goals particularly by creating a prosperous Wales by enabling the care home to use their resources more effectively and reducing the carbon footprint and a Healthier Wales well-being goal as this technological intervention is improving residents physical and mental well-being. 

Timebound
The timescale for this project is 18 months. This will include producing and presenting business case, approval and finding a suitable technological intervention and project delivery and monitoring. 

Methodology 

To assess the complexity of the proposed technological intervention, the non-adoption or abandonment of technology by individuals and difficulties achieving scale-up, spread and sustainability (NASSS) will be used retrospectively. This framework will help us to understand all the interacting components involved in the proposed technological intervention and provides an indication as to where complexity could be reduced. (Cohn et al., 2013). The more complex the system is the less likely the system is likely to be adopted and more likely to be abandon. (Greenhalgh & Abimbola, 2019). 

For this intervention both the Lean and the Six Sigma improvement methodologies will be used. Lean methodology is about improving the flow and eliminating waste. Using the Lean methodology for this technological intervention is about looking at all activities involved in the medication management process and to assess whether they add any value to the residents. If they do not add value, then they should be eliminated from the process. As part of this technological intervention, figures and statistical data would be required particularly in relation to number of medication errors and this is the reason for combining both the Lean and the Six Sigma improvement methodologies. (Bevan, Westwood, Crowe, & et al, 2017)

The Awareness, Desire, Knowledge, Ability and Reinforcement (ADKAR) change model is most suited for this care home as it is an outcome-focused model, and it uses simple language for introducing a change. The ADKAR model outlines the five milestones that the care home will need to achieve to change which includes building awareness of why we need to change (to reduce medication errors and to spend more time with residents); to build the desire to change (to get stakeholders engaged and signed up to the proposed change); to provide knowledge to support the change through training; to assess the ability to change and reinforce to maintain change. The ADKAR change model will run in parallel with the PRINCE2 Project Management methodology. The first process of PRINCE2 is ‘starting up a project’ which requires having information for the project team and this information could be used to build ‘awareness’ of why the care home need to change. The second process is ‘initiating a project’ which requires an agreement to commitment of resources and this commitment could be viewed as a ‘desire’ to change as part of the ADKAR change methodology. The same principle applies to ‘managing stage boundaries’ which runs in parallel with ‘knowledge’ and ‘controlling a stage’ runs in parallel with ‘ability’ and ‘reinforcement.’ 

Measures 

Intervention
The proposed intervention is a digital medication administering and dispensing system to replace the current paper-based system. This will involve interoperability between the care home and the local pharmacy system that will streamline the communication and information flow between the two systems. It is important to have an interoperability between the care home and the pharmacy systems as a study have shown that interoperability provides credible information that improves quality of care and patient safety. (Rahmawati & Adisasmito, 2019). It is intended that this intervention will mitigate the possibility of medication errors occurring during either the dispensing or administering stages. 

This intervention will rely on the use of bar-code technology at both the dispensing and the administering stages of the medication process. A study was carried out on the medication error rate before and after bar-code medication system and it was reported that the number of medication errors was reduced by 41% through using bar-code (Poon et al, 2010). This intervention will not eliminate medication errors as they could happen during other stages of the medication management process, for example, prescribing. 

A comparative study was carried out in a care home with one unit using a paper medication system and another unit using an electronic medication system (EMS). The findings were there was no significant different in the time spent by nurses on each medication activity. It did however improve compliant as with EMS it requires nurse to document that they have administered the medication before moving onto next resident or patient. One of the incident reports shown a nurse had signed twice on paper-chart as she had forgot that she had done it after being interrupted and the EMS eliminates this. The EMS also removes the possibility of forgetting to medicate a resident. There were some weaknesses identified with the EMS such as not being able to view historical MAR charts; it can take up to 5 days to add new resident onto the system; power outage on device resulted in the nurse forgetting to medicate a resident. EMS provides a functionality to prompt and alert nurses to prevent them from forgetting to medicate a resident if interrupted. Some design and workflow issues with EMS could be improved (Qian, S., Yu, P. and Hailey, D, 2015). 

There are other factors that could contribute to medication errors such as poor system design and how the system are used by clinicians. A study was carried out on workarounds in relation to implementation of EMS. Introducing a technological intervention is important however how people use the technology is far more important and if the system is not used correctly, it could jeopardise patient’s safety. It is important as part of this technological intervention that designers understand the human-interface interactions otherwise the care workers are more likely to become frustrated with the system and may not adopt the new system due to poor system design. A study was carried out to look at how EMS has an impact on the workflow and the work processes which result in workflow blocks. These workflow blocks were known as ‘intentional technology blocks’ these are blocks that were deliberately put in place to improve patient safety and ‘unintentional technology blocks’ these were blocks caused by poor system design. An example of intentional technology block was ordering excessive medication, as a workaround the nurse would select a medication dosage that did not match the prescriber order to ‘get it onto the system,’ which could lead to excessive dosing. An example of an unintentional technology block was the EMS system printing so many pages for a new medication order and as a workaround the nurse would ring the order through to their local pharmacy. Another example is switching from screen to screen which led to nurses referring to handwritten case notes and obtaining information from other staff instead of using technology. (Vogelsmeier, Halbesleben, and Scott-Cawiezell, 2008) 

The complexity of this technological intervention can be evaluated retrospectively using the 7 domains of the NASSS framework. The technological intervention will be used, not directly, but to support residents living with advanced dementia who could become aggressive or agitated due to changes in their brain, general health issue or in pain from infection or care provided, environment or social interaction. In addition to dementia, residents will have other underlying health conditions or illness. (condition). The intervention will require using bar-code technology; portable devices and a web portal with a two-way link between care home and local pharmacy (technology). The intervention is expected to reduce the use paper, reduce travel time, reduce the administrative burden on care staff (value). The adopters of this system will be care workers and due to their poor experience of previous interventions and not being digitally confidence, this could potentially result in some challenges in getting care workers to adopt the new system (adopters). The residential lead of the care home is keen to eliminate or reduce the number of medication errors and the organisation is moving to a digitally enabled environment and funding have been provisionally approved, no integration with other systems is required, there is a need to consider the care home capacity to innovate which may hinder the intervention (health organisation). There is a strong drive for medication errors to be reduced and Welsh Government strategies will drive this intervention (wider system). There is a scope for the digital medication system to evolve and develop over a period and the organisation is constantly learning and trying new ways of working. (Embedding and adaptation)  

Measuring Impact 
The impact of this intervention will be measured by doing a comparative analysis on the number of medication errors pre and post technological intervention to evaluate whether the number of medication errors have reduced as a result. The impact on the care workers’ cognitive load and how they response to distractions and interruptions will be measured pre and post technological intervention. 

An observational study focusing on the behaviours of care workers and residents during the medication administering process; does the care worker appear less stressed and agitated during the administering medication process and do they have capacity to response to residents’ needs. This observational study would also look at the impact on the environment and whether this intervention improved the home environment and reduce blame culture around medication error reporting. 

An observational study will be carried out on the business processes to assess whether the digital medication administering and dispensing system has an impact on the senior care worker and the care worker time spent on all medication activities. The impact on communication and information flow between the care home and pharmacy to assess whether the care worker receive the required information in a timely manner and at the point of care. This observational study would also look at the turnaround time of getting medication delivered and does it arrive before the scheduled medication administering time and does it reduce errors due to medication not being omitted. 

This technological intervention will also be measured by looking at the impact on hospital admissions following a medication error and whether it enable local hospitals manage and improve bed capacity. Another area that will be measured to assess impact of intervention is whether the digital medication system gives better information on medication adherence and whether residents are adhering to their medication regime. This information could be passed onto the local pharmacy or general practitioner as part of the medication review process and whether it has an impact on the GP’s and local pharmacist’s clinical decision-making process. 

Causality 
Instead of introducing a digital medication administering and dispensing system the care home could devise a paper medication checklist that would aid with care workers’ memory and decision-making during their medication administering process. There has been some research into the use of a checklist and a study was taken on the use of a surgical safety checklist in an acute hospital and it concluded that the checklist is “neither clinically helpful nor widely used” (Schiff & Bates). Having a checklist could aid care workers’ memory and support their decision making however what if the care worker chose not to use or forget to use the checklist. A checklist would be an addition to their cognitive load whereas having a digital solution would remove the need of having to rely on care workers’ memory. The use of a paper checklist would add another layer to the medication process system which would be an administrative burden for the care workers whereby their time could be better spent on providing quality care to residents. 

Improvement

Direct and indirect improvements 
The proposed technological intervention is expected to reduce the number of medication errors and the use of bar-code technology will provide a robust system for ensuring that the medication is administered within the five rights as outlined in the care home medication policy. It should eliminate any deviations from the medication policy and ensure that medication administered are signed for before moving onto the next resident. 

An improvement in the reporting of medication errors is expected as the intervention would provide more transparency. Using a paper-based medication system the care worker may chose not to report a medication error due to time constraints, embarrassment, being blamed for reporting another staff member or fear of losing their job. This intervention is expected to flag all errors. It will remove the unnecessary burden and pressure placed on care workers and save them time from having to fill out a medication error form. It is expected to reduce the blame-culture within the home.

A reduction in the cognitive load on the care workers is expected. If care workers were interrupted or distracted during the administering the digital medication administering system would raise an alert to remind care workers to administer medication rather than them having to rely on their memory. 

A reduction in the administrative burden placed on senior care workers and care workers who are involved in the monitoring of medication stock, reordering of medication, administering medication, and booking in medication. The care home environment should improve as this intervention is expected reduce pressure on care workers during the administering process and create more capacity for them to spend time with residents and the well-being of staff and quality of care for residents should improve as a result.

It will provide a clear and robust audit trail of medication activities and the information can be available in real-time removing the need of having to go through paper MAR charts which can be time consuming activity. The availability of information in digital format would enable the information to be accessed in real-time and improve the information and communication flow between the seniors and care workers and the local pharmacists. As part of the medication review the local pharmacists would be able to access information from care workers about the dementia person’s medication regime and assess whether they are adhering to medication.

Potential unintended consequences 
There could be potential unintended consequences from this technological intervention such as the number of medication errors does not reduce as a result; the proposed intervention does not get adopted by the care worker due to them resisting to change.  If this becomes the case the NASSS framework could be revisited to understand and assess whether the complexity of the intervention could be reduced to increase the likelihood of care workers adopting the intervention.  If the care home is experiencing high level of sickness this could delay the implementation of this intervention as would not be able to train care workers in using the new digital medication administering system.  There could be issues with sourcing a reliable software supplier that provides this technological intervention. 

Possible future opportunities 
There is scope for this technological intervention to be extended by developing a fully integrated digital medication system with a full system interoperability between primary care, secondary care and the wider social care sector including social services, private care agencies and third sector organisations. 

A fully integrated digital medication system would enable the communication and information flow to be improved between all stakeholders that are involved in the person’s care. The GP and the local pharmacist would get a holistic view of the dementia person’s medication regime. It would also enable the GP or the community pharmacist to access information in real time from the care workers who are a reliable source for providing information on dementia person’s medication regime and support GP with their clinical decision making. 

A fully integrated digital medication system would also mean that all the information would be stored in a single shared system rather than multiple systems that could easily be accessed digitally from anywhere. It could be accessed by all key stakeholders reducing the need for having to travel to locations to get the required information reducing the carbon footprint. 

This could have an impact on discharging people out of hospital more quickly to ‘free up’ beds within the hospitals. The delay in discharging people from hospital could be linked to person waiting for their medication to be dispensed from the hospital pharmacy. If a fully integrated system were implemented, it would mean the clinicians at the hospital could prescribe the medication and this information can be sent to the local community pharmacist to reduce the burden on the hospital pharmacist by enabling them to focus on dispensing medication for those staying in hospital. There would have to be some consideration given to whether the local community pharmacies have the capacity to meet these demands. A fully integrated digital medication system will also require some consideration given to data sharing and what level of information should each stakeholders have access to.
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