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[bookmark: _Toc127881385]Introduction

The use of medicines as a treatment is the most common intervention in healthcare (NICE, 2022) and accounts for the second largest proportion of spend in the NHS Wales budget.  Medicines, if used in an optimal way, can have a positive effect on an individual’s health, however they can also be associated with harm if used inappropriately or prescribed incorrectly and this risk increases when multiple medications are prescribed (NICE, 2022).  Decision support can therefore be an important tool to guide and support prescribers and potentially increase safety, improve optimisation and help to reduce medicines associated costs (Kaushal et al., 2003).  However, there are a variety of prescribing decision support approaches, tools and techniques across healthcare organisations and systems.  Each may be at varying degrees of implementation and have varying levels of support and degrees of severity scorings and prompting mechanisms.  This potentially makes the effectiveness and efficiency of such systems inequitable and lacking in standardisation.

Wasylewicz and Scheepers-Hoeks (2019) refer to clinical decision support (CDS) as tools that can be digitised or non-digitised that can be simple, basic or advanced CDS.   It considers those that help focus attention, such as in the case of identifying drug-drug interactions (DDIs), seen as basic and those that are more patient specific, such as disease-drug interaction or recommending drug level monitoring during certain treatments, seen as more advanced.  Both require good information and knowledge management.   

Hospital prescribing, particularly at the transitions into and out of care, is a crucial area of concern.  Studies by Kaushal et al. (2003) and Bates et al. (1995) have identified that medication error rates are greater than 5% for inpatients (hospital patients), with 50% of these happening at prescribing, whilst Franklin et al. (2011) identified that in hospital care, prescribing errors arise for around 15% of newly prescribed medicines.  It is well documented that in any setting, a patient’s risk of harm increases with the number of medicines that they are prescribed, increased further alongside other factors such as the type of medication (e.g. high-risk) (World Health Organization, 2019).   It is not surprising, therefore, that prescribing and administration related medication errors are the most frequent and avoidable source of harm to a patient. (Lainer et al., 2013) (Bobb et al., 2004).  Patient safety should be at the centre of any modern digital solution (Topol, 2019) and therefore reducing medication related errors is an important area to focus intervention.

Within secondary care, medicines prescribing has traditionally been paper based and is in the process of transforming over to a digital solution, namely, electronic prescribing and medicines administration (ePMA) systems.  These systems bring with them complete change in the way prescribing and administration occurs in the hospital setting and often combine prescribing electronically with basic medication related CDS and the promise of safer prescribing (Nuckols et al., 2014).   However, Whilst many ePMA systems include decision support modules to guide prescribing and help the prescriber in decision making, there is a distinction between the support embedded in the configuration of the system itself – i.e. legible and selectable drug lists, order sets, dosing and frequency presets etc. and that, that warns or notifies the prescriber in some way about conflicts or optimisation related medicine issues that may have an implication of the effect of the patients treatment, safety or outcome; such as a severe drug interaction.  In the latter there is furthermore an important distinction between following simple logic based “if/then” rules to produce alerts or focus attention and the more advanced combination of incorporating patient and disease related characteristics to recommend or avoid treatments based on parameters within decision trees  (Eppenga et al., 2011).    Basic level CDS should be able to offer drug-drug interaction checking (DDI), dose guidance, duplication checking, dose reference and formulary (drug choice) support (Kuperman et al., 2007).  Whereas advanced level CDS should be able to utilise characteristics such as certain disease states such as renal impairment or certain electrolyte blood levels that may increase the toxicity of medicines, to genetic indicators that may pre-dispose a patient to either a positive or negative effect of medication (pharmacogenomics).

This paper will focus on the use of decision support in the prescribing workflow within secondary care ePMA systems, which is far from being perfected (Hussain et al., 2019).  Decision support has the promise of being able to improve medication safety by helping to prevent medication related adverse drug events (ADRs), but there needs to be clear understanding on the outcome and effect of the interposition imposed by such systems in this area.  It will focus initially on an area of ePMA based decision support that is still being developed, namely cumulative dose checking and as there is a limited amount of specific research in this area will then review the broader literature in relation to outcomes.  





[bookmark: _Toc127881386]Evidence Review
The evidence review sought to undertake a critical literature review covering the application of medicines related decision support in electronic prescribing and medicines administration (ePMA), initially focusing in on dose cumulation support and then expanding to explore outcomes related data.

[bookmark: _Toc127881387]Methods
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A search strategy was developed for the Ovid Journals Database, Medline, Embase and NHS Wales Full Text Journals, using the search terms in Table 1.  For cumulative dose functionality these terms were then combined in strategies outlined in Table 2 and a similar approach was taken to explore outcomes related data see Figure 1.


	Keywords and MeSH terms used in search methodology:


	Systems:
	Function:
	Outcome Type:

	Electronic Prescribing

	Accumulation 
	Adverse Drug Reactions

	Electronic Prescribing and Medicines Administration

	Cumulative
	ADR

	EPMA

	Range
	Medication Error

	Computer Order Entry

	Dose
	

	CPOE (Computerised Physician Order Entry)

	
	

	Decision Support Systems 

	
	

	Clinical Decision Support Systems
	
	


Table 1 Search terms and Keywords and MeSH terms used in search methodologies



To identify dose cumulation literature the following search criteria was applied (Table 2):
	
	Search Terms
	Result

	1.
	Dose + Accumulation
	350451

	2.
	Dose + Cumulative
	292293

	3.
	Either 1 or 2 + ePMA
	92

	4.
	Either 1 or 2 + CPOE
	189

	5.
	Either 1 or 2 + Decision Support Terms
	682

	
	Screening setting:
Inpatient, Hospital Setting, General, ePMA based
Screening Exclusion:
Chemotherapy
Paediatrics

	3


Table 2 Cumulative Dose Search Criteria and Results

[bookmark: _Toc127881389]Study Selection
To determine whether the discovered literature was relevant and to assess this, the following inclusion and exclusion criteria was adopted: the intervention, the context, and outcomes.  Peer-reviewed publications and studies that were available in the English language, that examined outcomes on ADRs and medication errors as a result of CDS within ePMA, were included, irrespective of design.  Studies that were not applicable to hospital inpatient setting were excluded.  Lower consideration was attributed to publications that were not able to describe methodology for how they determined medication events or ADRs.  Any studies that were specific to paediatrics or chemotherapy were excluded due to their highly specific nature.
Study/Literature Type
Results were still screened for relevance and appropriateness.  Studies that actively examined pre and post CDS implementation were also considered to be far more substantial considering that retrospective review of trigger events identify a lower proportion of actual harms that might be related to errors than pre-prescription review (Franklin et al., 2009).

Intervention
The intervention should be an ePMA system that contains decision support (DS) that combines prescribed or attempted prescribing with dose cumulation and medicines related interactions (DDIs).  The selection did not attempt to specifically search for any CDS that may combine prescribing and patient characteristics, however this was not excluded as the search was based on outcomes.

Context
The study selection reviewed decision support and prescribing within the secondary care sector as context, workflows and consequent outcomes may be very different.

Outcomes
The following outcomes were considered when searching and selecting publications related to CDS in ePMA based outcomes, irrespective of dose cumulation checking, Table 3:
	Outcome Type
	Summary 

	Care Process Outcome
	1. Medication Related Adverse Drug Events (ADRs) – Injuries to patients due to medication errors.

	
	2. Medication Errors -  these include: Prescribing related errors, transcribing, medication administration. (which may or may not have caused harm).  Note: Dispensing related errors were not included as these are outside of the scope of an ePMA system.


Table 3 Outcome Types
[bookmark: _Toc127881390]Grading
The literature was graded and assessed against the following criteria:
Strong Evidence: RCT – statistically significant - 1
Limited Evidence: Qualitative – no statistical significance - 2
Insufficient Evidence – report/commentary/observational - 3



[bookmark: _Toc127881391]Results
The search and screening for dose cumulation based decisions in ePMA didn’t yield any specific outcomes related results, however it did identify papers that would be relevant to discussion.  In total 963 papers relevant to the dose cumulation criteria were screened and narrowed down to 3 pieces of literature that would be deemed suitable for discussion (Table 4.)
	Study
	Country
	Context
	Study Design
	Summary
	Inclusion- Grading

	First Author
	 
	 
	 
	 
	 

	NCPDP (2016)
	US
	Hospital and Primary
	Guidance
	Was not a study – however established some useful concepts and guidance relating to dose cumulation for paracetamol in particular – the concepts of which are generalisable.
	3

	Maxwell et al. (2012)
	UK
	Hospital and Primary
	Report
	Was not a study but made recommendations for the future. Recommending that medicines information related directly to the product license should be digitised and integrated into systems such as ePMA and CDS. 
	3

	Coleman et al. (2012)
	UK
	Hospital and Primary
	Report
	A report on a study that derived and tested dose range algorithms against 30 drug-route-form combinations and derived principles that could be adopted.
	3


Table 4 Summary of Cumulative Dose CDS Related Studies
In the expanded search on general medicines related ePMA CDS outcomes a total 4,573 potential publications were screened, which referenced another 24 reviews.  1174 of these publications were then examined and 450 were excluded as they were not hospital based, did not describe how they determined the outcomes, did not test the effectiveness of ePMA, or described completely different outcomes.  The remaining 724 publications were assessed for further eligibility and settings that could potentially skew results such as chemotherapy and paediatrics were removed.  There were, therefore 22 publications included in the outcome-based review, summarised in Table 5 and the process is represented in Figure 1.
Review of the literature found a variation in the publications and approaches used in study designs and systematic reviews.  Not one of the publications was able to give details into how the CDS was actually configured or compare different configurations within the same system, other than Pontefract et al. (2018) study which was able to make comparisons between the same ePMA system and three different configurations, at three different hospital sites, assessing the outcome on 78 defined high risk medication errors.   The results indicated clearly that although there was an overall significant reduction in the error rate (5.0% to 4.0% (p<0.001), different configurations of the same ePMA system can produce very different results.
[image: Diagram
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Figure 1 Representation of steps involved in the outcomes based literature search.



Table 5.  Summary of Studies and Abstract Grading.
	Study
	Country
	Context
	Study Design
	Summary
	Inclusion- Grading

	First Author
	 
	 
	 
	 
	 

	Moxey A, et al, (2010)
	US, Europe, Australia, Australasia
	Hospital and Primary
	Systematic Review
	Systematic review of factors impacting CDS.  Assessed barriers and impacts.  Was not looking at outcome data specifically although included studies that did.
	3

	Prgomet M, et al, 2017
	Global
	Hospital and Inpatient, ICUs
	Systematic Review - 20 
Pre/Post
	Systematic review of CDS on length of stay and medication errors within ICU.
Would be excluded from outcome comparison as ICU.  But informative.
	 1

	Bayoumi I, et al, 2014
	Canada
	Hospital and Inpatient and Emergency Care
	Systematic Review - 36 RCTs 

	Evidence of change in process outcomes.
Informative
(Some paper based - so not excluded)
	1

	Robertson J, et al, 2010
	Australia
	Hospital and Inpatient 
	Systematic Review - 36 RCTs 

	Evidence of more effect of DS on prescribing process outcomes than clinical outcomes.
(Some paper based - so not excluded)
	1

	Weigal V, et al, 2020
	England
	Hospital, Inpatient
	Multi-site Longitudinal Qualitative Evaluation.
	System optimisation and recognition of different outcomes across multiple systems
	2

	Chin P, et al, 2020
	New Zealand
	Hospital, Inpatient
	Non-RCT, ITS, Data Analysis, 
	Using evidence from local data extracts to inform configuration of software. Revising configuration in the DS alerts for one drug significantly reduced false positives.  However no advise on how to configure or on the optimal way of doing so.
	2

	Edrees H, et al, 2020
	US
	Hospital, Inpatient
	Retrospective, Observational Study
	Examined the frequency and appropriateness of overrides of high risk drug interaction alerts and any association with sub-sequent side-effects.  Showed higher proportion of inappropriate overrides which was associated with higher adverse drug reactions compared to appropriate overrides.  No statistical significance.
	3

	Sako N, et al, 2020
	Ireland
	Hospital, Inpatient
	Retrospective analysis of drug-drug interaction alerts
(Conference Abstract)
	Grey - Abstract only - conference proceedings.
Consistent findings with literature.
Changes to Configuration recommended - but no advise or evidence on the optimal configuration.
	3

	Corny J, et al, 2020
	France
	Hospital, Inpatient
	Data-analysis
	Report - data collection to inform machine learning.
	3

	Bell H, 2019, et al, 2019
	England
	Hospital, Inpatient
	Mixed Methods
Small powered (but statistically significant result)
	Explores prescribers’ perceptions and rates of alert overriding in different situations.  Small number of alerts analysed 199.  Alerts during ward rounds more likely to be overridden than those outside. (80% of 56 vs 51% of 63; p=0.001). Significant finding.  Suggested build alerts into workflow.
	2

	Pontefract S, et al, 2018
	England
	Hospital,
Inpatient
	Quantitative and Qualitative Study
	Three acute hospitals.  Same ePMA system with different configurations of CDS.  Results – significant reduction in error rates.  Although variation in effect by error type across sites and configurations.


Two sites. Effect of DS on communication and the impact of this, between pharmacists and doctors.  Potential to compromise care.  No outcomes data. 
	1

	Curtis C, et al, 2017
	International
	Hospital, Inpatient
	Systematic Review 
	Extreme variation of studies but and demonstrates that DS for optimising antibiotic use is poor but overall associated significant increase in antibiotic coverage where DS used.
	1

	Gatho G, et al, 2018
	Switzerland
	Hospital, Inpatient
	Study Protocol for RCT
	Study Protocol for assessing effect and use of DS on antimicrobial stewardship
	3

	Santucci W, et al, 2016
	Australia
	Hospital, Inpatient
	Observational Study
	Intensive Care - Whether DS is seen as useful by medics in the Critical Care setting.  More alerts were triggered in critical care setting then general wards and many of them were seen as redundant.  DS not configured for this setting.  No outcome data.
	3

	Bernstein R, et al, 2014
	 
	Literature Review
	Article
	Grey - Identifies elements of an ideal decision support system where medicines are used.  States that well though-out DS can have an impact that can be measured against adverse drug reactions.
	3

	Kaushal, 2011
	 US
	 Hospital
	 Pre-Post
	Randomised study with pre-post controls.
CDS in prescribing functionality of EPR. 
Comparative Effectiveness Study
	3 

	Leung et al. 2012
	USA
	Community Hospital
	Pre/Post
	Evaluate the effect of CDS supported CPOE on ADRs.  Reduced preventable ADRs, increased low risk medication errors.  Reduce ADRs by refining associated decision support.
	1

	Menendez et al. 2012
	Spain
	Hospital
	Pre/Post
	Effect of CDS supported CPOE on medication errors and ADRs.   More frequent medication errors - reduced ADRs.
	1

	Westbrooket al.,2012
	Australia
	Hospital
	Pre/Post
	A before and after study on the effects of CDS supported CPOE systems (2) on prescribing error rates.  Serious errors decreased significantly 
	1

	Van Doormalet al.,2009
	The Netherlands
	Hospital
	Pre/Post
	Two hospitals. CDS Supported CPOE - reduced medication errors but no effect on ADR (no significant effect on actual patient harm as an outcome)
	1

	Thomas, et al, 2013
	UK
	Hospital
	Panel
	Panel based study with purpose of developing a list of prescribing indicators specifically for the hospital setting. 
Not outcome related evidence but informative.
	3


Table 5 Summary of Studies and Abstract Grading.
 

[bookmark: _Toc127881392]Discussion
Initially the focus of the literature search was very specific and looked to see if there were specific outcomes related studies in terms of dose cumulation support from CDS in ePMA systems.  Dose cumulation checking requires the CDS function to use reference data and compare the total amount of a dose of a medicine prescribed over a defined time limit and check if this is within licensed or recommended limits.  Given the very specific papers that were screened on this subject this is one of the most difficult medicines related decisions support concepts to include and support in a consistent manner, probably due to variations in agreed specialist usage versus licensed usage and then maintaining this.  Whilst the papers by Coleman et al. (2012) and NCPDP (2016) describe very specific algorithms neither has actually determined the effect on outcome data, although Coleman et al. (2012) did look at and compare the detection of the errors. Cumulative dose checking requires at least the following elements (Table 6):

	
	Attribute
	Standard

	1.
	Drug name 

	Drug name (dm+d) - Virtual Therapeutic Moiety – in dm+d these can be related to actual products (AMPs) (NHSBSA, 2022)


	2.
	Strength of the dose being prescribed.

	Standards for capturing the dose.  The Unified Code for Units of Measure (UCUM) standard. (Schadow and McDonald, 2022)



	3.
	A maximum dose (which could in itself be time limited – e.g., a maximum of 1000mg per dose or a maximum of 4000mg in 24 hours.  
	Open to interpretation and may be configured differently across systems unless it is a well-known hard maximum such as the maximum paracetamol dose.  It is possible that this could be automatically configured direct from the product license once implemented (Maxwell et al., 2012) or from other proprietary sources or from British National Formulary data direct (Joint Formulary Committee, 2022).

	4.
	Units
	The Unified Code for Units of Measure (UCUM) standard. (Schadow and McDonald, 2022) and a mechanism for translating and normalising units to be able to compare them.


	5.
	Indication/Disease
	SNOMED CT – to allow linking of maximum doses to variations in dose maximums that might be disease or indication specific (SNOMED International., 2022)



Table 6 Attributes and Standards Required to Support Cumulative Dose CDS

Standardisation between these elements, if implemented and constrained correctly, will enable decision support functionality to recognise and join the correct values together even when there might be slight variations in the way something is prescribed or in the dosage form administered (Figure 2).  The basic algorithm in which the decision support for this functionality could work is demonstrated is summarised in the decision tree in Figure 3.

[image: Diagram
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Figure 2 Representation of Concepts Required to support Dose Cumulation CDS Checking

Maxwell et al. (2012) paper proposes an electronic structure for the current mechanism of presenting the detail summary of product characteristics, a licensing requirement needed for every licensed medicine on the UK Market.
The concept of being able to use digitised elements of the SPC provides the potential for better integrated and interoperable CDS, linking disease states and monitoring parameters, maximum doses etc, without additional configuration in the implementing system, however it is only recently that the standards required to support this are becoming more mature (NHS Digital, 2023).  

[image: Diagram, text

Description automatically generated]
Figure 3 Dose Cumulation Decision Tree - After Value Exceeded

Once implemented and configured it is very apparent that when medicines related CDS is embedded and used within ePMA systems it is related with significant reduction in ADRs and almost 50% less medication errors in secondary care, hospital settings, compared with paper equivalents.   However, there is considerable inconsistency as to the extent of effectiveness of medication related CDS in reducing ADRs and medication errors.  With such complex systems as CDS, the design and configuration are equally as important as the context and the manner in which it is implemented particularly considering the many related sociotechnical aspects (Chaudhry et al., 2006, Shekelle et al., 2011, Wears and Berg, 2005).  However, all the compared outcomes publications reported significant reduction in either medication errors or ADRs, with the exception of an increase in medication error but decrease in ADRs being reported by Leung et al. (2012), and Menendez et al. (2012).  This could be due to ePMA systems introducing newer medication related errors as unintended consequences, with lower risks associated ADRs and causing less high risk ADRs.  It is also possible that the use of CDS makes it simpler to identify the error.  This highlights the cruciality of configuring CDS to the context in which it is implemented.  This especially the case with dose cumulation configurations.
Interestingly context and implementation are important elements considered in the GUIDEs checklist designed to help improve guidelines based CDS (Van De Velde et al., 2018).   
Studies that started out with higher baseline error rates saw bigger improvements, as expected when comparing against those with less errors to quash.  This was observed in a number of studies and systemic reviews (Prgomet et al., 2017, Shamliyan et al., 2007). 
A key consideration to take into account when considering the effect of CDS on reducing errors is to understand whether alerts or prompts are actioned in the first place.  Moxey et al. (2010) systematic review found that between 49-96% of CDS alerts were ignored when prescribing took place, further pointing out that timing and frequency of when alerts occur is important.  When considering this, it is informative to understand different perspectives such as responses to alerts themselves such as seen in  Bell et al. (2019) study, which focused on the number of alert overrides and when they happen, and then compare these to outcomes, such as described in studies like Pontefract et al. (2018), which compared the effects on prescribing errors among similar systems, with variations in the way medicines CDS is configured.   Bell et al. 2019 found that alerts were far more likely to be overridden when they appeared in the prescribing workflow during ward rounds, then if they appeared outside of ward rounds.  The manner and timing and therefore overall effect on patient outcomes may not only be associated with the system design but in the configuration and manner in which the CDS is presented in the workflow.  That being said, there seems to be very little outcome-based research that specifically looks at how medicines related CDS fits into workflow and the outcome in terms of error, or ADRs.
Whilst overall Pontefract et al. (2018) UK based study demonstrated a statistically significant reduction in overall errors by 1%, there was significant variation, between different configurations, in the types of error that were reduced.  These error types included drug-drug interactions (DDIs), contraindications and dose or frequency related errors.  Ultimately different configurations produced very different results, however unlike Bell et al. (2019), Pontefract’s (2018) study failed to relate these errors to how users respond to decision support.  The two perspectives help to build a picture of this complex relationship and would be suitable area for further study.   
Considering more specific aspects of medicine CDS such as drug-drug interactions, a Korean based paper that looked at developing national DDI rules based on high-priority DDIs and assed this against override rates in three tertiary hospitals. (Cho et al., 2016).  This study found a high override rate, of which, a small number of these were for high alert DDIs.  Prior to this study work had also been undertaken by Phansalkar et al. (2012) to consider what DDI’s might be used in EPR systems, which considered the complexities of defining such lists.  A final list of fifteen high alert DDIs was derived.  Neither of these papers studied any end-point outcomes such as ADRs or errors but examined literature, undertook some review or perception of override rates and used expert panels to derive their eventual lists.  
Since these studies were undertaken, a US based evaluation of high priority DDI alerts across EHR records concluded that whilst this type of alert is clinically vital, they are not standardised and there is significant variation among implementors (McEvoy et al., 2017).   This paper also outlined that there is no standard guidance on how to display or implement them, although either way, Bell et al. (2019) paper suggest integration into workflow is key.
A key drawback amongst comparing studies related to error rates is that there is considerable variation in the way that errors are defined and measured.  However a consensus study, based in England, by Thomas et al. (2013), used a Likert scale scoring among an expert panel to derive 80 high or extreme risk errors that night be conducive to CDS within ePMA systems and suggested these for a standardisation and validation tool for assessing the impact of CDS initiatives.  Of note is that these helped to form the basis of the Pontefract et al (2018) study which has therefore demonstrated a comparable and proven repeatable mechanism for assessing CDS in ePMA.
In contrast to this, Franklin and Puaar (2020), study design differs in that it proposed and implemented a variation of Brown and Lilford (2006) step-wedge trail design to compare and contrast prescribing errors on paper based prescribing against ePMA with CDS.  The design compared reducing the number of hospital wards using paper each week against an increasing use of ePMA.  With comparison starting at zero ePMA and 100% paper, interchanging each week to eventual 100% ePMA and zero paper.  However, the paper was non-randomised and more specific to ePMA with limited decision support that offered pre-configured dosing templates and undertook allergy interaction checking.  Therefore, it was not comparable to the outcomes related papers, although it did suggest a useful study design and made some interesting observations that there can be differences in error rate depending on where the system is implemented.  Albeit not translatable it offers useful insight to inform evaluation and further study design.

[bookmark: _Toc127881393]Gaps in existing literature and evidence base
There is little consistent outcomes data and poor evidence of best practice and standardisation for ePMA prescribing decision support, however there is an emerging theme of attempting to identify and score systems as discussed in Heed et al. (2022)  pre-print paper, not yet fully published.  
Pharmacogenomics is also an emerging area where it’s application in prescribing decision support will need to be established (Qin et al., 2022).  
The selection did not attempt to specifically search for any CDS that may combine prescribing and patient characteristics, however this would be a useful area for further research and review.
A number of the studies and reviews in the initial search didn’t differentiate between the outcomes of implementing an ePMA system and the decision support functionality associated or used within it.  This is a major drawback in terms of systematic reviews and finding good quality evidence for the specific use of decision support within this area.
It has also been very apparent that it is the overall effect of CDS implemented in ePMA systems that seems to be assessed for outcomes related data as opposed to examining the impact on very specific functions like dose cumulation checking,


[bookmark: _Toc127881394]Implementation Issues
It is clear to see from the evidence cited in this paper that variation in the way that CDS is implemented across organisations and sites could lead to inequities in care, as error rates and ADRs vary between configurations and studies.  However, it is notable that there was a consensus that irrespective of the variation there was an overall reduction in ADRs.  Each of the papers and studies that identified positive outcomes had a key factor in common, deciding in advance a set of criteria that were considered relevant and suitable in terms of measures of safety.   This highlights the importance of ensuring that appropriate governance, assurance, validation, and decision-making processes are in place in advance of any implementation.  Such processes should be suitable for any initial coverage of the decision support system at implementation and for ensuring that a process is in place for optimizing and standardising the system during its lifetime.

There are several steps that might be contemplated when implementing CDS within the ePMA context for reducing ADRs and errors.  It is important prior to any implementation that an understanding of the context is clearly defined and that the problem that the CDS technology will tackle is clarified.  In this case the objective is to configure cumulative dose ranges and reduce ADRs and errors.  Taking this to its next logical step would mean that a consensus of what exactly these are and how they are identified needs to be built e.g., detailed user requirements specification (URS).  It is important that these are detailed and that processes are fully mapped to fully understand how and when CDS might impact them.  Understanding this needs to involve stakeholders and derive consensus.  
Following on from any consensus, a consideration and assessment of exactly how this will be achieved needs to be undertaken and options developed.  In assessing such options, thought and assurances would need to take place to ensure that the defined clinical need, improved outcomes, and affordability are factored in.  This would undoubtedly require clear definition of requirements and a business case type process to assess and secure funding.   In addition, such assessment of options and requirements must consider the environment, digital architecture and suitability of equipment to ensure that it fits its purpose (e.g. considering handheld devices for ward rounds, desktop availability, computers on wheels (COWs) etc. appropriate for the time and setting in which the CDS is actionable)(Kim et al., 2021).  
Appropriate planning is absolutely critical and must consider more than just the steps for preparing for implementation and business change but also plan processes for corrective actions, rollbacks, and mechanisms for effective feedback and learning cycles, e.g. once implemented did the decision support work as expected?  Planning should also consider cultural and sociotechnical challenges and business change.  This leads on to the fundamental need to continuously evaluate progress, usability and optimisation.   To ensure continued uptake and engagement it is key that appropriate system maintenance is in place and that it allows for appropriate levels of response and action.   To support such maintenance there need to be clearly defined roles of responsibility and governance.  These mechanisms should allow for decision making that enables robust ePMA combined with CDS to flex and respond and therefore increase the stability and lifetime of the system, enabling it to “stay the course” (Cresswell et al., 2013).  These steps are summarised in Figure 4.
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[bookmark: _Ref125709466]Figure 4 Summary of Lifecycle Stages - Adapted from Cresswell, et al, 2013.

One of the key aspirations and benefits of decision support is that it should enable and facilitate the clinician to make decisions in a world where data and its consequent assimilation to information amasses in an almost exponential manner.  It is impossible for clinicians to keep constantly up to date with information that might be invaluable for optimized and safer patient care.  Therefore, consideration needs to be given to who will take responsibility for implementing new evidence base and how this will be implemented.  How will new evidence, or, for instance, Medicines Health Regulatory Agency (MHRA) alerts with new clinically significant interactions or ADR data, and dose-ranges be kept up to date in the system?  To support the fast pace of evidence and information it is important that agreed standards and interoperable data are agreed and used (NHS Digital, 2023, Maxwell et al., 2012).  This should then be applied in a consistent manner.  At the very least this will allow codification and linkage of base level data such as medicines identification, allergies and indications and dose ranges to be utilised by CDS. 
The standards that are widely accepted in the NHS allow for codification of medicines (dictionary of medicines and devices, dm+d), indications (SNOMED CT), allergies (dm+d/SNOMED CT for substances and reaction type) (NHSBSA, 2022, SNOMED International., 2022).  If these are accepted and codified in the appropriate ePMA systems, it should form the foundations to enable consistency and standardisation to develop.
Whilst many ePMA systems will come with available CDS functionality, the functionality itself and how it works might vary between vendors.  The sources of information might also vary between vendors and the way it is implemented, for instance, what alerts are seen and not seen, is often highly configurable.   The way medicines related information is displayed may also vary, for example links to guidance vs a pop-up box or prompt with information.   However, in the context of CDS to manage ADRs, drug errors and dose ranges, the decision support needs to be built into the business process, rather than be provided as a link or guidance, such as the case with the evidence presented in the review.  There are a number of information sources and “plug-in” medicine decision support systems that are available and approved in the UK but these can also supplement the main supplier’s configurable decision support functionality (First Data Bank UK Ltd, 2023, The Royal Pharmaceutical Society, 2022).  This is one reason why it is important to understand and be clear on what type of decision support is implemented and have key measures to be able to test it against, such as the 80 key indicators derived by Pontefract et al. (2018).  At the moment, there appears to be only a small amount of research into the recommendations into the specifics of how an ADR or drug error CDS should actually work and display (Bell et al., 2019), with research and assessment concentrating on the outcomes and results of the decisions themselves.  This could lead to inequity between implementations in NHS Wales and highlights the importance of reaching consensus and standardisation, agreeing on configuration settings and being clear and precise on what a CDS to reduce ADRs and medicines errors should do.  
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[bookmark: _Toc127881396]Unintended Consequences, Automation Bias, and Variation.
Because CDS designed to reduce ADRs and errors tends to be written into the process of prescribing and administration, the decision support itself tends to present as alerts or within information in a summary prior to a prescribing or administration confirmation action, within the workflow.  As such consideration needs to be given to any unintended consequences that that might arise, such as in those related to human factors like automation bias (Mozaffar et al., 2017).  Familiarity and confidence gained with the systems over time might lead to inappropriate decisions being made when there is an absence of a computerised decision being presented, which could lead to incorrect conclusions that prescribing or administration is suitable when it may not be.  Prior to CDS such action may have been routinely checked by the person involved.

In addition, CDS alerts or messages may differ between organisations and sites, however it is quite possible for staff to move between organisations within the NHS, especially in Wales.  This may, again, lead to errors related to automation bias, for instance, in one organisation a clinician may encounter a certain type of CDS alert or message embedded into their workflow, which has the possibility of being absent or in a separate part of the workflow than where they usually work.  This may mean that they completely miss vital information and in the absence of what they would usually expect or be accustomed to, carry out an action because it was unopposed.  

[bookmark: _Toc127881397]Summary of Risks and constraints:
· Unintended consequences – must be considered with appropriate clinical risk management.
· Uncoded information – may not be utilised and may reduce interoperability.
· Too many individual pieces of guidance – may be difficult to manage.
· Reliance on Vendors – may restrict functionality, development and cause lock-in.
· Variability – differences in vendors, versions, Resources, Scope, Cultures and local priorities.
· Automation Bias – reliance on what the computer says.


[bookmark: _Toc127881398]Managing Risks
It is important that these risks are managed and mitigated.  Part of doing so should include undertaking clinical risk management of which in NHS England is mandatory for both system suppliers and for system owners (NHS Digital, 2021b, NHS Digital, 2021a).  The same process should apply to any CDS system.  
Mitigation of risks should include many factors such as understanding and analysing the design and functionality itself, considering previous evidence and understanding human factors.  It should also include users testing the system prior to implementation.  Training and education are fundamental aspects, however there is a certain degree of intuitiveness and usability that is expected, such as ensuring situational awareness and the system being able to inform the user when information is not there, which might be the result for un-coded items.
[bookmark: _Toc127881399]Summary of risk Management 
· Education – Training is a must.
· Guidance and decision type collation – agreement and consensus (e.g. Optimise Rx) Tinkley 2019.
· Embed decision support into workflow (Bell et al., 2019)
· Build and test scenarios against known prescribing risks.
· Verification and Validation. (Against URS)
[bookmark: _Toc127881400]Evaluation 
It is important that evaluation of the CDS functionality and its effect on ADRs and medicines related errors takes place.  If implementation and on ongoing learning, feedback and optimisation are taking place, evaluation should be part of an ongoing process.  
Certain aspects of the CDS implementation may require different types of evaluation.  For example, when considering user acceptance and sociotechnical aspects, it is important to understand how well the system fits into the business process.  It is also crucial to explore sociotechnical aspects and usability.  The system may be able to deliver a myriad of functionality but be completely unusable and cluttered.  Some users may also have a fear or disposition to using digital technology and these fears may need to be understood and supported.  Understanding and evaluating the benefits, so that they are evidently demonstrated may also help in terms of bringing users along.  
Therefore, one important aspect of evaluation is that of a qualitative nature.  Such tools that may help with undertaking this might be a FITT-E based evaluation (Prgomet et al., 2019).  This would incorporate and take on-board the views of multiple professions that the ePMA based CDS will support, allowing for multiple perspectives, that considers, the environment, the technology itself, the task that needs to be undertaken (and in this case how CDS will affect it) and the response and interaction of the individual using it.  This is important as whilst there seems to be a lot of literature on alert fatigue (Hussain et al., 2019), there seems to be limited research in terms of how a user might respond to certain CDS functions which might “throw” particular prompts at them.  Even an error message such as “invalid order” might deter a user from undertaking the correct action if the message itself does not direct or support them to take the necessary next steps.  Assessing the way the user responds to the system, the prompts or inbuilt confirmations would be helpful in understanding and informing further design.  Any evaluations around behaviour might wish to consider the principles of Michie et al. (2011) behavioral change wheel, which will also offer perspectives on implementation.
When considering whether the system is contributing to outcomes type data then a more quantitative approach might be needed.   For example, classifying and collating the number of ADRs and errors prior to and after implementation, such as in the studies reviewed.  There are several models that may be suitable depending on where and how the implementation takes place.  For example, a step wedge study, such as that undertaken by Franklin and Puaar (2020), which was more specific to ePMA as a whole and included limited decision support might be a good model to use to collect data when roll out to wards cannot be randomised; or an interruptive time series-based study, which captures changes in information that has been captured before CDS implementation and after may be suitable if there is an existing data set that may be affected is used.   However, if such historical data is not intentionally part of a pre-post study design, then there tends to be limited and sporadic historical data with regards to this.  Such data might include a comparison of medicines related incident reports.  
[bookmark: _Toc127881401]Summary of Evaluation
Therefore, the assessment and evaluation of CDS functionality within ePMA designed at reducing ADRs and medication errors would be a multi-faceted evaluation that would undertake:
· Qualitative Evaluation –
· SUS Scoring (Bloom et al., 2021)
· FITT-E Evaluation – that allows the SUS to be understood in context. (Prgomet et al., 2019)
· Observational study 
· Questionnaires – orientated around user experience.
· Interviews – for direct understanding, perspectives, and subsequent thematic analysis.
· Quantitative Evaluation – 
· Pre-Post – Using for outcome Indicators designed by consensus (Thomas et al., 2013),  and validated by Pontefract et al. (2018).
· Stepped Wedge Design – Similar to (Franklin and Puaar, 2020) however using same indicators validated by (Pontefract et al., 2018).
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