Applying micro-costing methods to estimate the costs of pharmacy interventions: an illustration using multi-professional clinical medication reviews in care homes for older people
Sach TH1, Desborough J2, Houghton J2, Holland R1, on behalf of the CAREMED study team

Running head: Micro-costing and pharmacy interventions [41 spaces]

Authors:
1Tracey Sach, Heath Economic Group, Norwich Medical School, University of East Anglia, Norwich, Norfolk, NR4 7TJ. Tel: +44(0)1603 592022. Email: t.sach@uea.ac.uk
2James Desborough, School of Pharmacy, University of East Anglia, Norwich, Norfolk, NR4 7TJ. Tel:   Email: J.Desborough@uea.ac.uk
2Julie Houghton, School of Pharmacy, University of East Anglia, Norwich, Norfolk, NR4 7TJ. Tel:   Email: J.Houghton@uea.ac.uk
1Richard Holland, Norwich Medical School, University of East Anglia, Norwich, Norfolk, NR4 7TJ. Tel:   Email: R.Holland@uea.ac.uk
Corresponding Author:
Tracey Sach, PhD, Reader in Health Economics, Health Economics Group, Norwich Medical School, University of East Anglia, Norwich Research Park, Norwich NR4 7TJ. Email: T.Sach@uea.ac.uk; Tel: +44(0)1603 592022



Abstract (words = 247)
Objectives
Economic methods are under-utilised within pharmacy research resulting in a lack of quality evidence to support funding decisions for pharmacy interventions. The aim of this study is to illustrate the methods of micro-costing within the pharmacy context in order to raise awareness and use of this approach in pharmacy research.

Methods
Micro-costing methods are particularly useful where a new service or intervention is being evaluated and for which no previous estimates of the costs of providing the service exist. This paper describes the rationale for undertaking a micro-costing study before detailing and illustrating the process involved. The illustration relates to a recently completed trial of multi-professional medication reviews as an intervention provided in care homes. All costs are presented in UK£2012. 

Key findings
In general costing methods involve three broad steps (identification, measurement and valuation), when using micro-costing closer attention to detail is required within all three stages of this process.  The mean (SD; 95% CI) cost per resident of the multi-professional medication review intervention was £104.80 (50.91; 98.72 to 109.45), such that the overall cost of providing the intervention to all intervention home residents was £36,221.29 (95% CI 32,810.81 to 39,631.77). 

Conclusions
This study has demonstrated that micro-costing can be a useful method, not only for estimating the cost of a pharmacy intervention to feed into a pharmacy economic evaluation but also as a source of information to help inform those designing pharmacy services about the potential time and costs involved in delivering such services.
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Introduction
The role of pharmacists has been expanding internationally but economic evidence to support expanding roles is limited and methodologically weak [1-3]. Economic evaluations are important to inform funding decisions but are only as good as the data upon which they are based. Economic evaluations depend upon good data about the resource use and costs of the intervention, wider resources affected by the intervention (e.g. impact on consultation rates to other professionals as a result of the intervention), and benefits. When new pharmacy services are evaluated evidence about the cost of providing the intervention may not be available if they are being designed or implemented in a novel way. Therefore, the most precise approach to estimating the costs of these new services or interventions is to employ micro-costing methods.
	In the literature on pharmacist-led medication reviews for older people, a review found only ten randomised controlled trials had been undertaken and, in addition, there was “a dearth of economic measurement and often inadequate descriptions of the interventions performed” [4]. All types of economic evaluation and cost analyses involve decisions about trade-offs between accuracy and practicality of data collection and analysis, providing the resulting assumptions and methods used are transparent this is acceptable as it allows studies to be reproduced to test findings. None of the economic evaluations on pharmacist-led medication reviews to date have used micro-costing methods to measure the intervention costs. For instance, Furniss et al [5] included 0.41 hours of pharmacist time in the intervention arm to cover the intervention cost without discussion of what resources were actually utilised in delivering the reviews (e.g. preparation and review). In another example, whilst the resources and costs included in the economic evaluation of the HOMER trial were more comprehensive (including Training cost, Review pharmacists fee, Adherence aid, Adherence aid filling costs per week, and Central administration) a decision was made to estimate the review costs using an expected average duration per patient rather than use the exact durations of review meetings to estimate the mean per patient cost meaning that the variability in intervention costs between patients was not estimated [6]. 
	There are a range of methods available to use when undertaking a costing study and these range from the most precise, micro-costing (also referred to as bottom-up costing), to the least precise, gross-costing (also referred to as top-down costing) [7,8]. Micro-costing involves detailed identification and measurement of all intervention inputs before quantifying them into monetary units. In contrast gross-costing is less precise, generalising resource use and cost over a whole health care setting or patient population so that only an estimate of typical cost is derived [7,9]. The process used to undertake a micro-costing of a pharmacy intervention is comparable to that undertaken in other health care settings. However, using micro-costing methods for a pharmacy intervention may be more achievable (less costly and time consuming) than for more complex non-pharmacy based interventions which involve multifaceted processes involving a large number of different resource items, services or time to deliver [10] such as interventions in the high cost intensive care setting [11].
 The importance of costing methodology and of sharing approaches to costing has begun to emerge more widely through initiatives such as the Database of Instruments for Resource Use Measurement (DIRUM) [12] and research illustrating methods [13, 14]. 	This paper specifically focuses on describing and illustrating the method of micro-costing, which is the most precise method available but as a consequence can be burdensome to undertake. This tension means that in practice studies may employ a combination of gross-costing and micro-costing methods, where the decision as to which to use is dependent upon the likely importance of the resource item and likely burden of collecting the associated data. Thus micro-costing would typically be used to cost the intervention, since this is a resource likely to differ significantly between treatment groups in a trial and for new interventions there may be no evidence available to inform assumptions about expected intervention costs. In the same study gross-costing may also be used to cost wider resource use changes that occur as a result of the intervention (for instance, changes in primary care consultations), for which there are published unit costs available to facilitate costing. Choice of costing methods has traditionally been considered by study investigators balancing the value of addressing the research question as accurately as possible against the feasibility of using a more intensive costing approach. However, recent research using value of information methods to inform the study design of economic evaluations has been conducted [15]. Whilst a detailed discussion of these methods is beyond the scope of this paper, it may be useful to note that value of information methods are based on a Bayesian statistical approach, and estimate the monetary value of undertaking further research and the value of using different research designs [16]. Choosing a less accurate costing approach, a more top-down approach, may increase the level of decision uncertainty and thus increase the probability of making a wrong decision about adopting an intervention or not. Value of information methods can compare the costs and benefits of using one costing process over the other and thus in future study design the choice of costing approach could be informed more formally by such analyses. However, value of information analyses are themselves currently time consuming and require a high level of expertise to conduct them.
Costing is only one methodological aspect of undertaking an economic evaluation and micro-costing is only one way of doing costing. It is however, important to consider since the quality of a cost analysis is as much an issue in conducting economic evaluations in pharmacy as benefit measurement which has started to receive greater attention [17]. In particular, De Rijdt T, et al [2] identified that in previous pharmacy studies included costs were of a limited scope, excluded the cost of employing a pharmacist, and lacked incremental cost analysis. A few micro-costing studies undertaken in the pharmacy context have been reported [18,19], however, these have primarily focused on dispensing activities and not the wider roles now undertaken by pharmacists [20]. 
Therefore, the aim of this paper is to outline the process and issues involved in conducting a micro-costing and illustrate this by way of an example of a micro-costing undertaken as part of an evaluation of a multi-professional clinical medication review service in care homes for older people. 

Methods
Multi-professional clinical medication reviews in care homes for older people (CAREMED)
The CAREMED study employed a cluster randomised controlled trial design where care homes were segmented according to size and resident mix and allocated to the intervention arm (15 homes) or control arm (15 homes) sequentially using minimisation. Intervention homes were randomised at time (T0), received a multi-professional medication review at time (T1) and at 6 months (time T2), with follow-up data collected at 12 months (Time T3).  With larger homes it was necessary to split the residents into two groups and to organise two medication review meetings at each time point.  There were a small number of cases where residents were not reviewed at the medication review meetings, because they were in hospital at the time of the meeting or because the resident’s GP was unable to attend the medication review meeting. Control homes received usual care (support they currently received from the National Health Service), with data collection at baseline and 12 months. The novelty of the intervention was that it was a review of medications by a multi-disciplinary team (GP, care home staff and clinical pharmacist) as opposed to pharmacy staff alone. The study was conducted in two counties in Eastern England (Cambridgeshire and Norfolk) in collaboration with the primary care Medicines Management Teams. The primary outcome measures were number of falls and potentially inappropriate prescribing (STOPP criteria, [21]). Secondary outcome measures included medication costs, health care resource use, hospitalisations and mortality. The null hypothesis proposed no difference in primary outcomes between intervention and control residents. More details of the study design can be found in the published protocol [22]. 
	In this example, a micro-costing analysis attempts to identify, measure and value each input into the provision of multi-professional medication review service from set-up through delivery and finally to follow-up at the level of the individual participant in the study. Had literature already been published on the costs of providing multi-professional medication reviews it might have been possible, given a similar study demographic and provision, to use the mean cost of the intervention from the published literature rather than undertake a detailed micro-costing study. However, such literature did not exist and this intervention was novel making a micro-costing approach a sensible approach to cost the intervention in this study.

Process of micro-costing
There are three widely accepted stages involved in undertaking any type of cost analysis: identification, measurement and valuation [9, ch.6].  In addition we consider when it might be useful to include some sensitivity analysis and how to report costs. We describe each stage in general and illustrate how the stage was approached within CAREMED before moving to the next stage.

Stage 1: Identification of the resource items that need capturing
The first step in any type of costing methodology is the identification of the resource items that need capturing in the analysis. One useful way to do this is by mapping out a workflow of the pharmacy service or care pathway of interest so that at each stage of the service the likely resource items incurred can be identified and categorised by type of resource. Each resource could be categorised in a number of ways, for example, by sector (primary, community or secondary care) or by whether it is a fixed or variable resource/cost (where variable means the resource use/cost increases as output (e.g. number of patients seen) increases, whereas a fixed resource stays constant regardless of output) [23, p.65]. Which resource items are included will depend on the perspective of the study which is likely to reflect the study question, who the results of the study are aimed at or who funded the study. If the purpose of the analysis is to inform roll out of the service it is generally appropriate (if these resources truly do not affect the outcomes achieved) to exclude research resources and costs, that is those resources that are incurred in conducting the research but that would not be incurred were the intervention rolled out into practice.  At the end of the identification stage a researcher should have a clear, detailed and justifiable list of which resources will be included or excluded.
The perspective taken in identifying resource use and costing the multi-professional medication reviews in the CAREMED trial was that of the provider, here the NHS. Residents were not directly involved in the review process and did not incur any costs in the provision of the intervention. Figure 1 shows the process used to undertake the multi-professional medication reviews; by looking at this and discussing it with the professionals involved the resources used to deliver the intervention could be identified. It shows that there were five broad steps to the medication review process (although some processes were repeated in a small number of care homes where the need arose). The first step undertaken by a pharmacy technician and/or the clinical pharmacist was to set up the medication review meeting by liaising with the care home and GP practice. In the second step the pharmacy technician undertook data extraction at the GP surgery prior to the medication review.  This preparation included extraction of medical history, medications data and latest test results and completion of paperwork (individual resident medication review - MR1 - forms).  The MR1 forms were passed to the clinical pharmacist for review (step 3) ahead of the medication review meeting at the care home.  The pharmacist reviewed the information prior to the meeting and identified suggested changes to medication or items for discussion. 
The fourth step was to hold the multi-professional medication review meeting at which each resident’s medical history and medication was discussed. These meetings were held at the care home, with the exception of one meeting held at a GP surgery. Medication review meetings were attended by the relevant GP(s), care home staff (manager and/or deputy manager, and/or senior carer/nurse), clinical pharmacist and pharmacy technician from the Medicines Management Team (MMT). A pharmacy technician did not attend every meeting. Of the 15 care homes, six were large enough to justify holding two separate first review meetings in order to enable enough time to discuss each individual resident in a meaningful way.  The meeting consisted of a review of each individual resident and some discussion of general issues arising out of the individual discussion. Each resident was reviewed at one meeting at each time point (T1 and T2), with the exception of one resident in a larger care home who was discussed at two first review meetings due to their additional needs.  The pharmacists and pharmacy technicians recorded agreed changes to medication and other review actions on the MR1 forms during the meetings, with the exception of two care homes where the GPs entered agreed medication changes on to patient records (via a lap top) while at the medication review meetings. The final step (Step 5) involved the pharmacy technician following up the meeting to ensure all action points and medication changes were implemented. In Norfolk the pharmacist or pharmacy technicians updated GP records with agreed changes whilst in Cambridgeshire the pharmacy technician mainly provided the care home and GP with a paper summary of the agreed changes. As noted above at two homes the GP entered changes onto patient records during the meeting so no additional follow-up work was necessary. This process was repeated for review meeting two which discussed the same residents still alive or living at the care home again six months after the initial medication review meeting. One resident was discussed at two second review meetings due to their additional needs.   As a result of losses to follow-up and new admissions to the home, some non-study residents were reviewed but excluded from the costings.  This was more of an issue at the second medication review stage. We also excluded research related costs that would not occur were the service to be rolled out in practice, these were minimal in this study.
Table 2 lists the resources identified for the multi-professional medication review intervention. We did not collect the time taken by the GP administrator to arrange the GPs attendance at the medication review meeting because the cost would be negligible and it would have taken more time to ask and explain how we wanted them to record this time than the actual call time would have taken. We also did not include any pharmacist/pharmacy technician training, see discussion for details.

Stage 2: Measuring the quantity of resources used
The process to measure the resources used very much depends on what type of resource is of interest and the methods being employed in the wider study. How (e.g. time and motion methods, medical records, diaries or questionnaires) and who (e.g. an independent observer or self-complete by the professionals involved) measures the resource use has to be considered and reasons for choices should be reported. At the end of this stage a researcher should have identified how and who will capture and measure each resource use item.

Staff time and costs in CAREMED
Staff involved in delivering the intervention recorded the time spent on all activities shown in figure 1 and with the exception of 3 review meetings (two first review meetings (resident timings available for some residents) and one second review meeting) the time spent discussing individual residents was recorded and used to apportion the staff costs for each review meeting to individual residents. For those residents with missing individual timings (12 residents at the first review meeting and 6 residents at the second review meeting) the total meeting time was divided by the total number of residents discussed to provide a mean time per resident. Meeting times were recorded by the trial manager or by the staff involved in the process. Pharmacy staff recorded time spent on the other activities in the review process shown in figure 1 themselves. 

Travel time and costs in CAREMED
Travel time costs and travel costs were estimated for all professionals attending meetings. Rather than ask professionals to record their own travel times and distance, which would have been the ideal but burdensome, we used estimates of distance and time taken to travel to and from meetings using workplace and meeting postcodes to gain mileage and time estimates from the AA route planner website (http://www.theaa.com/route-planner/index.jsp. Archived at http://www.webcitation.org/6MzRhaZjR on 29th January 2014). Although this may slightly underestimate the travel time, since journeys may not have been made under the same traffic conditions as those recorded by the AA nor would they have included the time to get from the desk to the car, we were already asking the professionals to capture a lot of data with respect to the intervention and felt on balance this was only a slight compromise.  

Other costs in CAREMED
Although the rooms used to hold the review meetings were all within the care homes (with the exception of one which took place at a GP surgery), there is an opportunity cost attached to using the room for the reviews in that the room cannot be used for alternative purposes and therefore the total time spent in the review meeting was recorded. 

Stage 3: Valuing the resource utilisation to undertake a cost analysis
This stage involves attaching a monetary value to the quantities of resources measured in stage 2. Thus the quantities of resources measured are multiplied by a monetary unit cost in order to estimate mean and total cost. In micro-costing this is usually done using unit costs based on local finance data but it can be argued that this makes the costing context specific and less generalisable such that the application of unit costs from published national data sources (such as NHS reference costs) may be justifiable. At this stage it is often necessary to make assumptions and where these are needed they should be described transparently alongside the analysis to allow users of the analysis to assess the validity of those assumptions in their own context. At the end of this stage a researcher should have costed all resources and have a detailed list of the assumptions made during the process. The unit costs (and their source) used should be reported in the final report or paper along with details of the currency, price year and any adjustments (for currency conversion or inflation) made to the unit costs.   

Staff time and costs in CAREMED
The source of unit costs for staff involved in delivering the intervention is shown in table 1. We recorded details of the pay band of staff and used the midpoints of these scales to avoid disclosure of individual staff members’ salaries. Annual gross rates (assuming professionals work 42 weeks a year after annual leave and sick leave, and 37.5 (41.4 for GP) hours per week [24]) were converted into per minute rates to enable the staff costs to be attributed to individual residents. All staff unit costs were inflated by 25% to take account of salary on-costs faced by employers.
The staff costs associated with the review meetings was attributed to residents in two ways. Total time of meeting was broken down into time periods i) time spent reviewing individual residents (with individual timings recorded) and ii) time spent discussing general medication issues (non-resident specific issues). Having estimated a staff cost per minute of meeting, this was multiplied by the length of time an individual resident was discussed in order to ascertain (i) and added to an average staff cost estimated as the total staff cost spent discussing general issues divided by the total number of residents reviewed at the meeting. 

Travel time and costs in CAREMED
A mileage rate of 45 pence per mile was used. Time and travel costs are presented separately from the time costs attached to the processes shown in figure 1 in the results section to reflect the fact that they are not variable costs. Whilst staff costs involved in the process of undertaking the reviews are variable, that is they increase as the number of residents reviewed increases, the costs associated with travel at the various stages of the review process are fixed, in that the same cost would be incurred no matter how many residents were being reviewed.

Other costs in CAREMED
A unit cost of £15 per hour was used to cost time spent using the room for a review meeting, estimates on room hire rates in Norfolk were found to vary from £7 for a small meeting room in a council office to £20 for a training room at a care provider via searching the web. 

Mean per resident cost in CAREMED
Mean per resident cost was estimated by summing i) individual attributable meeting costs, ii) mean general meeting cost per resident, iii) mean staff travel cost per resident, and iv) mean staff travel time cost per resident. The standard deviation and 95% confidence interval are also presented in order to indicate the dispersion and plausible range of values around the mean cost per resident.

All costs are presented in UK pounds sterling in 2012 prices and are not discounted given a time horizon of 6 months for delivery of the intervention.

Results
Stage 4: Presenting the results of a micro-costing
Since micro-costing methods can be applied differently in different settings and to address distinct questions reflecting differing analytical perspectives, it is important that results are presented in enough detail to permit the research user to understand how decisions were made about the methods employed and to enable replication of the study. The aim is to present the detailed cost analysis in a way that is useful to those who may wish either to use the results to inform an economic evaluation or to commission such a service. It is generally useful to present overall total cost estimates alongside more disaggregated presentations of the costs estimated for the different elements of the service. As with all the stages involved in a micro-costing this will depend on the purpose, scope and methods used. 
Results of CAREMED
Review meeting 1 involved discussing an average of 16.62 (sd 6.05; min: 9, max: 30) residents per meeting compared to an of average 13.84 (sd 6.12; min: 6, max: 24) residents in review meeting two, reflecting death and loss to follow up where a person may have moved care home.
The mean (SD; 95% CI) cost per resident of the multi-professional medication review intervention was £104.80 (50.91; 98.72 to 109.45) including all residents even the 86 who died or dropped out before the second review meeting, such that the overall cost of providing the intervention to all intervention home residents (n=348) was £36,221.29 (95% CI 32,810.81 to 39,631.77).  See tables 3 and 6 for the breakdown of mean per resident costs by steps of the medication review process shown in figure 1 and the travel time and travel costs associated with each step. The travel costs are presented separately because they are fixed costs (unlike table 3 which are variable costs).
The mean (SD; 95% CI) cost per resident of the first multi-professional medication review meeting was £61.36 (27.78; 58.44 to 64.29)(n=348). See tables 4 and 7 for the breakdown of mean per resident costs by steps of the medication review process (table 4) and the travel time and travel costs associated with each step (table 7).
The mean (SD; 95% CI) cost per resident of the second multi-professional medication review meeting was £56.74 (24.83; 53.30 to 60.19)(n=262). See tables 5 and 8 for the breakdown of mean per resident costs by steps of the medication review process and the travel time and travel costs associated with each step, respectively.

Stage 5: Undertake a sensitivity analysis
Sensitivity analysis enables the impact of any assumptions on the final estimates to be tested and/or provides the opportunity to present the costs of the service were it to be implemented in a different context. For example, if local estimates of unit costs were used in the main base case analysis, the analysis could be re-run using published national unit costs in order to see whether this impacts on the magnitude of cost estimates and to make the results more generalisable. At the end of this stage a researcher will have explored the uncertainty in their analysis with regard to the context and be able to discuss the impact of this on their results.
In CAREMED travel time in Cambridgeshire was artificially inflated due to the way in which the intervention was delivered.  As a result of personnel constraints within the local Medicines Management Team, the clinical pharmacists and pharmacy technician travelled further than would generally be expected for this model of service delivery (i.e. the model anticipated that the work would be undertaken by clinical pharmacists/pharmacy technicians who worked in the local area). To test the impact of this on cost estimates a sensitivity analysis was undertaken replacing clinical pharmacist and pharmacy technician travel times and costs in Cambridgeshire to those of their nearest MMT home base according to the location of the care home. As expected, adjusting for this reduced mean (SD; 95% CI) cost per resident of the multi-professional medication review intervention to £96.36 (44.94; 91.61 to 101.07) including all residents even the 86 who died or dropped out before the second review meeting, such that the overall cost of providing the intervention to all intervention home residents (n=348) was £33,532.22 (95% CI 31,883.48 to 35,180.97).  The total travel time and costs fell by £2,689.06 (a 28.73% reduction) from £9,360.60 to £6,671.54 for the two review meetings.  It is also possible to conduct further sensitivity analyses on the unit costs used to value personnel time delivering the intervention, although since we do not have any specific reason to believe these to be higher or lower than those used and in the interest of space we do not present such further analyses. The information necessary to do this is provided in tables 1 to 5, and presenting the information in this way also enables research users to re-estimate the costs for their own context.

[bookmark: _GoBack]Discussion
The study demonstrates that it is feasible to use micro-costing methods in the pharmacy context and that by doing so cost estimates may be more accurate and useful in forming the design and implementation of pharmacy services. Micro-costing can be applied differently in different contexts but the broad stages identified in this paper should be adequately considered when designing and reporting such a study. Guidelines on how to report economic evaluations also include criteria for how to report costings, for instance the Drummond and Jefferson [25] guidelines require that (i) quantities of resources be reported separately from the unit costs of those resources; (ii) methods for the estimation of both quantities and unit costs should be reported, and (iii) the currency and price date should be reported, as well as details of any adjustments made for inflation or currency conversion. Considering such guidelines at the design stage of a study can help ensure that the correct data is recorded in a format that will facilitate the presentation of cost results in adherence with these and other guidelines. Micro-costing is a better approach than top-down costing because it potentially reduces the uncertainty around cost estimates. Results from a micro-costing study of an intervention can be combined with changes in wider costs resulting from implementation of the intervention in order to estimate whether changes in wider resource use offset the costs of providing the intervention. Therefore, the analysis is instrumental to the undertaking of a full incremental economic evaluation.
	The main strength of this study is that it designed and undertook a micro-costing analysis from inception of the study, thereby enabling the necessary preparation and support for the process.  This is the first time these methods have been used to estimate the cost of a multi-professional medication review intervention. The intervention in this trial was not found to be clinically superior to usual care in terms of the number of falls between groups, although it did result in significant improvements in the STOPP criteria [21] a joint primary outcome. The wider NHS costs (estimated using individual level resource use data multiplied by published national reference costs, a more top-down approach) were also estimated to be higher for the intervention group (thus not offsetting the intervention costs). The aims of this paper have been to outline and illustrate the process and feasibility of undertaking a micro-costing study within the pharmacy/care home context, the results themselves may be less useful in clinical practice given the review service model employed in the intervention is unlikely to be rolled out in exactly the same format.
	A further limitation of the illustration was the exclusion of training costs. The clinical pharmacists employed within the trial were all experienced (band 7 and held a post graduate diploma) in doing medication reviews in care homes (albeit in a slightly different format), so did not need to have any training. Were any training necessary this would most likely have involved observation and mentoring but since we did not have any data upon this within the study or any information to inform a reasonable assumption about what might happen in practice we excluded training costs. The same issue existed for technicians, who receive significant amounts of training and support when they first start in primary care, but once established in post would usually be able to carry out the tasks required within this intervention and so again we did not observe any training costs for technicians within this study. Some published unit costs for staff time capture a general training cost element (e.g. for GPs [20]) which could be used to capture some element of training cost. However, this is less than ideal approach and this information could not be found for pharmacists or pharmacy technicians.
To improve pharmacy research we recommend that researchers more commonly consider using a micro-costing method, as such an approach can  enable more accurate cost estimates to inform economic research and help inform practice with respect to the likely resource and cost impact of providing a particular intervention. Clearly the advantages of using micro-costing methods have to be balanced against the feasibility (and cost) of data collection. 

Conclusion
This study has highlighted that micro-costing is a feasible and useful method, not only for estimating the cost of a pharmacy intervention to feed into a pharmacy economic evaluation but also potentially as a source of information to help inform those designing pharmacy services about the potential time and costs involved in delivering such services. 
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Figures

Figure 1: Multi-professional medication review process


Review meeting 1 (Time 1: around 70 days post-randomisation)





Review meeting 2 (Time 2: 6 months)



NOTE: Shaded boxes indicate a second repeat stage needed for some but not all care homes





TABLES
Table 1: Staff costs for time spent on multi-professional medication reviews
	Professional
	Unit cost (UK£2012)
	Source

	General Practitioner  ~
	£1.29
	Curtis, 2012
http://www.pssru.ac.uk/archive/pdf/uc/uc2012/full-with-covers.pdf
Archived at: http://www.webcitation.org/6MzRLPvAo on 29th January 2014


	Senior/Pharmacy Technician*~
         Grade 5 (per minute)
         Grade 6 (per minute)
	 
0.32
0.39
	NHS pay scales for 2012: Pay Circular (AfC) 2/2012. http://www.nhsemployers.org/Aboutus/Publications/PayCirculars/Pages/PayCircularAforC22012.aspx
Archived at: http://www.webcitation.org/6MzRRQ1il on 29th January 2014


	Clinical Pharmacist*~
         Grade 7 (per minute)
         Grade 8a (per minute)
         Grade 8c  (per minute)
	 
0.47
0.57
0.81
	NHS pay scales for 2012: Pay Circular (AfC) 2/2012. http://www.nhsemployers.org/Aboutus/Publications/PayCirculars/Pages/PayCircularAforC22012.aspx
Archived at: http://www.webcitation.org/6MzRRQ1il on 29th January 2014


	Care home staff (all per minute)^~
         Registered manager
         Manager supervisor
         Registered nurse
         Senior care worker
         Care worker
	 
0.45
0.39
0.32
0.21
0.17
	NMDS-SC September 2011 dataset
http://www.skillsforcare.org.uk/NMDS-SC-intelligence-research-and-innovation/NMDS-SC/Workforce-intelligence-publications/The-state-of-the-adult-social-care-sector-and-workforce-in-England,-2012.aspx
Archived at: http://www.webcitation.org/6MzSY0YLs on 29th January 2014
Inflated to 2012 prices using HCHS pay index

	NOTES: 
* Annual midpoints of the scale were used 
~ divided by 42 weeks then divided by 37.5 hours (except GP divided by 41.4 hours)  and then divided by 60 to get a per minute unit cost.
 ^ The rate used was for care homes with nursing but rates for homes without nursing care were the same except for registered manager and care worker. 
All unit costs were inflated by 25% to take account of salary on-costs faced by employers.
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Table 2: Personnel and resources involved in multi-professional medication review process

	Review meeting 1

	Review meeting 2

	Meeting set up
	Meeting set up

	· Pharmacy technician/ Clinical Pharmacist
· Phone call
· GP administrator time for phone call

	· Pharmacy technician/Clinical Pharmacist
· Phone call
· GP administrator time for phone call 

	Data extraction
	Data extraction

	· Pharmacy technician
· Travel time and cost

	· Pharmacy technician
· Travel time and cost

	Data extraction 2
	Data extraction 2

	· Pharmacy technician
· Travel time and cost

	· No second data extraction for review 2

	Preparation
	Preparation

	· Clinical Pharmacist

	· Clinical Pharmacist

	Preparation 2
	Preparation 2

	· Clinical Pharmacist

	· Clinical Pharmacist

	Meeting
	Meeting

	· Clinical Pharmacist
· Pharmacy technician (not always present)
· GP(s)
· Care home staff (manager and/or deputy manager, and/or senior carer/nurse)
· Travel time and cost for all except care home staff
· Meeting room

	· Clinical Pharmacist
· Pharmacy technician (not always present)
· GP(s)
· Care home staff (manager and/or deputy manager, and/or senior carer/nurse)
· Travel time and cost for all except care home staff
· Meeting room

	Follow-up
	Follow-up

	· Pharmacy technician
· Clinical Pharmacist
· Travel time and cost

	· Pharmacy technician
· Clinical Pharmacist
· Travel time and cost

	Follow-up 2
	Follow-up 2

	· Pharmacy technician/ Clinical Pharmacist 
· Travel time and cost
	· Pharmacy technician/ Clinical Pharmacist 
· Travel time and cost









Table 3: Total multi-professional medication review meeting timings and cost for review meeting 1 and 2 (UK£2012)
	 
	Meeting set up
	Data 
extraction 1
	Data extraction 
2
	Preparation 1
	Preparation 2
	Meeting
	Follow-up 1
	Follow-up 2

	Mean (median/SD) time per resident (Mins)
	4.05
(3.67/3.13)
	53.96
(30.99/41.75)
	3.36
(0/8.55)
	13.28
(12.51/6.71)
	2.24
(0/4.70)
	12.25
(10.94/6.53)
	24.09
(21.82/13.92)
	4.66
(0/8.13)

	Min, Max time per resident (mins)
	0, 16.15
	0, 167.35
	0, 31.25
	3, 27.5
	0, 18.46
	1, 44.87
	0, 68
	0, 26.25

	Total time (Hours)
	23.50
	312.97
	19.50
	77.00
	13.00
	71.07
	139.75
	27.00

	Mean (median/SD) cost per resident
	1.52
(1.57/1.01)
	17.61
(10.01/13.63)
	1.09
(0/2.78)
	7.33
(6.68/3.62)
	1.20
(0/2.57)
	38.10
(32.74/22.24)
	8.55
(7.58/4.33)
	1.77
(0/3.32)

	Min, Max cost per resident
	0, 5.25
	0, 54.35
	0, 10.15
	1.77, 18.88
	0, 10.60
	2.54, 124.32
	0, 21.24
	0, 15.07

	Total cost
	527.50
	6128.80
	380.00
	2552.56
	419.15
	13259.38
	2976.86
	616.44





Table 4: Multi-professional medication review meeting 1 timings and cost (UK£2012) (n=348)
	 
	Meeting set up
	Data 
extraction 1
	Data extraction 
2
	Preparation 1
	Preparation 2
	Meeting
	Follow-up 1
	Follow-up 2

	Mean (median/SD) time per resident (Mins)
	1.94 (1.67/1.27)
	26.83
(16.67/19.59)
	3.36
(0/8.55)
	8.30
(6.92/4.00)
	1.38
(0/3.91)
	7.66
(6.92/4.26)
	13.75
(10.00/8.52)
	2.07
(0/5.68)

	Min, Max time per resident (mins)
	0, 6.15
	0, 72.5
	0, 31.25
	3, 15
	0, 18.46
	0.65, 26.36
	0, 35
	0, 20

	Total time (Hours)
	11.25
	155.63
	19.5
	48.17
	8
	44.45
	79.75
	12

	Mean (median/SD) cost per resident
	0.72
(0.76/0.42)
	8.82
(5.41/6.61)
	1.09
(0/2.78)
	4.52
(4.41/1.97)
	0.78
(0/2.23)
	24.47
(20.17/16.47)
 
	4.88
(3.71/2.78)
	0.72
(0/1.89)

	Min, Max cost per resident
	0, 2.00
	0, 25.46
	0, 10.15
	1.77, 10.79
	0, 10.60
	1.81, 89.82
	0, 11.69
	0, 6.50

	Total cost
	250.28
	3067.94
	380.00
	1573.05
	273.02
	8516.06
	1698.22
	250.72

	Number of medication review meetings
	19
	20
	2
	21
	3
	21
	20
	2


Table 5: Multi-professional medication review meeting 2 timings and cost (UK£2012) (n=262)
	 
	Meeting set up
	Data 
extraction 1
	Data extraction 
2
	Preparation 1
	Preparation 2
	Meeting
	Follow-up 1
	Follow-up 2

	Mean (median/SD) time per resident (Mins)
	2.81
(2.31/2.08)
	36.03
(17.14/29.42)
	-
	6.60
(5.45/4.22)
	1.15
(0/2.97)
	6.10
(5.16/3.31)
	13.74
(14.12/8.50)
	3.44
(0/7.05)

	Min, Max time per resident (mins)
	0.63, 10
	52.9, 146.5
	-
	1.25, 20
	0, 10
	1.13, 20.95
	4, 48
	0, 26.25

	Total time (Hours)
	12.25
	157.33
	-
	28.83
	5
	26.62
	60
	15

	Mean (median/SD) cost per resident
	1.06
(0.95/0.63)
	11.68
(5.57/9.36)
	-
	3.74
(3.17/2.57)
	0.56
(0/1.41)
	18.10
(15.77/10.62)
	4.88
(4.58/2.38)
	1.40
(0/3.16)

	Min, Max cost per resident
	0.29, 3.25
	1.72, 32.12
	-
	1.01, 11.48
	0, 4.65
	3.09, 98.97
	1.86, 12.99
	0, 15.07

	Total cost
	277.22
	3060.86
	-
	979.50
	146.13
	4743.32
	1278.65
	365.72

	Number of medication review meetings
	19
	19
	0
	19
	2
	19
	19
	4



Table 6: Total travel time and costs associated with the relevant parts of the medication review process for review meeting 1 and 2

	 
	Data extraction 1
	Data extraction 2
	Meeting
	Follow-up 1
	Follow-up 2

	

	Mean (median/SD) Travel time per resident (minutes)
	6.85
(5.98/5.28)
	0.34
(0/0.84)
	17.35
(16.33/11.98)
	6.76
(5.11/5.48)
	0.96
(0/2.08)

	Total travel time (hours)
	39.73
 
	1.97
	100.65
	39.23
	5.59

	Mean (median/SD)  Travel time cost per resident
	2.44
(1.94/1.90)
	0.16
(0/0.37)
	10.40
(10.13/6.81)
	2.26
(1.78/1.76)
	0.41
(0/0.75)

	Total travel time cost
	849.42
	54.79
	3619.68
	785.43
	141.34

	Mean (median/SD) travel cost per resident
	1.74
(1.62/1.44)
	0.08
(0/0.23)
	4.43
(2.53/3.41)
	1.67
(1.31/1.51)
	3.31
(0/7.97)

	Total travel cost
	604.8
	29.07
	1543.14
	581.31
	1151.62

	Total travel time cost and travel cost
	1454.22
	83.86
	5162.82
	1366.74
	1292.96















Table 7: Travel time and costs associated with the relevant parts of the medication review process for review meeting 1

	 
	Data extraction 1
	Data extraction 2
	Meeting
	Follow-up 1
	Follow-up 2

	

	Mean (median/SD) Travel time per resident  (minutes)
	3.49
(3.67/2.45)
	0.34
(0/0.84)
	9.39
(8.22/5.87)
	3.06
(2.48/2.47)
	0.18
(0/0.52)

	Total travel time (hours)
	20.23
 
	1.97
	54.43
	17.73
	1.05

	Mean (median/SD)  Travel time cost per resident
	1.34
(1.19/1.24)
	0.16
(0/0.37)
	5.50
(5.38/5.06)
	1.05
(1.15/0.79)
	0.15
(0/0.40)

	Total travel time cost
	467.21
	54.79
	1950.44
	364.25
	53.00

	Mean (median/SD) travel cost per resident 
	0.90
(0.68/0.74)
	0.08
(0/0.23)
	2.33
(1.83/1.53)
	0.75
(0.46/0.71)
	3.11
(0/8.01)

	Total travel cost
	312.12
	29.07
	809.46
	259.29
	1081.06

	Total travel time cost and travel cost
	779.33
	83.86
	2724.90
	623.54
	1134.06














Table 8: Travel time and costs associated with the relevant parts of the medication review process for review meeting 2

	 
	Data extraction 1
	Data extraction 2
	Meeting
	Follow-up 1
	Follow-up 2

	

	Mean (median/SD) Travel time per resident (minutes)
	4.47
(2.83/3.62)
	-
	10.58
(9.87/7.39)
	4.92
(3.00/3.86)
	1.04
(0/2.33)

	Total travel time (hours)
	19.50
 
	-
	46.22
	21.50
	4.53

	Mean (median/SD)  Travel time cost per resident
	1.46
(0.92/1.18)
	-
	6.50
(6.46/4.27)
	1.61
(0.97/1.26)
	0.34
(0/0.76)

	Total travel time cost
	382.21
	-
	1704.24
	421.19
	88.34

	Mean (median/SD) travel cost per resident 
	1.12
(0.88/1.01)
	-
	2.80
(2.43/2.32)
	1.23
(0.88/1.09)
	0.27
(0/0.68)

	Total travel cost
	292.68
	-
	733.68
	322.02
	70.56

	Total travel time cost and travel cost
	674.89
	-
	2437.92
	743.21
	158.90
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