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Abstract: The relocation of health facilities is often a contentious matter, as different stakeholders compete for favourable locations of what may be scarce resources. Mathematical modelling can provide support to decision making which might otherwise be based solely on ground-level considerations such as finding suitable premises. This paper presents experiences of modelling of situations affecting UK PCTs (Primary Care Trusts) of both choice of location for new facilities and relocation of existing services to a new site. 
1 Introduction

There is always a need to evaluate whether healthcare resources are deployed in the best manner to meet the needs of any given population, and the current climate for healthcare provision brings no exception. Assumptions made in past years about where services should be located, whether concentrated in hospitals or dispersed in communities, are being rethought (NHS 2007).  Sometimes the move may be towards greater centralisation of specialised facilities. At the same time, services which may have been provided only in hospitals or only in few specialised situations, might be multiplied into diverse locations.
The location of new health facilities or relocation of existing services in a community must of necessity take a variety of factors into account. The funding body has the need to consider questions of ground-level suitability for where physically to locate a facility, as well as to take an overall planning perspective.  There may be conflicting objectives of how to serve the local population efficiently, while giving a fair distribution of services, particularly taking into account those living in dispersed settlements and pockets of deprivation. Furthermore, the geographical siting of new facilities must be considered in relation to the location of existing facilities, whether at hospital or primary care level.
Long-term sustainability of any facility is of paramount importance, to avoid wasting the original investment and, for those living in deprived areas, to avoid removing an appreciated service from a community. A service may continue only if there is seen to be sufficient continuing demand.
UK PCTs (Primary Care Trusts) are currently faced by various different situations where location or relocation of facilities is needed. Some services previously offered only at hospital level are now under consideration for relocation into the community, under the care of GPs (General Practitioners). Several competing interests may thereby be affected, as responsibility changes for services provided and patient access is altered. Relocation of existing hospital services to new sites, with upgraded buildings and improved patient pathways, causes changes to existing patterns of demand. Importantly, there are financial implications for the authorities responsible for making payments to those providing services. In areas of closely-packed metropolitan boroughs, there may be trade-offs to consider between the costs shouldered by any one authority and the neighbouring trusts.

This paper presents experience of location modelling to aid decision-making in the situations of locating new community facilities and relocating existing hospital services. Firstly, in Section 2, we describe the modelling carried out in the location of community polyclinics in a county of northern England. Secondly, in Section 3, a description is given of the analysis carried out in preparation for the move of hospital services across a northern English city to new premises. A conclusion is given in Section 4.
2 Location of polyclinics in Leeds
We describe the application of our location models as a case study on behalf of the ``Making Leeds Better'' (MLB) programme. MLB brought together all the main health and social services organisations in Leeds to facilitate improvements to care services throughout the City of Leeds metropolitan borough. Relocation of hospital facilities was a major part of future strategy.  Part of the programme's vision was to see more care and treatment closer to home, with modern facilities located in the community. It was in this context that the provision of extended GP surgeries, known as polyclinics, was under consideration. A number of services supplied at hospital level under consultant supervision were under consideration for transfer to the community at such community-located clinics, with referral to the hospital only where necessary. For example, GP-requested X-rays might be available in future only at a clinic, along with a number of other diagnostic and treatment functions. Figure 1 shows the extent of Leeds, with PCT (Primary Care Trust) boundaries (now amalgamated into one PCT). Locations of existing PCT and Leeds Teaching Hospitals Trust (LTHT) sites are marked on the map: these are potential polyclinic locations.
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Figure 1: Candidate locations for polyclinics
Possible locations for polyclinics in Leeds were investigated using the HiMi-PMP_Eq and HiMi-MCL-Eq efficiency/equity location models (Smith et al. 2006).  The objectives modelled relate to both efficiency and equity or fairness of provision of healthcare services. Alternatives are available for either maximisation of population covered, weighted by population characteristics, or minimisation of total travel distances, again population weighted. Referral distances between hierarchical levels of healthcare systems can also be taken into account, with locations at different levels.
Clearly, decisions to be taken about the locations of such polyclinics within the community are of great importance and are likely to be contentious. It is important that, in general, patients should have have easier journeys to polyclinics than to current hospital outpatients clinics. Exceptions to this desired aim will be unavoidable, though it is hoped to minimise such circumstances. Equity of travel distance to polyclinics is thus of interest, as well as overall efficiency of operation. Equity objectives as well as efficiency objectives were therefore used in our modelling.
2.1 Model runs for location of polyclinics
A number of model runs were undertaken to demonstrate the effects of different scenarios. These were based on:

· choice of objective function
· total distance; 

· maximum cover;

· equity.

· different proxies for likely polyclinic demand;

· alternative sets of potential facility locations.
Postcode sectors (i.e. areas described by postcodes with the last two letters omitted) were used as the basic division of the City of Leeds borough for the purposes of estimating demand. The assumption was made that demand is concentrated at one central point, or centre of gravity, in each sector. A balance has to be struck here between accuracy of demand estimation, convenience and time to compute scenarios. Leeds is made up of 114 postcode sectors: demand by postcode sector gives ease of input using data available to MLB. Calculation times of less than one minute were achieved, thus enabling `live' demonstrations of results to MLB. To increase the number of demand nodes to that of individual postcodes in the area would be punitive in computing cost, and would significantly reduce the possible scenarios that can be run.
The primary basis for predicting demand is population per postcode sector, weighted by ASTRO-PU (Age, Sex, and Temporary Resident Originated Prescribing Unit). ASTRO-PU is a weighting structure used to weight populations served by general practitioners. The system is designed for use in budgeting prescribing costs (Roberts and Harris 1993), which are shown to be affected by population demographics. ASTRO-PU weighting of population is thus likely to give improved prediction of clinic usage than population alone. Our modelling is able to allow for known local variations, although this was not requested in the current study.
The MLB team was interested in several different sets of potential facility locations, relevant to current relocation of hospital facilities. One set covers all 59 sites currently in use for primary healthcare services, as well as some primary sites that have extra facilities attached. Some of these sites were considered to be difficult for renovation to polyclinic status, and so a preferred subset of 13 sites was also tested. Runs are also carried out with a fixed facility at one particular site, and with another site removed from the sets.
Several distance measures are considered for the area, which covers a mixture of rural and urban regions, and mixed use of transport by the health facility users. Euclidean measures are not of particular use. The viable alternatives available are measuring distance either along a representation of the road network or along bus routes: the latter is considered preferable by MLB. A more ideal would be to represent the number of buses used for travel in any journey to a community health facility.
2.2 Results

An example of the visual output is given in Figure 2 with rectangles representing demand at postcode sector centres and optimal locations circled. Bus routes are shown along which distance is measured. [image: image2.wmf]
Figure 2: Sample output showing optimal location of 3 polyclinics in a network of bus routes.
Figure 3 shows optimal locations of 3 facilities to give maximum cover within 3 miles.Figure 3: Sample output showing optimal location of 3 polyclinics in a network of bus routes.
The range of models available with both efficiency and equity objectives was demonstrated to be a useful tool for comparison of a number of different scenarios. Model runs are reported of less than 1 minute with 114 postcode sectors and up to 59 candidate locations, even using complete enumeration to find optimal locations. This enabled demonstration runs to take place with MLB executives suggesting desired scenarios to test. This heightened credibility of the model, as resulting locations could be displayed using the Visual C++.NET screen output. Results were seen to be valid: one polyclinic location that has been suggested as desirable on the ground was frequently an optimal location for 3-facility scenarios.
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Figure 3: Optimal location of 3 polyclinics with maximum cover within 3 miles, network distances. Unshaded rectangles show uncovered demand.

3 Relocation of hospital services in Derbyshire
Derbyshire County PCT was reviewing the implications for patient travel distance and time of the major hospital in Derby moving its main emergency and elective site 3 miles to the south-west. The activity to be commissioned from Derby and Nottingham would therefore undergo changes. A year's worth of emergency department and in-patient activity was analysed in order to predict future patterns of use. After an initial analysis, two potential scenarios for the impact of the move on patients' choice of hospital were agreed. One scenario assumed that patients travel to the nearest facility; the second assumed a pattern of usage according to services that had already moved. 
In order to predict future activity patterns by distance for the second scenario, the following usage and distance factors were devised to compare usage of and travel to different hospitals. The factors were calculated using activity by postcode sector.
Usage factor = Hospital A activity/ (Hospital A activity +Max. activity, all hospitals)                         
Distance factor = Travel time to Hospital A/( Travel time to Hospital A + Min. travel time to any 











hospital)
Figure 4 shows a typical graph of usage factor against distance for one particular hospital. The characteristic S-shaped or logistic curve (incomplete in this case for usage factor 0) shows the switch of activity to this hospital at distance factor 0.5 approximately. Around this switching point, considerable variation may be noted, attributable to causes other than distance from the hospital.   
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Figure 4: Typical graph of usage factor by distance factor for a hospital for inpatient activity

The final analyses proved useful in helping the PCT understand the impact of the hospital’s move on its commissioning plans and how to monitor whether or not these models are accurate predictors of patient choice.
4 Conclusion
The relocation of health facilities is often a contentious matter, as different stakeholders compete for favourable locations of what may be scarce resources. We demonstrate here location modelling that can provide support to decision making which might otherwise be based solely on ground-level considerations such as finding suitable premises. Moreover, public justification can be made transparent by such means, once a final decision has been taken. From the viewpoint of a commissioning authority, there may be different objectives to be satisfied. Suitable proxies for forecasting future demand can be found and different scenarios tested as to possibilities for population growth and changes in at-risk groups in particular geographical areas.

Models are presented here that address the problems of location of new facilities; a number of different options are available to the decision maker. Different types of efficiency objectives are available, based on classical locational models. Equity objectives may also be employed, addressing an equitable distribution of services.

For relocation of existing services, we demonstrate analysis of usage patterns that can be used to predict future trends in patient choice. Again, the usefulness to service commissioners is evident as options are given for scenarios that may describe future patient activity. 
References

NHS (2007) Our health, our care, our say: a new direction for community services. Viewed online at www.official-documents.gov.uk/document/cm67/6737/6737.pdf  on 07/03/08
Roberts, S. J.; C. M. Harris (1993) Age, sex and temporary resident originated prescribing units (ASTRO-PUs): new weightings for analysis prescribing of general practices in England British Medical Journal (1993) 307, pp. 485-488

Smith, H. K.; Harper P. R.; C. N. Potts (2006) Bicriteria efficiency/equity hierarchical location models for application in healthcare and other sectors. Technical Report, School of Mathematics, University of Southampton
�Indentation: centred, line spacing single-spaced; Font: 10 pt, Times New Roman.


�Heading 1:


Indentation: hanging indent of 1 cm, left aligned, space before 18 pt, after 6 pt.


Font: 12 pt, Arial, bold.


Numbering: 1, 2, 3, ...


�Heading “References”:


 Indentation: 0,8 cm, justified


 space before 0 pt, after 6 pt; 


 Font: 10 pt, Arial, bold. 


 The headline “References” should not be numbered.





6
7

