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Abstract

The current provision of adult and child inpatient hospice provision is evaluated across North West England using spatial analysis, Geographical Information Systems (GIS) and readily available web based data.   Measures of the demand for, and supply of, hospice provision are used to determine measures of potential accessibility for each small area (ward).   Use of deprivation scores permits an analysis of equity of access to adult and child hospices, and the potential for additional hospice service provision is examined.   Distance and drive time GIS measurement techniques are compared.   

Introduction

Aims

This research has three main aims.   Firstly, we examine the current provision of hospice inpatient beds for adults and children within North West England, using readily available data from the web.   Secondly, as part of continuing project work within the North West NHS Public Health Observatory, we demonstrate to Public Health professionals how Geographical Information Systems (GIS) can readily be used in-house to analyse the relative accessibility of health services.   Finally, whilst analysis using straight line distance between different healthcare sites and location of demand can readily be undertaken by NHS Public health teams using existing Windows based software, drive time analysis software modules are not generally available.   We therefore seek to identify whether the use of different measures of access to hospice [or other] NHS services would produce different results in identifying groupings of wards with greater 'health need'. 

Project findings demonstrate how web based data and standard desk top geographical information systems (GIS) can be utilised relatively easily to provide policy-relevant spatial analysis to healthcare decision makers.

Hospice services

Hospice care has radically changed the way in which death and dying are approached.   Since the first modern hospice, St Christopher’s, was opened in London in 1967, hospices have developed into a world wide service.   Approximately 75% of inpatient palliative care services are independently managed charities, relying on donations and legacies for their running (Hospice Information, 2002a).

Hospices are typically provided for and maintained through locally based campaigns and fundraising initiatives.   Three quarters of UK hospices are charities, run outside of the remit of National Health Service (NHS).

In January 2002 there were 208 adult hospice inpatient ‘units’ within the UK, providing 3,029 beds.   56 of these were NHS units (596 beds) and 152 voluntary units (2,433 beds).   In addition, there were 25 children’s units nationally, providing 186 beds (Hospice Information, 2002a). 

Hospices provide palliative care support for patients.    The World Health Organisation (1990) defines palliative care as “the active, total care of patients whose disease is not responsive to curative treatment”.    Hospice Information, the national web service representing UK hospices (2002a), describes how “underpinning this approach is a philosophy that takes as its starting point the affirmation of death as a natural part of life.   Built on that bedrock are the values of respect, choice, empowerment, holistic care and compassion.   Hospices care for the whole person, aiming to meet all needs - physical, emotional, social and spiritual.   They care for the person who is dying and for those who love them, at home, in day care and in the hospice”.

Hospice care is provided by a team-oriented group of specially trained professionals, volunteers and family members.   Multi-disciplinary teams strive to offer freedom from pain, dignity, peace and calm at the end of life.    Hospices offer a range of services, including pain control, symptom relief, skilled nursing care, counselling, complementary therapies, spiritual care, art, music, physiotherapy, reminiscence, beauty treatments and bereavement support. 

Whilst hospices address all symptoms of a disease, special emphasis is on controlling a patient's pain and discomfort.   Within palliative care, the control of pain, of other symptoms, and of psychological, social and spiritual problems is paramount.   The goal of palliative care is achievement of the best possible quality of life for patients and their families. 

Over 96% of hospice patients suffer from cancer (Hospice Information, 2002b).   The NHS cancer plan (NHS, 2000) highlights how more than one in three people in England will develop cancer at some stage in their lives.   One in four will die of cancer. This means that, every year, over 200,000 people are diagnosed with cancer, and around 120,000 people die from cancer.   Thus, better prevention of cancer, better detection of cancer, and better treatment and care, matter to us all.   

As demand for hospice bed provision continues to grow, much of the care offered to terminally ill patients comes from the voluntary sector.   However, the voluntary nature of the hospice movement, and its development through local campaigns and donations means that provision can vary from geographical area to area.   The Hospice History project (2002) details the development of hospices within the United Kingdom & Ireland.

This research examines one aspect of palliative care, namely equity of access to existing adult and child hospice inpatient services across the North West of England. 

Researching accessibility to health services 

Accessibility to health services, and the equity of healthcare provision, has been of concern to health service managers and geographers for some years now.   Various methods of determining locational efficiency, equality of access, and resource allocation have been explored.   Analysis has sought to determine optimal configurations of service locations (typically based on minimising aggregate travel cost or distance) but also to examine the equity of such configurations: whose access is optimal?   For overviews of this work see, for example: Cromley and McLafferty (2002), Gatrell and Senior (1999) and Thomas (1992).

Methodology

Research has sought to examine the mismatch between the demand for cancer inpatient hospice services and geographical access to such services.   In addition, we explore issues of equity of access by relating this mismatch to data on geographical variation in deprivation.   We do this using Geographical Information Systems (GIS).   Figure 1 summarises the approach taken within research.   Details of the analysis are described in subsequent sections.

Geographical Information Systems (GIS)

A Geographical Information System (GIS) is a computer based information system with a geographical dimension (Cromley and McLafferty, 2002, Longley et al, 1999, Gatrell and Löytönen, 1998, Grimshaw, 1998).    A GIS stores, manipulates and analyses spatially linked data and displays summary information on a map.   As such, windows based desktop GIS are already widely used by health care planners, in particular within Public Health Departments.   

A GIS may be defined in a number of ways, for example : 

· A system for storing, checking, manipulating, analysing and displaying spatial data 

· A Management Information System (MIS) which enables map display of information

· A ‘Spatial analysis’ system concerned with quantitative procedures applied to locational problems

· An integrated system distinguished by high levels of mapping and spatial analysis

· Data storage, retrieval, integration, presentation mapping and spatial analysis to support the decision making activities of an organisation - a decision support system.

GIS have the potential to benefit Public Health analysis and decision making in a number of ways.   For example, GIS can help in the following areas :

· Better understanding of the relative health of local populations 

· Informing the Health Improvement Programmes and Local Modernisation Reviews that Primary Care Trusts, other health professionals and Local Authorities are required to develop to help address issues of public health, health promotion and ill health prevention locally 

· Measuring the equality of access to, and use of, particular services

· Exploring the effect Primary Care Trusts are having on reconfiguring services.

· Supporting issues of clinical governance at both secondary and primary care level using a range of mortality, secondary care and morbidity data.

· Assisting in service planning and development

· Conducting environmental impact assessments

· Providing an epidemiology tool

GIS are themselves relational databases.   Apart from their ability to visualise health [and other] data within a map, thus adding locational context to analysis, they are able to undertake analysis which other databases cannot, namely distance measurement (for example, analysing how many people live within x km of a healthcare facility).
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The use of GIS within UK healthcare planning agencies (formerly Health Authorities, now Primary Care Trusts) is becoming widespread.   The desktop GIS MapInfo is the predominant software package used - a survey by Smith, Higgs and Gould (2001) found that MapInfo was used by 85% of HA's who indicated that they currently used GIS.   Thus, MapInfo was used for chosen for demonstration within this project.

'Demand side analysis' - Measuring the demand for hospice inpatient bed provision. 

Given that the vast majority of hospice patients suffer from cancer, the expected number of people who are likely to die from cancer in a given year within a given area can be used as a reasonable proxy for hospice demand.   Adult and Children's hospices are potentially open to everyone with a terminal cancer.   Whilst not everyone who suffers from cancer will die, and the survival rates for different cancers vary appreciably, hospice care is provided for those at the terminal stage of illness.  Thus, age specific mortality rates for all cancers, when applied to North West England populations, were used to derive a reasonable proxy for potential demand.

The North West NHS region, as of 2002, is comprised of the administrative counties of Cheshire, Merseyside, Greater Manchester, Lancashire and Cumbria.    In addition, a small portion of the High Peak in Derbyshire is included.   Based on the 1991 census wards for these authorities, there are 1,019 geographical census wards within the region.

Population data for the North West was obtained from the latest NHS Executive North West small area database 2000, available via the web (NWPHO, 2002).  Data comprised ward level estimates, for 1991 census wards, in 5 year age bands.  In order to include data for North Cumbria (previously not within the North West NHS region), ward level population data, in 5 year age bands, was provided by the relevant Primary Care Trusts using the current Family Health Services Authority (FHSA) register.   This database aggregated counts of all patients registered with a GP within a given locality.   Thus, 1999 regional NHS population estimates and 2002 North Cumbria NHS population estimates could be combined to provide recent population data for the NHS North West.     

Demand for hospice services can be represented by applying age-specific cancer death rates to populations at ward level.    Three year average age specific death rates for 'all cancers' [malignant neoplasms], for all persons aged over one year were obtained from the Compendium of Clinical and Health Indicators (CCHI) 2001 (Department of Health, 2001).   This set of health indicator data (formerly known as the Public Health Common Data Set) is produced annually and commissioned by the Department of Health from the National Centre for Health Outcomes Development.
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Ward selection criteria

Ward selected using either distance or drive time analysis

64

65%

34

51%

Ward additionally selected using distance only analysis

23

24%

13

19%

Ward additionally selected using drive time analysis

11

11%

20

30%

Total wards selected

98

100%

67

100%
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Adult
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Demand for child hospice inpatient beds was derived for children aged 1 to 14, and for adults aged 15 and over, by linking age specific cancer mortality rates to populations in given age bands.  This analysis enabled the anticipated demand for hospice beds to be estimated at a ward level.

The CCHI three year average mortality rates for 2000 indicates that 18,868 adults (aged 15+) die per year within the North West from 'all cancers'.   The rate increases rapidly by age band, from 8.4 per 100,000 persons aged 15 to 34, to 178.6 between the age of 35 and 64, to 971.9 between the ages of 65 to 74 and to 1,690.5 aged 75+ (see Table 1).   Total hospice demand, as calculated from population data and the above rates indicated an expected potential demand for adult hospice beds of 18,950 adults (virtually identical to the NW figure when 8 Glossop wards outside the government definition NW area are included).
Similarly, the CCHI three year average mortality rate for 2000 summaries that 35 children (aged 1 to 14) die per year within the North West from 'all cancers'.   The rate for children aged 1 to 4 is 3.3 per 100,000 children, and 2.6 for those aged 5 to 14.   Total child hospice demand, calculated from population and death rate data indicate an expected potential demand for child hospice beds of 35.2 children (again virtually identical to the NW figure when 8 Glossop wards included).

'Supply side GIS analysis' -  The supply, or 'accessibility' of hospice inpatient beds 

Within North West England, 27 hospices provide adult inpatient bed care; an additional 5 hospices provide child inpatient bed care.   Data on North West hospice sites and bed numbers was obtained via the web from the UK Hospice Information’s website (2002b).   A follow up telephone call was made to each hospice to confirm bed numbers.   Whilst the majority of hospice bed numbers were confirmed as being the same as web based summaries, in a small number of cases hospices had lower bed numbers (due to funding shortages).   As of June 2002, the 32 North West hospices provide 380 adult inpatient beds and 32 child inpatient beds.   Hospice Information’s definition of an inpatient bed has been used as a standard, although variations in definition could potentially mean that day case and inpatient beds could be used as alternatives.

Table 2 summarises North West hospice inpatient bed provision.  The locations of the 27 inpatient adult hospice units and 5 inpatient children's hospices are highlighted (as point locations) in the maps accompanying this paper.   Adult hospice inpatient bed numbers varied across the North West from 4 to 36; child bed numbers varied from 4 to 9.

Based on 1991 census wards, there are 1019 geographical census wards within the 2002 NHS North West region.   Digitised North West 1991 census ward boundaries are available to the academic community via the EDINA UKBorders digital data website, although the former NHSE NW supplied similar data to HA's within the region.   Wards, grouped by Local Authority, were combined within MapInfo to form a regional map. 

The centroid, or assumed population centre, of each census ward was highlighted on screen within MapInfo, and structured query language (SQL) used to allocate a grid reference (x and y co-ordinate location) to each census ward centroid.   Addresses and postcodes for each adult and child hospice were obtained from the web, allocated 1 metre grid references using the streetmap (2002) web site, and mapped as point locations within MapInfo.  (Alternatively, the recently introduced ONS 'gridlink' postcode lookup table, available to the NHS, could have been used to link postcodes to x and y co-ordinate positions based on 1 metre co-ordinates).  

[image: image7.png]el

RN N T GV

ey
ertno
2nczun
iy
st
el
Stist
e

au

g

e 02k o

e
vy gt g (g o s_pesind o sy oy

2002 2unp : pue|Buz 5o YMON UILIM UoIsiA0id paq Juanedul 991dsoH : Z 3jqeL





Straight-line distances between healthcare sites and ward centroids can be calculated within MapInfo.   SQL analysis within MapInfo was used to measure the straight line ('Euclidean'  or 'crow flies') distance between each ward and each adult and child hospice site.   This enabled two excel spreadsheet matrices for adult and child 'accessibility to hospice' distances to be compiled, of 1019 by 27 and 1019 by 5 cells respectively.  Each matrix cell provided the distance between any given site and the ward centroid.   

A weakness of straight-line distance measurement is that it fails to take into account barriers to movement, or transportation routes.   GIS can include tools to calculate 'network distances' that follow roads.   A different GIS package, ArcInfo, was used to derive travel distance times between hospice sites and ward centroids, and two similar matrices of travel time were compiled.   These reflected the time it would take to travel between any given hospice and ward using Motorways, A or B roads, using typical national speed estimates for different road types.   For example 70mph was used for a motorway, 60mph for a dual carriageway, and so on.   Bartholomew's digital road network data was linked to ArcInfo;   This has been produced at a scale of 1:250,000, and thus does not necessarily reflect very localised road geographies.

Generally, at a regional scale, the use of straight line distance spatial analysis may well be a reasonable proxy for measuring access.   ArcInfo (running from a University mini computer) is not available at Public Health Team level.   Thus, the following analysis shows results for both straight-line distance and 'drive time' measurements, in order to highlight any differences between the two approaches.   A summary of the contrasting methodologies is discussed within the final 'discussion of GIS analysis' section.

Supply side potential access to hospices

Distance will typically be only one factor people use to decide on the 'attractiveness' of any given site.   In reality, in deciding on which healthcare facility to use, decisions may be influenced by location as well as the size of a site, the features it offers and other factors.    With inpatient hospice provision, there is one 'terminal outcome' - irrespective of the range of hospice services offered during terminal illness.   People wish for a 'safe place to die', supported, and without pain.   Apart from accessibility for self and family, few if any other factors are likely to be considered applicable when 'choosing' a hospice.

In geography and planning, gravity models are frequently used to model access to services.   Essentially, these argue that the likelihood someone will travel to a site is directly related to its relative size (or 'attractiveness') and inversely proportional to how far away it is (Thomas, 1992).

Here, the access of any ward to a hospice has been measured using 'gravity' concepts, whereby the attractiveness of a hospice (measured in bed numbers) is divided by the distance to the hospice (modified by an exponent, beta, measuring the frictional effect of distance).   Total access to hospice services for any given ward can thus be measured by the sum of individual attractiveness for all hospices.   

Formally :



Ward i 'access' score    =   jAj / dij ß
Where A reflects the attractiveness of each hospice site (j) and d either the straight line distance or travel time between ward (i) and site (j).   We sum () over all hospice locations.

As noted earlier, hospices are voluntary institutions funded mainly by charitable donations.    Hospices may well have a local catchment area, and be reluctant to take patients from elsewhere, although catchments may not be clearly defined.   Only in major urban conurbations will alternative hospices be located close to each other.   Thus, total 'permitted' travel distance to a hospice site, as well as the beta value ("distance decay") require discussion.

In the case of hospice care, people are nearing the end of their lives, and they and their families or carers have strong emotional and physical need needs for support and care.   The distance needed to travel to a hospice - in many instances for several care spells as an inpatient (or day care) - is likely to be far less important to a person, than that of making a decision on whether or not to travel to any other town, site or destination during a lifetime. 

Given the need for a service, a ß value of 1 was decided upon for analysis.   Thus, the attractiveness of a hospice was valued on its size in beds divided by its distance from a ward centroid.   Typically ß values of between 1 and 2 would be used within gravity models.  However, (as would be expected), analysis of hospice data highlighted that where too high a ß value was used, for example dividing by distance squared, relative 'accessibility' to hospices was skewed towards wards located in very close proximity to a hospice which had high bed numbers. 

Given the small numbers of child hospices within the North West, it was decided that the model would allow children to travel any distance to any hospice within the North West.  However, given the charitable foundation of hospices, and their catchment areas for funding, it was decided that if a hospice was located more than 20km from a ward centroid, its individual low accessibility score would not contribute towards a total accessibility score for service access to that ward.   

A similar approach was used to measure access using drive times between sites and wards.   Time, as opposed to distance was used as the denominator, with a maximum drive time of 30 minutes used for analysis of adult access, and 180 minutes for child access.

Findings

Demand for hospice beds

As with the majority of causes of death, deaths from cancer increase dramatically with age.   Thus, hospice provision for adults will be most needed where there are higher numbers of elderly.   Figure 2a highlights the proportion of elderly residents aged 65 and over, per ward, within the North West.    Wards in retirement areas, such as around Morecambe Bay in North Lancashire/South Cumbria, or along the Southport and Blackpool coastline have appreciably higher proportions of elderly residents.

However, whilst retirement areas such as around Morecambe Bay and the Fylde coast demonstrate high proportions of older people, because of their relatively smaller overall ward population sizes, total demand for hospice services is less than in highly populated urban wards.  Geographers by tradition do not show total populations within area shaded maps;  However, Figure 2b illustrates the similarity between total regional population distributions and hospice service 'demand' maps.   

Resident based populations by ward, as an indication of total health care need, indicate a broad urban band of population crossing from the Wirral, Merseyside and Greater Manchester (highlighting population growth in this area since the industrial revolution).    Total elderly population shows a similar distribution.

Figure 3 portrays the demand for adult cancer services (age 15+), based on age specific death rates - as described in the methodology section.   Figure 4 portrays the demand for child cancer services (aged 1 to 14), based on age specific cancer death rates.   Whilst the maps show similar distributions to a map of population distribution, there are subtle differences.   In reality, within any given geographical area, there will be variations in cancer rates (and other health events), due to local conditions - community lifestyle, occupation type, environmental factors, access to services, early detection, and so on.   However, the analysis used within this project enables demand for healthcare (hospices) to be related to supply, based on all other factors being equal.

Accessibility of hospice services

Figure 5 highlights accessibility scores of wards to adult hospice inpatient beds within the North West, using straight line distance.   Figure 6 shows adult accessibility scores based on assumed drive time.   Similarly, Figure 7 maps access to child hospice beds using straight-line distance, and Figure 8 accessibility based on assumed drive time.

The adult accessibility maps, based on a travel distance of 20km or travel time of 30 minutes, shows more condensed clusters of relative accessibility, than do the child access maps.  The larger number of adult hospices provides the analysis with a greater number of supply side options.   Thus, adults who live close to a hospice, may well also live reasonably close to other adult service hospices.   In contrast, children (and their families) have to travel far greater distances, over longer time periods, to access hospice care.   Those living within Cumbria, North Lancashire and South Cheshire see particular inequality in child bed provision.
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15.2
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11.9

36

22

Total individual wards selected
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100

164

100
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[image: image14.png]Figure 5 : Adult hospice 'accessibility' (straight-line distances)
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Relationship between demand and supply.

Regional demand and supply (accessibility) for hospice inpatient beds can be portrayed via a scatterplot.   Figures 9 and 10 demonstrate the relationship between access and demand for adult and child hospice services respectively.   The figures indicate analysis based on straight-line distance.   

The dots within each scatterplot indicate levels of demand (x axis) for hospice care and accessibility of hospice care (y axis) for each ward in the North West.   Of particular interest is the group of wards where demand is greater than the regional average, and accessibility (or supply) is less than the regional average.   These wards can be analysed further.   The rectangle in each scatterplot contains points for the wards where further analysis has been undertaken.   A similar approach has been used to compare straight line and drive time access methods.

The median expected demand for adult hospice beds was 16 adults per ward;  the median demand for children was 0.03 children per ward.   Based on straight line measurement, the median 'access' score for adult hospice beds was 5.6; the median 'access' score for children was 1.1.   Based on drive time measurement techniques, the median 'access' score for adult hospice beds was 11.4; the median 'access' score for children was 1.3.

Figures 11 and 12 highlight those wards where demand is relatively high for adult hospice services, yet access is relatively low, based on straight line distance and drive time analysis.   The difference in wards chosen between the two methods is summarised within the summary 'discussion of GIS analysis'.

The adult analysis (Figures 11 and 12) shows a picture which may typically be seen where a larger number of healthcare sites are available.   Pockets of high demand/low access are apparent, although they are scattered.   In particular, industrial Barrow in Furness in South Cumbria, the Wirral, Lytham, Southport, and some rural Ribble Valley wards in central Lancashire and some rural South Cheshire wards demonstrate inequality in demand-access.   Based on straight line measurement, of the 128 wards where demand is greater than median values and access is below median values, adult demand equates to 3,016 adults.   Alternatively, based on drive time measurement, of the 139 wards where demand is greater than median values and access is below median values, adult demand equates to 3,495 adults.

Figures 13 and 14 highlight those wards where demand is relatively high for child hospice services, yet access is relatively low, based on straight line and drive time analysis.   These maps show a broad grouping of wards to the North East of Greater Manchester where access is low in relation to demand.   The total regional demand within this high demand-low access subgroup (based on straight line measurements) equates to 6.4 children.   Of the 68 adjacent wards within this North East Manchester subgroup, child demand equates to 3.8 children per year.

Given the artificial boundary of the Region, it could have been that a child hospice was conveniently located just across the border.  However, the Cancer Information website indicates that Yorkshire region has one child hospice, located in Wetherby.   Wetherby is approximately 80 km (straight line) or 117 km by motorway, across the Pennines, from the nearest NE Manchester hospice in Didsbury.   Thus, relative to regional patterns, NE Manchester is suffering from poor provision of child hospice beds. 
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[image: image15.png]Figure 6 : Adult hospice 'accessibility' (drive time)
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[image: image16.png]Figure 7 : Child hospice 'accessibility' (straight-line distances)
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[image: image17.png]Figure 8 : Child hospice 'accessibility' (drive time)
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Relationship between demand and supply and deprivation.

Spatial analysis has already accounted for age, through demand for hospice services having been standardised according to age standardised cancer mortality rates.  In reality, ill health rates vary according to a range of factors, as discussed within 'demand findings'.   We now link areas of high demand-low supply to deprivation - which is a major determinant of health.   For example, lower income levels tend to lead to poor levels of nutrition, poor housing conditions, and inequitable access to healthcare and other services.   Ill health may follow. 

A range of indicators have been developed in recent years to assist in assessing and comparing ‘deprivation’, or poverty, at the neighbourhood, local area, regional or  national level.   Widely used indicators include the Jarman, Townsend and Carstairs scores, which combine a range of 1991 census indicators to highlight relative deprivation (Senior, 2002).   These deprivation indices assign a numerical weighting to local geographical wards, or to Local Authorities as a whole, enabling comparisons to be made between different sized administrative areas.   

In general, deprivation indicators show a strong correlation with a variety of health indicators.   However, such indicators do not always measure exactly the same things.   The Jarman Underprivileged Area Score was designed to measure the need for primary care; Townsend and Carstairs are considered proxy value for levels of material wealth/poverty.

Townsend deprivation scores were obtained from the NHS Executive North West for all wards within the North West.   Positive scores show high deprivation, negative scores low deprivation.   The North West is a relatively deprived region within the UK, with the mean NW ward Townsend deprivation score being 0.5.   Based on Townsend scores, 460 wards within the North West (45.1%) exhibit levels of deprivation above the regional mean.

Analysis was undertaken to highlight the location of wards where both demand for hospice care is high and access poor, and in addition, where deprivation levels are above the regional mean.  Residents of these wards are likely to suffer from a variety of factors, including relatively low incomes, poor housing and lack of access to private transport.  Thus, poor access to hospice care will be even more meaningful.  Wards which exhibited poor provision using either straight line or distance techniques were analysed.   98 of 159 wards where poor child hospice provision was evident also suffered from deprivation (62%).   67 of 164 wards where adult provision was poor also had high deprivation (41%) - Table 3 summarises this.   
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Each ward deprivation score can be ranked against its relative national position.   Where child access to hospices was poor, and deprivation was high, these child deprivation scores were evenly spread between the 5 poorer national deprivation level deciles.   Thus, 40% of wards selected as demonstrating inequitable child access were in the most deprived 20% of wards nationally.   However, relative adult deprivation was lesser, with fewer selected poor access-high deprivation wards being in the worst national deciles of deprivation.   Overall, 66% of selected wards where access to adult hospices is poor, were in the 25-50% deprivation quartile.

Inequality relates to unevenness of access to a service.   Inequity refers to inequality in access to services when related to healthcare need.   Figures 15 and 16 highlight wards within the North West where both adult and child demand for hospice beds is high, and where deprivation levels are above the regional mean (based on either straight line or drive time access inequity).   The map for adults (Figure 15) confirms that the pockets of inequity in central Lancashire, Barrow, Carlisle & S. Cheshire include deprived wards.   The map for children (Figure 16) confirms that swathes of NE Manchester also suffers high deprivation levels.   However, adult inequity in the Wirral, and child inequity in Runcorn are strongly affected by drive time methodology analysis, which on a regional basis does not take into account local factors - namely the Mersey tunnels and Runcorn bridge.

Discussion of GIS analysis

Figure 17 shows accessibility to a North West adult bed hospice (Trinity Hospice, in Blackpool) based on both straight-line and travel time analysis.   In Figure 17a, it can be seen that natural features (coastline, estuaries, rivers, moorland and  mountainous areas) are not accounted for - it is assumed travel can be in a straight line.  In addition, analysis assumes that patients do not move across 'artificial boundary' NHS regions.  However, in reality, the North West is bordered by sea to the west, the Pennine chain of hills to the east, and low density rural areas to Scotland in the North and rural Staffordshire to the South.   Despite these limitations, such straight-line GIS analysis is typically the only readily available methodology available to Public Health practitioners. 

Figure 17b shows accessibility to the same hospice using drive time analysis (based on driving at 75% of national speed limits).   Travel time potentially presents a better indication of site accessibility, as it takes into account travel routes.   However, travel time, or essentially drive time, assumes that everyone has access to a private car, and can drive.   Travel time assumes that people can travel at constant speeds on different road types.   However, this in itself is problematic.  Road speeds vary depending on time of day, accidents, road works, weather conditions, and so on.   Similarly classified roads will exhibit different average speeds.   No account is taken of those who have to walk to a bus stop, wait for a bus, chance buses etc.   People in rural areas are more likely to have access to a vehicle; urban residents may depend more on other transport.   Region wide analysis for this project assumed that, additionally, for non local residents, the Mersey estuary would be perceived as a barrier, and that people would by choice follow the extensive motorway network, and not use the Mersey tunnels or Runcorn bridge.
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In the case of hospice care, those attending for inpatient respite care will be dependent on transportation from family, friends or private transport.   Typically elderly, they represent the most vulnerable and needy.   In reality, do any distance measurement techniques 'best match' hospice patient needs ?   However, in order to undertake analysis of relative inequity in service provision, both straight line distance and road network analysis enable 'real' travel distances and travel times to be modelled.

The drive time GIS isochrone map shows some differences to the straight line distance map.   Whilst there is not an exact match between distance travelled and time travelled bandings, drive time indicates both the effect of major road links and coastal features.   The extensive North West motorway system offers a distinct effect on directions that may be travelled quickly.   However, similar broad distance - time bands appear on both maps. 

When the straight-line distance and drive time accessibility matrices are each analysed to select wards with high demand and low access to hospice beds, Figures 18 and 19 indicate the difference in results obtained.   For adult demand (Figure 18), 103 wards are selected using either straight-line or drive time methods, 25 are added using distance only and 36 using drive time only.   For child demand (Figure 19), 107 wards are selected using either straight-line or drive time methods, 33 are added using distance only and 19 using drive time only.   

Table 4 summarises the differences.

[image: image23.png]Figure 16 : Child hospice accessibility related to ward level deprivation

~not deprived  (61)

- AND deprived (95)

Child inequality





Two thirds (67.3%) of the high demand - low access child wards are selected whichever technique is used. 62.8 % of high demand - low access adult wards are similarly selected using either method.

This result indicates that the same core groupings or clusters of wards exhibit inequitable access to hospice services arise whichever GIS technique is used.   The NHS has access to straight line distance GIS measuring techniques - analysis confirms that these techniques are appropriate for analysis of health service access needs.
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Conclusions

GIS and spatial analysis can be employed to analyse a wide range of healthcare service locational issues.   This research has highlighted relative inequity in hospice care provision for both adults and children within the North West.   There is localised geographical inequity in service provision, which in turn contributes to the debate on funding additional beds, staff, hospices and cancer services.

In particular, children (and their families) living within a broad cluster of wards within North East Manchester witness relatively poor access to hospice services relative to need.   Whilst the predicted number of children this inequity affects annually is low, there are real variations regionally.   Travel distance, service inequity, and deprivation all need to be considered in determining site location.   It could be suggested that a small child hospice be established in NE Manchester.   Without using locational modelling techniques, a site could, for example, be provided in Rochdale or Oldham, approximately minimising distance to travel for many local wards.   Whilst a centre such as Pendlebury Children's Hospital in North Manchester may already offer a range of services similar to child hospice provision, distance effects would remain after the relocation of children's services to central Manchester (due in 2006).   In addition, further adult hospice beds could be provided for Barrow, Central Lancashire (North of Preston) and in South Cheshire. 

Analysis using both straight line distance and drive time GIS methods of measurement has revealed very similar pictures.   GIS analysis has used hospice bed provision as an exemplar from which NHS Public Health teams could undertake similar work on a range of access to healthcare issues.    Analysis using straight-line distance techniques is readily achievable using widely available MapInfo software.   Comparison of techniques has indicated that straight-line distance measurement is highly efficient at identifying major groupings of wards where inequity is present.

If hospices were willing to provide actual patient address data for a given time period, a multivariate analysis of demand for hospice services could be undertaken.   Such models focus on distance as well as other factors to describe likely movement between areas.

Whilst the focus has been on identifying areas where relative demand is high and access low, residents in remoter rural areas such as Cumbria, Lancashire and Cheshire will and do develop cancer.   What happens to a patient if they are told by their GP, Consultant or a hospice that they cannot be cared for, as they live outside catchment areas ?    Is care within a hospice available or not ?.   Home care may not be a viable option.   The question remains as to how 'unfair' is access to hospice services for those in rural areas, who have to travel long distances to access support ? 
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Table 1:  NW cancer deaths







for 2000 (3 year average)












