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ABSTRACT
Background  Ambulance trusts across the UK serve 
vast and varied regions, impacting equitable healthcare 
access, especially for older patients facing urgent, non-
life-threatening conditions. Detailed variation in demand 
and service provision across these regions remains 
unexplored but is crucial for shaping effective care policies 
and organisation. Geospatial mapping techniques have the 
potential to improve understanding of variation across a 
region, with benefits for service design.
Aim  To explore the feasibility of using geospatial 
techniques to map emergency 999 calls and outcomes for 
older adults within an academic-healthcare collaboration 
framework.
Methods  The study used administrative and clinical data 
for patients aged ≥65 who made urgent calls to a regional 
ambulance service within 1 year. This data, aggregated by 
geographical area, was analysed using geospatial software 
(ArcGIS) to create detailed choropleth maps. These maps 
displayed metrics including population demographics, 
number of calls, response times, falls, dementia cases and 
hospital conveyance rates at the middle-layer super output 
area level. Feedback was solicited from internal stakeholders 
to enhance utility and focus on service improvements.
Results  The analysis unveiled significant regional 
disparities in emergency call frequencies and ambulance 
requirements for older adults, with notable variations in 
hospital conveyance rates, ranging from 22% to 100% 
across different areas. The geographical distribution of 
falls and calls for people with dementia corresponded 
with the older population’s distribution. Response times 
varied by location. Stakeholders recommended additional 
data incorporation for better map utility and identified 
areas for service enhancement, particularly in addressing 
conveyance rate disparities for falls.
Conclusions  Leveraging aggregated ambulance service 
data for geospatial mapping of older adults’ care demand 
and provision proves to be both feasible and insightful. The 
significant geographical variances in hospital conveyance 
highlight the need for further research. The development of 
academic-healthcare partnerships promotes resource and 
sharing of expertise, which should substantially benefit 
patient care for this vulnerable group.

INTRODUCTION
UK National Health Service (NHS) ambu-
lance services are under intense pressure 
to deliver timely and safe care. Immediately 
life-threatening conditions have to be prior-
itised, and older people (aged ≥65 years) 
with falls and symptoms related to long-
term chronic conditions with lower category 
calls may experience long delays before an 
ambulance arrives. Such patients often have 
recurring needs for emergency care due to 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Geospatial analyses have previously been used 
by emergency services to understand patterns in 
response times and identification of vulnerable 
communities. The growing older population and 
increased demand for emergency care present an 
opportunity to use geospatial techniques to better 
understand geographical variations in patient need 
and outcomes for this group.

WHAT THIS STUDY ADDS
	⇒ This study demonstrates the feasibility of a National 
Health Service-academic collaboration to use rou-
tinely collected healthcare data to explore geo-
graphical variation in the demand and outcomes 
of older patients with category 3 and 4 emergency 
calls. The work indicates that factors such as de-
mographic patterns, patterns of deprivation and 
prevalence of dementia may influence the observed 
variations.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This feasibility study provides a foundation for co-
designing further analyses and defining routes of 
dissemination which can inform policy decisions 
around service design and organisation of equitable 
emergency healthcare for older people across large 
geographical regions.
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lack of alternative care pathways or long waits for social 
care assessments. These patients may also have dementia, 
putting them at greater risk of clinical deterioration while 
waiting for their needs to be met, resulting in hospital 
admissions which further increase the risk of adverse 
outcomes, regardless of the reason for admission.1 2 Older 
adults with urgent or less urgent calls, which often include 
those living with dementia, are a key strategic focus for 
the development of alternative care pathways within the 
context of maturing integrated care systems and the drive 
to reduce conveyance to hospital and avoidable hospital 
admissions.3

The NHS is a large organisation providing acute and 
preventive medical care that is free at the point of delivery 
in England and the devolved nations of the UK. When the 
NHS was set-up in 1948, the focus was on treating single 
conditions or illnesses. However, population health and 
care needs have changed over time, with more people 
living longer and with comorbidities that require ongoing 
care. NHS services are delivered by multiple separate 
provider organisations, including primary healthcare 
practices, acute hospitals and ambulance services. As care 
has become more complex, the 2022 Health and Care Act 
aimed to make it easier for organisations to work together 
and join up services for patients, providing integrated 
care.4 The NHS remains separate from the social care 
system, access to which is means-tested.

Ambulance services are a key part of NHS integrated 
care systems and cover wide geographical regions with 
large populations with a range of urbanisation and socio-
demographic characteristics. Health and social care 
services within regions are variable in content and are 
not evenly distributed, so staff working in different loca-
tions within the region have to make decisions for onward 
patient care based on availability of localised services. 
These geographical patterns in population and care 
may impact on service demand and patient and service 
outcomes and further add to the challenge of managing a 
patient group with already complex needs. Previous work 
has explored disparities in access to NHS services using 
geospatial methods or has assessed the feasibility of using 
geospatial data to identify priority areas for interven-
tions.5 6 Such data are used to support decision-making 
in local government and associated organisations such 
as integrated care boards, and the visual nature of these 
data allows for ease of interpretation for non-experts. 
There are a few examples of research using geographical 
data using tracking devices for people with dementia and 
mapping prevalence rates, but examples of use to inform 
large-scale care and policy planning decisions are scarce.7 
However, geospatial projects in ambulance services have 
had a significant impact, including improving cardiac 
arrest response times and identifying vulnerable commu-
nities during COVID-19, and such techniques could also 
be applied to other patient groups such as those living 
with dementia.8 9

The South Central Ambulance Service (SCAS) region 
in England provides services to more than four million 

people and covers the counties of Berkshire, Bucking-
hamshire, Hampshire and Oxfordshire. Adults aged ≥65 
represent a large proportion of the demand for services, 
comprising 17% of 111 calls (the NHS non-emergency 
phone service for urgent medical help or advice) and 
48% of 999 calls (the emergency response service)—an 
average of 21 200 per month—while comprising 18% of 
the overall population.10 An estimated 14% of emergency 
attendances are to adults living with dementia.11 Following 
previous work to develop the scope for paramedics to 
identify and record dementia on the ambulance elec-
tronic patient record (ePR),12 13 a recent quality improve-
ment project within SCAS has systematised recording of 
dementia.14 15 Improved recording of dementia in ambu-
lance data provides an opportunity to explore factors 
associated with service demand related to dementia, and 
to inform the configuration of emergency and associated 
services to improve patient experience and outcomes, 
identify and address inequalities and enable best use of 
existing resources.

We report on a project exploring the feasibility of using 
geospatial data to map lower category calls to adults 
aged ≥65, including a subgroup of those with dementia. 
This project was a collaboration between the ambulance 
trust and local academic partners within their opera-
tional region. The aim of the project was to establish 
whether, and how, the data can be extracted, mapped 
and presented in a way which is useful to the ambulance 
service and the wider regional health and care system, 
and to identify preliminary patterns in service use and 
outcomes while protecting patient confidentiality.

METHODS
Objectives
The specific objectives of this project were to: (1) test 
feasibility and methods of data specification, extraction 
and aggregation from the SCAS data warehouse; (2) 
produce maps representing the extracted data to describe 
the population and service demand and outcomes; (3) 
discuss the data with clinical stakeholders to identify 
topics of interest and explore topics for further quality 
improvement or research.

Formation of collaborative team
To manage the stages of the project, a collaborative 
team was formed which included clinicians, emergency 
care research experts, business intelligence leads and 
analysts and community first responder leads, together 
with academic geospatial analysts and health service 
researchers.

Data specification, extraction and sharing
The team worked together to understand and define 
data items for the study. This included administrative, 
socio-demographic and clinical and incident data sets. 
Sources included records from the SCAS computer-aided 
dispatch system, the patient ePR and locations of hospi-
tals, community first responder schemes and ambulance 
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stations, in addition to publicly available census data and 
deprivation indices.

The core data were records (routinely collected and 
retrospective), of incidents for patients aged ≥65 seen by 
SCAS between April 2022 and March 2023 inclusive with 
incidents categorised as urgent and less urgent (catego-
ries 3 and 4). These were provided as an aggregated data 
set, with the number and type of incidents aggregated by 
Lower Super Output Area (LSOA) level; no individual-
level data were used. A data sharing agreement between 
organisations was signed, and a secure file sharing system 
was used to transfer data.

Data items used in the analysis
Four types of data sets were used in analyses:
1.	 Incidents and attendances for patients aged 65+ and 

75+, average response times (interval between time of 
call and first clinical response), time on scene <1 hour 
or ≥1 hour, number with falls (also split by 65+ and 
75+), top five presenting issues, number conveyed to 
hospital, number of falls with conveyances.

2.	 As (1) (from the attendance point on the pathway) for 
a subgroup of people with a record of dementia.

3.	 2011 LSOAs and Middle Super-Output Areas (MSOAs) 
(Office for National Statistics (ONS) Administrative 
Boundaries, 2011) in the region served by SCAS (Berk-
shire, Buckinghamshire, Hampshire and Oxfordshire) 
with contextual data of population numbers from the 
2021 census,16 Indices of Multiple Deprivation quin-
tiles and Income Deprivation Affecting Older People’s 
Index quintiles.17

4.	 Locations of hospitals (Ordnance Survey OpenMap),18 
ambulance stations and locations of community first 
responder schemes (SCAS).

Data analysis and visualisation
ArcGIS software (www.arcgis.com/) was used to produce 
choropleth maps at LSOA (average population of 1641) 
and MSOA (average population of 7787)19 level of the 
data items listed above. LSOAs and MSOAs covering the 
SCAS region were extracted and two layers were created 
from this. Contextual, incident and attendance data for 
patients (including dementia subset records) were joined 
using the common LSOA/MSOA code to be able to 
display this data according to LSOA/MSOA. Postcodes of 
the community first responders and ambulance stations 
were transformed into grid references. Hospital locations 
were extracted from OpenMap as points and polygons. 
Where locations were represented in polygon format, 
points were created and joined to the point data set.

Data interpretation
Two stakeholder sessions were held with representatives 
from SCAS, including staff working in different areas 
within the region, and those with responsibilities for 
dementia education and care, community engagement 
operations and patient pathways, in addition to clinical 
academic partners working with paramedics in the region 

(University of Portsmouth and Oxford Brookes Univer-
sity). The sessions focused on: identifying key messages 
from the maps; considering how the maps could be 
amended or improved; how the maps might be used in 
planning services; which additional geospatial analysis 
could be undertaken; and the key messages/areas to 
explore with external stakeholders. Notes were taken 
throughout the sessions and a summary was produced 
which was circulated to attendees for amendments and 
approval.

Public and patient involvement
This feasibility study is one of a group of projects looking 
at older people’s interactions with ambulance services. 
The study was informed by discussions with relatives and 
carers of older people with recent interaction with ambu-
lance services, and by public volunteers with the ambu-
lance service (emergency responders). The results will be 
discussed in a dissemination session with a wider group of 
public members in order to design further research.

Ethics and governance
This project used routinely collected anonymised aggre-
gated data and therefore did not require ethical approval 
from the NHS Health Research Authority. The project 
was approved by the SCAS Clinical Review Group and the 
data sharing agreement signed in May 2023.

RESULTS
Overview of data
The data represents 221 752 incidents (combined 
111 and 999 calls) for people aged ≥65 were aggre-
gated by MSOAs to enable more effective visualisation 
of the data. Of the incidents, 32% (n=71 545) were 
attended by a clinical team; of which 20% (n=14 636) 
were to people aged 65–74, and 80% (n=56 909) to 
people aged ≥75. Of the attendances, 52% (n=37 385) 
resulted in a conveyance to hospital or alternative 
service, of which 21% (n=7881) were for people aged 
65–74, and 79% (n=29 504) for people aged ≥75. 
Falls accounted for 17% (n=12 329) of attendances. 
Patients with dementia comprised 18.9% (n=13 545) 
of attendances overall, and 22% (n=12 534) of attend-
ances to people aged ≥75.

Maps
More than 50 chloropleth maps were produced to display 
the contextual data within the SCAS region of operation, 
alongside service demand and service outcomes. A selec-
tion of the maps considered to be the most relevant to 
initial discussions was made for the stakeholder sessions.

Initial contextual maps to illustrate the distribution 
of the population aged ≥65 illustrated the variation in 
demographics for older adults across the region, with 
clusters of MSOAs with higher numbers of older adults 
in the south-west of the region as well as East Hampshire 
and South Oxfordshire (figure  1). The most deprived 
areas are mostly urban settings, including Southampton, 
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Portsmouth, Reading, Slough and Milton Keynes, but 
there were also rural areas with higher deprivation, partic-
ularly in South-West Hampshire (the New Forest).

The maps were an effective way of showing variation 
in demand in incidents (calls) and attendances across 
the region (figure  2). A visual comparison of maps 
suggests that the distribution of demand mirrored 
the demographic patterns, and thus highlighted areas 
with higher requirements for ambulance services for 
patients with potentially complex needs. Patterns of 
attendance generally reflect the number of incidents, 
although attendance patterns in some areas were not 
in line (higher or lower) than would be expected 
from incident numbers, for example, North Oxford-
shire and North Hampshire.

The numbers and proportions of patients conveyed 
to hospital for all adults aged ≥65 and for patients 
with a record of dementia in the ePR are shown in 
figure  3. Conveyances would usually be taken to an 
emergency department of a local acute care hospital, 
and this map therefore reflects demand for onward 
care services. When the numbers of patients conveyed 
following an attendance are presented as rates, it is 
evident that there were distinctly different patterns 

across the region, varying from between 28% and 
100% by MSOA. This demonstrates the importance of 
providing a variety of analyses and outputs, for optimal 
utility. Areas with particularly high conveyance rates 
include parts of Buckinghamshire, while areas with a 
higher number of attendances, for example, southern 
Hampshire and north-west Oxfordshire, had lower 
conveyance rates.

Data interpretation and stakeholder views
The discussions in the stakeholder meetings covered four 
main areas.
1.	 The usefulness of the maps to identify topics of inter-

est. The group was enthusiastic about the potential of 
the maps to provide a basis for initial visual scanning of 
data, which had not previously been looked at for this 
patient group. The geographical variations in demand 
and variations in indicators of care provision such as 
response times demand reflected the group’s experi-
ence of delivering emergency care on the ground. The 
large geographical variations in the rates of convey-
ances to hospital prompted much discussion, and the 
maps were considered a good springboard for further 

Figure 1  Distribution of older adults and Indices of Multiple Deprivation quintiles in the region. MSOA, Middle Super-Output 
Area.
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conversations to explore operational functions in par-
ticular areas.

2.	 Specific feedback on how to develop the maps. This in-
cluded incorporating specific locations of SCAS ambu-
lance stations and other key healthcare services such as 
hospitals, particularly those with services for older peo-
ple such as frailty assessment centres. Creation of mul-
tilayer maps which incorporated several factors into 
an interactive map (eg, population, deprivation and 
conveyance rates) would be a next step to understand 
some of the interlinking factors. This information, 
together with identification of areas with contrasting 
demand and outcome indicators, was thought to be a 
good basis for understanding variation in more detail. 
In this way, a localised whole system can be obtained 
and in turn may influence localised organisation and 
delivery of care. Variation due to operational differenc-
es between integrated care systems was highlighted, as 
was the resulting impact on SCAS’ service delivery. The 
exercise provided an opportunity to share good prac-
tice throughout the region and to consider strategies 
to improve equity of service provision.

3.	 Forming a dissemination plan. Participants identified 
additional staff members and teams within SCAS with 

whom it would be useful to discuss the findings and 
define strategies for future work. This included front-
line operational teams in those areas which were out-
liers from the general patterns shown in the data, and 
specific teams such as urgent care/falls response teams 
with particular responsibility for managing older peo-
ple with complex needs. External stakeholders in the 
region were also identified in addition to national col-
laborators with a specific interest in the area, for exam-
ple, dementia leads across the ambulance trusts, and 
quality improvement specialists with a special interest 
in ambulance services.

4.	 Capturing ideas for further research or quality improve-
ment. The potential of using geospatial data as a key part 
of a wider research programme focusing on older peo-
ple’s emergency care was recognised. Topics of particular 
interest included: time delays between calls, ambulance 
attendance and hospital admissions, particularly for falls; 
mapping the variation in management between locali-
ties against available alternative services; the potential for 
additional involvement of community first responders in 
the care of complex patients targeted to localities with 
higher need and higher conveyance rates, and the rel-
evant training and support that they might require; and 

Figure 2  Distribution of 111/999 incidents and ambulance service attendances in the region. MSOA, Middle Super-Output 
Area.
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a focus on the decision-making process around hospital 
conveyance in different localities, both from the per-
spective of clinical staff and patients/carers.

A summary of the main points from the two sessions 
was collated and circulated among participants (online 
supplemental figure 1).

DISCUSSION
Main findings
It is both feasible and acceptable to pursue a collab-
orative approach between healthcare and academic 
organisations to analyse data relating to geograph-
ical distribution of service demand and outcomes for 
older people. A multidisciplinary team which includes 
expertise from business intelligence, geospatial 
experts, epidemiology, clinical and operational leads 
is essential to deliver results of relevance to all parties 

Figure 3  Numbers and proportions of attendances to patients conveyed to hospital.
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involved. The model of resource and knowledge-
sharing between the organisations enabled rapid and 
efficient project delivery. This was also facilitated by 
the use of aggregated, non-patient level data in terms 
of governance and faster approvals.

The maps illustrated significant variations in demand 
for emergency care services for older adults with non-life-
threatening calls across the region, as well as localised 
variation in subsequent care pathways. These variations 
are, in turn, likely to impact on outcomes important to 
patients and follow-on services such as hospitalisation and 
new admissions into residential care. This initial work has 
therefore highlighted the potential for the use of maps to 
inform service developments for this patient group both 
within the ambulance trust and for other health and care 
partners in the region.

Lessons learned
This feasibility study facilitated the opportunity for 
iterative discussions regarding data provision and 
analysis within the project and for future work. As 
only a subsection of the population was included, 
maps at MSOA level were easier to view and inter-
pret than at LSOA, particularly when focusing on 
dementia records alone, and the potentially sensi-
tive nature of the data also supported larger group 
sizes. Understanding the variety of patient pathways, 
for example, between-hospital transfers which were 
represented in the data, was also essential to define a 
clear baseline population. Prioritisation of resources 
within already busy health systems is challenging, and 
supporting work with committed time from academic 
colleagues with clearly specified joint objectives and 
benefits is essential to garner management support. 
Gaining clinical representation from across the oper-
ational region is also key to enable data interpretation 
specific to localities that may be of further interest to 
explore for this population and to plan next steps. 
Mapping underlying care structures is important 
as healthcare funding still remains inequitable in 
areas with higher deprivation.20 Therefore, mapping 
existing health services and stratification of data by 
deprivation in future work are important, as both of 
these factors are influenced by locality, and are likely 
to be key factors influencing conveyance decisions.

Implications for practice
Although this project was designed to test the feasi-
bility of the workflows and methods, there are already 
potential implications for practice that can be iden-
tified. Having an ePR that effectively captures health 
conditions common in older people and social factors 
which may influence their care is key. This enables 
clinicians on scene to accurately and consistently 
record information on frailty, dementia and social 
support. Examining this data on a local area level 
in conjunction with aggregated data sets from other 
services, such as local authorities or public health 

observatories, may provide a more detailed picture of 
patterns in population need to enable the develop-
ment of solutions for localities with high demand and 
inequalities in care access and outcomes. Older adults 
are a key focus for the development of alternative 
care pathways, in accordance with national strategic 
plans and the SCAS organisational aim of maturing 
from an emergency point of contact to becoming 
an integrated and urgent care service. This fosters 
closer working with local health and care services 
to continue to prevent inappropriate attendance at 
emergency departments.21 22

The methods of extraction and analyses for this specific 
data set can be reproduced to aid evaluation of service 
developments and shared with the ICS in the region and 
other ambulance services through the National Ambu-
lance Research Steering Group and the Q Community 
Ambulance Special Interest Group, for example, as a 
policy brief, as used in previous collaborations5 to support 
evidence-based practice and service delivery.

Implications for further work
The remit and roles of the ambulance service work-
force continue to evolve,23 and their intersection with 
a variety of patient care pathways may be usefully 
informed by a more precise view of local services, to 
which geospatial data may contribute. However, feed-
back from onward care services is rarely received by 
ambulance clinicians, and with an increase in alterna-
tive pathways,24 knowledge of patient outcomes may 
be important to increase confidence in their use.25 
For those aspects of the workforce with focused geog-
raphy, such as community first responders, geospatial 
analysis could be used to inform recruitment initia-
tives and training programmes to better meet local 
population needs. Exploring the role of geography 
in potential differences in transfers to Emergency 
Departments from care homes according to advance 
care plan availability and content may also reveal 
scope for further locally based interventions.26 27 
Further development of the ePR to include other data 
important to inform practice, for example, routine 
use of the Rockwood Frailty Scale in older adults and 
more detailed information on the existing care avail-
able at home, would be valuable. Finally, given the 
evolving changes in population healthcare needs and 
methods of meeting the demand during and after the 
global coronavirus health emergency, with concur-
rent upticks in workforce shortages across health and 
social care, it is likely that temporal trends in emer-
gency service needs and subsequent conveyances may 
be observed and therefore geospatial analyses should 
be regularly reviewed to monitor changes and support 
timely responses within the integrated care systems.

Limitations
Although data on acute care locations and services was 
not added to the maps at this stage, the discussion sessions 
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were useful in identifying this and other data which may 
influence outcomes and should be considered going 
forward. Static maps enabling visual comparisons only 
were used for this feasibility project, but further work can 
include online maps of increased complexity to overlay 
variables enabling closer examination of more localised 
areas within the region, and the ability for the reader to 
choose which variables are viewed.

CONCLUSIONS
Creation of choropleth maps to represent older people’s 
use of ambulance services and their characteristics and 
outcomes is feasible and desirable. Clarity around data 
availability and use, governance procedures and involve-
ment of a multidisciplinary team is essential. Maps can 
highlight areas of variation in care and outcomes and 
provide a useful starting point to explore equity in service 
provision both within and beyond urgent care services. 
Geospatial information could be useful to inform the 
design of prospective studies of care models and also be 
used in their evaluation.
X Carole Fogg @carole_fogg
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