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ABSTRACT

Background: More than 50 million people die every year
in the world. A vast majority, however, does not have access to
minimum measures to alleviate unnecessary suffering, or even
less, to palliative care. Even in places where such care exists,
availability of services does not mean, automatically, that they
are equally accessible to the population that needs them.

Methods: With data from the Autonomous Community of
Extremadura in Spain, we generated a mapping model using
ArcGIS 10 as a network and spatial analysis tool, which takes
into account estimating time to access physical facilities and
professionals, and equity indices, to illustrate how potential
accessibility could be affected by the presence or removal of
administrative, policy-driven restrictions.

Results: The approach allowed multiple levels of analysis
of administrative restrictions impact on potential accessibility
of services. First, it was shown how the minimum average
access time to the closest palliative care services in the eight
administrative areas of the Autonomous Community was

Background

Only less than 8% of the 100 million people who would get
benefits from palliative care worldwide in each year can access
the service [1]. Even though we all wish for a pain-free and
dignified death, this is denied to the majority of humans today as
90% of the world’s morphine is used by 16% of the population.
This is a shameful reflection and situation on our species, which
is revealing our entrenched emphasis on curative treatment
while ignoring the inevitability of death.

Throughout the world, policy makers and clinicians faced
with limited resources, favour strategies and actions that
prioritize the diagnosis and treatment of illnesses wherever they
can save lives. Thus, even in many high-income countries, end-

much shorter than the national average. A similar picture was
shown in relation to access times to the nearest hospital-based
teams. As the measures used did not take into account the
population of the municipalities, a third analysis considered
potential demand levels, and involved Gini indices and Lorenz
Curves, revealing that administrative restrictions may lead to
inequity in access to palliative care services.

Conclusion: The simultaneous use of maps of accessibility
and coverage, illustrating the relative distribution of the
resources in a population, while displaying the levels of
coverage according to access time to physical facilities and
professionals, with and without administrative restrictions,
could be of great value to decision makers attempting to
promote optimal levels of equity in a large, low-density
geographic areas.

Keywords: Equitable accessibility; Network and spatial
analysis; Medical geography; Rural health; Modeling

of-life care is left to the charitable and voluntary sector, which
have to underscore its importance and are responsible for the
majority of the funding [2]. As a result, dying is still seen as a
sign of the failure in practically all health systems, leaving as a
remote possibility the realization that dying well is an essential
duty of a caring and civilized society [3].

Even in places where palliative care exists, availability of
services does not mean, automatically, that such services are
equally accessible to the population that needs the services.
One of the key elements that needs to be taken into account
during the study of disparities, particularly at the end of life, is
geography, as accessibility of health services is often influenced
by the distances that people have to travel, and the time it takes
them to reach them, as well as by the spatial distribution of
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health care providers and the patients who could benefit from
their services [4].

Location-related issues, however, are rarely addressed
by health equity research, as most efforts tend to focus on
describing and analyzing the distribution of social determinants
of health [5]. The methodology we describe here attempts
to fill current niche, by bringing together, simultaneously,
mapping technologies, indices of equity and estimates of time
to access physical facilities and professionals, with and without
administrative restrictions. Such approach could be of great
value to anyone interested in optimizing potential accessibility
of services (the aggregate health resources that are available in
the area, regardless of their use), to ensure that the actual use of
the services available in a given location matches the needs of
the population at end of life equitably [6].

Extremadura (Spain) is a region with clear geographical and
demographic handicaps, as defined by the European Union (EU)
itself. This region is defined by a very low population density (26
in hab/km?), motivated by the dispersion of its inhabitants and
the concentration of most of them in small towns, taking only
one exceeds the 150.000 inhabitants. In addition, demographic
ageing, reduced or zero average annual population growth rate,
the emigration of the young population, the high unemployment
rate, or the large proportion of population occupied in the
Administration, are other factors that make the daily evolution
of the Extremadura region [7].

Only few references have been found in areas of study
with similar characteristics and features (albeit density), such
as some works developed in the coastal counties of Australia
[8,9]. The remaining corresponds to crowded cities and with
a very different demographic and economic dynamics or to
regions with similar characteristics. Hence, the fact that the
methodology used based on the literature review carried out,
to deviate from the existing literature today briefly. In rural
and more remote areas, there is a need to provide services for
palliative care due to the long distance and time of access to the
resource population. In the region of Canada, study has shown
the need for resources of CP in nearly 50 regions [10].

Methods

The geographic context for the study was the Autonomous
Community of Extremadura, Spain. This region has had a
palliative care program fully integrated into the public health
care system since 2002, which resulted from a decision by local
health care authorities to guarantee full palliative care coverage
as a basic right. Services are organized in eight “health areas”,
with a palliative care team each, which operates under the
direction of a regional coordinator, and is supplemented by
mobile teams operating from eight acute care hospitals (Figure
1). The provision of palliative care in Extremadura is based on
need alone, and is not conditioned by the patient's geographical
location, his or her condition or disease, or on the ability to pay.
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Figure 1: Health ordination in the region of Extremadura: Public health areas and palliative care services.
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Achieving this goal has been challenging, not only because of
the limited resources available, particularly since the beginning
of the economic crisis, but also because of the negative growth
and low density of a rapidly ageing population (Figure 1) [7].

The software used to generate the model and mapping was
the generic geographic information system, ArcGIS 10, used as
a network and as a spatial analysis tool.

The spatial data were drawn from the geodetic system ED50
(European Datum 1950) and the Universal Transverse Mercator
(UTM) cartographic projection, projected in the 30 spindle for
the study area.

The basic unit of analysis was the municipality, including
relevant data in both the supply and demand side. Each
municipality was represented by the centroid of the urban core;
using coordinates provided the National Geographical Institute
in each case [11]. The total population of each municipality was
estimated based on data from the 2009 Municipal Register [12].

The limits of each of the health services areas were set by
aggregating data included in the inventory of Primary Care
Centers of the Spanish Ministry of Health and Social Policy
[13].

The tolerance used to project the punctual elements on the
network was 2.5 km. The impedance was calculated by dividing
the span length between the same specific speeds, obtaining the
time that takes to pass through a given road portion.

The road network mapping used in this study was based on
data generated by our research group during the evaluation of
the accessibility of centers of economic activity in mainland
Spain in 2008 [14].

The cartography included all the roads of Portugal and
other regions of Spain to allow the generation of an open
communication model.

From the above elements, a transport model was established
by defining the tolerance to project-specific elements on the
network and by assigning impedance to each segment of the
network. From the impedance data, the time separating two
locations within the transport model was estimated, enabling
the creation of a matrix of origin-to-destination times for the
entire region.

The matrix of origin-to-destination times is defined by
the municipalities (as a source) and palliative care services
located in the hospital of reference (as a target). The centroids
of the municipalities have been weighted on the basis of the
claimant population, although only has been conducted in
those with more than 10,000 inhabitants. On the other hand,
in these municipalities it has been considered also the weight
of the population that each one of the census districts defined
by the INE, aiming at much closer to the reality of the density
and flow that present major cities in its different spaces. The
weighting has been held in the municipalities of less than 10,000
inhabitants because it has been considered that the population
entity, the density or movement of these flows would not effect
on the results of the matrix, especially when they are having the

lower socio-economic dynamism of the region.

The estimate of the urban time has been calculated
considering this travel time as variable depending on the
characteristics of the urban core. Since the time analysis carried
out in this research considers all the urban areas of Extremadura
and the peninsular centres of economic activity. In considering
the density of resident population, the running speed and radius
of the urban surface, so much for the urban nucleus that receives
the station of departure as that of arrival, are departing from
the premise from that all the urban areas are considered to be
circular. The population of each municipality is obtained from
the municipal census relative to the year of 2011 and the urban
surface of the National Cartographic Base, 1:200,000 scales.
These travel times are estimated based on the population density
of the areas, through a linear fit that allocates a maximum of
80 km/h to the areas of lower density and a minimum of 20
km/h to the more populous ones [14,15].

For estimates of the time to access a particular service
located within the same municipality, the urban displacement
time in that municipality was counted only once. Calculations
of the time required to access a health facility that requires
transportation across municipalities were obtained from
estimates of the time by road between them, as well as the time
urban time within each of them.

Data on each of the palliative care services were obtained
from existing official directories, including:

* Name and location of the site, equipment or resource

* Resource type: Palliative care unit, clinical support teams
(hospital-based, home-based or mixed), psychosocial
support teams, service coordination, research teams, day
units or rehabilitation facilities

* Financing model: Publicly-funded hospitals, private
hospitals in agreement with the National Health Services
or private hospitals without agreement

» Staffing: number of physicians, nurses, psychologists,
social workers and other health professionals

¢ Number of beds, whenever relevant

* Expected level of population and geographic coverage
assigned by the regional health authority [16].

The accessibility indicators were selected based on a
typological classification proposed for key health services in
Mexico, modified to account, simultaneously, for determinants
of supply (professionals and physical resources) and demand
(population) (Table 1) [16].

The geographical indicator of accessibility (4, ), per 100,000
people, was calculated thus:

Z[]mu XPu
Am==——100,000

where Amol%nthe accessibility in Municipalitym (,, ); U, is the
users accessing the resources available in Municipality (, ); P,
is the partition of the resource by users who have access to the
same resource; Pop, is the population of m.
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Table 1: Abbreviations of the variables/indicators.

A Indicator of accessibility

. Municipality m

U Number of user in Municipality m accessing the resource of u for all the municipalities that are within the time limit of
7z resource u

P, Partition of resource by users who have access to the same resource

Pop ~ Population in each municipality

Td Time required by municipality m to access resource u

Tl Time limit (1 h)

R, Number of professionals available in unit u

M, Municipality coverage

j Services available in a municipality

Osp, Occupation rate (expressed as a percentage) of a given service

Mdpj Population serviced by each municipality

N Number of services

A, Access time expressed in minutes

This approach avoids having to assign a population
exclusively to a single resource and to consider the distance or
access time involved in each case.

The level of user access to a resource (U, ) was estimated as
a function of time. It was assumed that municipalities that are
more than one hour away were not used; that is, the population
accessing it was equal to 0 min. Similarly, it was assumed that
municipalities that were 0 min away from a resource could
serve the entire population. For the rest, direct interpolation in
time function was achieved thus

Td,,
T,

where Td_ is the time required by municipality m to access
resource u; 7/ is the time limit (1 h).

U =rop, [ 1-

As the friction of the distance causes likely following
a complex curvilinear pattern, with less marked falls in very
long and very short distances, it was assumed that a linear loss
could provide a reasonable easy-to-understand approximation,
particularly given the lack of actual data on which to apply a
friction component model.

Finally, the participation of a resource according to the
number of users accessing it (P) was assumed to depend
on its size and the total number of users that can access all
the municipalities that were within the time limit as shown
below:

R
P = u
u U

m=1 mu

where R is the number of professionals available in unit
u, U is the number of users in Municipality m accessing the
resource u and all the municipalities that are within the time
limit of resource u.

Although, in principle, any resident can attend any health
facility, anywhere in the region, a number of additional
assumptions about accessibility were made. The actual
accessibility level, for instance, depends not only on geographical
factors but also on administrative ones. Thus, two equity models

were established: one estimating coverage with barriers created
by internal management and another without such barriers.

The level of municipality coverage, M , was obtained on the
basis of the distance between the municipality of residence of
the potential user and the location of the service as follows:

Y :Zn Osp; x Mdp,

¢ & Pop,

wherej corresponds to the services available in amunicipality;
Ospj is the occupation rate (expressed as a percentage) of a given
service; Mdpj is the population serviced by each municipality;
Pop, is the population in each municipality. The level of service
occupation (in percentages) is given by:

s

Osp =
P Mdp

where N is the number of services. So, the population
serviced by a municipality is calculated thus:

Mdp = Pop,, x (1 - i]

60

This is only calculated by a service if it takes less than 60
min and is included within the established administrative barrier.
Access time (4)) is expressed in minutes. If'it is true that most of
the literature advocates locked in 30 min the limit or the uptake
of health services demand barrier, it is no less true that there are
also other authors which extend this up to 60 min, especially
when the study area presents a considerable expansion and a
low population density as it is the case [8,9,17,18].

The indicators can be used to calculate the level of
accessibility with administrative restrictions imposed by
internal management decisions, or without such barriers. In
the restricted model, residents can only be supported by the
service/equipment/resource, organizationally assigned by their
corresponding municipality. In the unrestricted model, mapping
and graphical representations of the potential accessibility for
the population remove internal administrative constraints for
services, ensuring that hospital-based teams would always
be available to patients within 60 min of travel time, while
assuming a linear loss.

The variables can then be displayed in exposed thematic
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cartography with perceptive properties well suited to represent
the type of quantitative information generated by the formulas.
In addition, a manual interval method is used to illustrate the
variables in the legend as a logical and statistically consistent
way.

The distribution of the values on the map follows an
interpolation method based on the inverse of the distance
weighted (IDW), assigning weights to the data in inverse
function of the distance to a particular service point. In relation
to the accessibility of the population to the resources, the
indicator of minimum time access allows to determine how long
it takes to reach the nearest service.

To improve the ease of interpretability of the maps, Lorenz
curves and Gini indices were added [19,18,20]. The former was
obtained by dividing the coverage range into ten equal parts and
representing each decile of coverage along the horizontal axis
with the percentage of the total available to the population on
the ordinate axis. The Gini index was estimated according to the
methods proposed by for grouped data, with zero corresponding
to perfect equality (everyone has access to the same resources)
and 1 corresponding to perfect inequality (only one person has
all the resources and the others have nothing) [20,21].

Results

The first analysis we conducted focused on potential
accessibility based on the time required to reach a service

from the municipality of origin. Here, the findings for hospital-
based teams is shown in Figure 2. In this map analyzed, the
color scheme allows the differentiation among time ranges,
in minutes, across municipalities that have the same distance
to a particular resource. In Extremadura (Spain) as a whole,
the minimum average access time of all municipalities to the
closest palliative care services was estimated at 33 min, while
the maximum was 81 min, much better than the national figures
(minimum average time of 41 min and maximum average time
of 130 min). As it could be seen in the same map analyzed, in
the frontier territory there are also areas with very low values
of potential accessibility. These areas have less developed
communication channels or more rugged terrain. As expected,
accessibility decreases the farther municipalities are from a city
with palliative care services available (Figure 2).

The map describes the access times to the nearest hospital-
based teams, averaged over all municipalities in a given health
area, disregarding their population size. In this case, the minimum
average of the eight health areas is 33 min, while the maximum
is 64 min (in the Don Benito—Villanueva area). Once again, these
data compare favourably with the national average times, where
the maximum average times shoot up to 98 min. This measure
of accessibility, which does not account for the population in
the municipalities, could be a fair measure of localization in
equidistance terms, but not in relation to the level of service
demand. Obviously, this approach favours smaller areas, provided
that they are adequately equipped (or supplied) (Figure 3).
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Figure 2: Minimal time of access: Population to the palliative care hospital service.
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Figure 3: Average by areas of travel time access: Population to the palliative care hospital service.

The various accessibility levels for the population when
internal administrative constraints for services were removed
and the corresponding Gini indices and Lorenz curves. The
average number of accessible resources within 60 min of travel
time was 0.6 with a maximum of 1.4. When compared with
national estimates, the mean value is slightly lower at 0.5, with
a much greater difference in relation to the maximum number,
2.6, for mainland Spain as a whole (Figure 4 and 5).

Administrative constraints were associated with reduced
accessibility in terms of the proportion of the population that
could access the nearest resource within 30 min, or that had to
travel more than 60 min to do so, as compared with the natural,
unrestricted conditions (Figure 5 and Table 2).

To conclude, it seems essential to include a table that compares

the total population residing in each of the areas of health and
the population that accesses the services of palliative care with
or without administrative barriers in the analysis. Only in this
way the politicians and managers linked to the health services
in the Extremadura region can use the valuable information
presented here. The tremendous illustrator of the differences
that exist applying barriers defined by the administration with
regard to access to health services, in this case offered palliative
care in referral hospitals, and if the same shall not apply. The
claimant population of the services with or without barrier in
each of the areas of health can be seen in the table. Likewise, it
can be also shown in the same degree of coverage. There is no
doubt this table would be of greater assistance to policy makers
in the face of their actions in order to promote equity in access
to health services (Table 3).

Table 2: Comparative access indicator in Extremadura.

Comparative access indicator in Extremadura

Average Coverage (resources per 100,000 inhabitants)
Gini index
Mean time to the nearest resource (min)

People needing to travel less than 30 min to reach the nearest resource
People needing to travel more than 60 min to reach the nearest resource

Without restrictions With restrictions

0.82 0.82

0.27 0.32

21.6 21.6
76.9% 69.6%
2.6% 4.9%
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Table 3: Differences that exist applying barriers defined by the administration with regard to access to health services.

Public health area  Population 2009 De.mand WithOl.lt Coverage.without Demanfi with Coverage with
barriers (Population) barriers barriers barriers
Badajoz 270,317 296,737 1.098 175,269 0.648
Caceres 198,409 243,548 1.228 123,504 0.622
Coria 47,979 52,110 1.086 34,216 0.713
LGRSO 142,040 113,951 0.802 81,841 0.576
Villanueva
Llerena-Zafra 106,731 83,220 0.780 64,674 0.606
Merida 166,158 281,818 1.696 112,084 0.675
Navalmoral 54,630 56,049 1.026
de la Mata 41,415 0.758
Plasencia 111,480 148, 067 1.328 77,006 0.691

Total 1,097,744 1,275,499 1.162 710,009 0.647
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Conclusion

The methodological approach we have described here
illustrated with real-world data, complements more traditional,
descriptive and static methods that rely on the absolute amount
of resources in a given region to plan and deploy palliative care
services. The simultaneous use of maps of accessibility and
coverage, illustrating the relative distribution of the resources
in the population, while displaying the levels of coverage
according to access time to physical facilities and professionals,
with and without administrative restrictions, could be of great
value to decision makers attempting to promote optimal levels
of equity in a large, low-density geographic area.

It was intriguing to see how administrative constraints may
lead to decreased access to services and equity. If confirmed
by prospective studies, this finding could act as a cautionary
message to well-intentioned policy makers hoping to level the
playing field for people at the end of life.

The methodology we have presented here could also be of
value to decision-makers interested in equitable provision of
other kinds of services in other regions of the world [10,22].

The user-friendly process could also make it attractive as
a means to simulate future scenarios before the deployment
of services in vast geographic areas. By enabling the “virtual”
manipulation of modifiable variables such as the geographic
boundaries of a service area, or the number of health
professionals in a particular facility, this approach could help
ensure that potential accessibility does, in fact, reflect the
level of received accessibility, without additional cost, while
reassuring the public about the value added by political and
administrative decisions that intend to promote equitable access
to crucial services.

The proposed methodology is a theoretical model that has
not been validated by health professionals or political managers
from the modification of the guidelines that indicate the
existence of administrative barriers in access to health services.
The proposed theoretical foundation must be validated for
comparison with cases that already have been implemented in
other regions or cities in the world.

However, it remains less certain that this research is
based on a study commissioned by the Ministry of Health in
2009 consultant, expert managers of the health systems of the
different Autonomous Communities and teachers from many
Spanish nationwide universities. On the other hand, while it
developed work, aiming to go by participant to the national
health community, several interviews and surveys were
conducted to know their opinions. In the case of Extremadura,
interviewed the five heads of the Extremadura Health Services
in issues related to palliative care, which not only opined
about the State of the Service at that particular moment, but
it is also involved in the development and the first results of
the theoretical methodological proposal was carried out in
the region showing at all times compliance with the process
followed. Obviously, political decision-makers are ultimately
responsible for applying or not all the studies that are carried out

on questions as delicate and difficult to implement as the health-
related. However, having the support of leading practitioners
in the region is already an important step towards possible
encounters and meetings to discuss its implementation.

To conclude, it is necessary to accept the patent limitation
that defines, in a way, the scarcity of sources for regions with
socio-economic characteristics such as exposed here. However,
this research continues to be evident the need of studies as the
here exposed face to alleviating healthcare deficiencies of the
population resident in these most depressed areas. The same
National Government, as expressed in the evaluation of the
national strategy for palliative care of the national system of
health, speaks of the need to expand the range of resources
throughout the country and improve its efficiency and territorial
cohesion [23,24].
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