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Abstract: In recent decades, identification of social mequalities in transport has claimed a new found relevance
i academic circles. Special attention has been given to the social consequences of unequal access to
different urban services and amenities. The city of Manizales, Colombia is one example of a spatially
and socio-demographically segregated city m the global South. Such segregation has visible effects among
different social groups on the levels of access to essential services for their well-beng such as healthcare. This
research examines inequalities in access to emergency service facilities between different social groups from
a spatial perspective mn urban areas. Using geographic mformation system and socio-demographic and
economic secondary data as well as primary information from emergency service providers in the city, we
identify levels of geographic accessibility to emergency service facilities m areas with marked differences in
terms of income, access to infrastructure and local availability of healthcare facilities throughout Manizales. Our
findings reflect wide gaps in the time required to respond to a medical emergency in areas of different
soclo-economic strata n the city.
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INTRODUCTION

Health mequality studies have mamly focused on
measuring quality of services, financial affordability and
mformation availability (Pickett and Wilkinson, 2015).
‘Most of the research to date has focused on equality of
treatment and/or health outcome rather than on equality
of opportunity” (Neutens, 2015). Furthermore, social
inequality regarding access to transport and opportunities
has recently gained relevance in academic and policy
circles. The analysis of accessibility can help to identify
in great detail how different urban areas can suffer from
lower levels of accessibility including healthcare (Higgs,
2004). In the global South, low life expectancy, high rate
of road traffic accidents, absence of services or amenities
and low human resources are some examples of health
issues that burden the system in low and middle income
countries. However, these are a product of social
inequalities due to differences in the distribution of
income, education, etc.

The term mobilities describes the displacement of
people, goods and information (Ohnmacht et af., 2009) the
location of medical emergencies is framed by ease of
access to HSFs, quality and density of transport
infrastructure are factors that impact efficient mobility.
Thus, a lack of access to resources 18 a contributor to
mobility inequalities (Ohnmacht et al., 2009; Sheller and
Urry, 2006). Accessibility s one way to assess the
impacts of land use and transport strategies such as
defining the most efficient location for healthcare services
according to different factors such as access tune,
technological and human resources, etc. (Geurs and Wee,
2004; Higgs, 2009). In a number of studies, accessibility
methodologies have facilitated better planning and
coverage of healthcare facilities. For mstance
Mississauga, Canada, access to healthcare has important
disparities due to some patients looking for physicians
with certain language capabilities (mother tongue)
(Bissonnette et al., 2012). In Niger, areas were identified
that lacked healthcare facilities and overestimated demand
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because measurements were only taken during the dry
season and significant changes occur in the wet season
(Blanford et al., 2012). In Rwanda, the accessibility to
healthcare facilities was assessed through three travel
scenarios (walking, walking and cycling, walking and
public transport), finding that walking and cycling were
the best options to ensure the highest coverage of the
population (Munoz and Kallestal, 2012).

Tnaccessibility is related to the lack of amenities and
transport (Church et al., 2000, Graham and Marvin, 2001).
In cities in the global South, there are greater transport
disadvantages and social exclusion in the peripheral
zones where low income groups coexist (Lucas, 2011;
Hernandez and Titheridge, 2016) with black or coloured
people who live long distances from their jobs or
education. These areas also have insufficient services and
amemties mecluding climcs, hospitals and libraries (Lucas,
2011). Moreover, emergency medical transportation used
n the global north 18 expensive for countries in the global
South (Razzak and Kellermamm, 2002). The health
inequalities induced by health system in every country
could be overcome providing access to everyone,
adequate resources and function properly (Marmot, 2007).
Some researchers have sought to discover the best
choices for healthcare planning in broad areas such as a
country (McGrail and Humphreys, 2014). However, the
mequality in access to these amenities has rarely been
studied (Hawthormne and Kwan, 2012). Planning of
healthcare services 1s not focused on overcoming social
inequalities but rather geared towards profitability.

Evaluating accessibility to Emergency medical
Services (ESF and AD) must consider minimum travel time
which 1s the principal factor that decreases mortality rates
(Cromley and McLafferty, 2011). Researchers have been
focused on correlating the response time (interval
between the AD and arriving on the scene) with deaths.
For instance, one study found an interval of 5 min was
related with enhanced survival in urban areas (Blackwell
and Kaufman, 2002). Other researchers for non-traumatic
cardiac arrest patients, found an interval between 0 and
4 min of response time (mterval between AD and event)
to have more probabilities to still alive (Pons et al., 2005).
Many researchers are making efforts to improve services
m the future m terms of planning and response time
(Indriasari et al., 2010; Sasaki et al., 2010). However, there
are several factors that are difficult to take into account,
including scene time, time of call, traffic jams, Emergency
medical Services (ESF and AD) being far away, etc.

ESF are one of many healthcare services and are
usually located in a hospital or other primary care
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centre. These facilities provide medical care for critical
and non-critical patients who are transported by
ambulance. However, mn a life-threatening emergency,
patients face many critical factors including time
(Blackwell and Kaufman, 2002). These factors become
even more critical in low and middle income countries as
access to ESF 1s unequal. For instance, in Monterrey,
Mexico, the death rate mside ambulances decreased from
8.2-4.7% when AD was increased from two facilities to
four between 1992 and 1997 (Arreola-Risa et ai., 2000)
demonstrating the importance of rapid response.
However, there are some countries where ambulances are
not the best option to arrive at an ESF. In Tanzania,
bicycles with trailers, tricycles and
tractors with trailers are used for emergency
transportation (Schmid et al., 2001).

The research hypothesis i1s based on the fact that

exists inequality in the provision of emergency services

with platforms

which 15 mtensified by poor urban plamning and the
geographical patterns of recorded emergencies. Hence,
this research seeks to link social and health inequalities in
access to Hmergency Service Facilities (ESF) and
Ambulance Dispatches (AD) through an analysis of
spatial accessibility and the coverage of emergencies
that occurred between 2010 and 2015, comparing
Life-Threatening (I.T) and Non-Life-Threatening (NL.T)
emergencies. We chose Manizales, Colombia, capital of
the province of Caldas in Central Colombia (Fig. 1) which
has special characteristics such as abrupt topography
and a lack of wban planning with its historic
development along the hills. Mamzales has been
marked by limited land-use regulations that have
led to the development of informal settlements in
unsuitable  land and
(Chardon, 2008).

The government has tried to relocate some of these
informal neighbourhoods to the peripheral areas which

environmentally rnisky areas

contributes to socio-spatial segregation of the city. A
proxy for such socio-spatial segregation 1s reflected in the
socio-economic strata. Because every residential estate
that uses public utilities is categorized in a stratum
according to the economic capacity where stratum 1 is
generally associated with low-mcome populations and
stratum 6 with the richest citizens. This research explores
how gaps between social groups and wban spatial
distribution of facilities and population reveal some
inequalities. has 404, 805 inhabitants,
population growth 1s <1% per year; also, the number of
elder citizens is increasing roughly 1-3% per vear,

Manizales

intensifying the pressure on the healthcare system.
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Fig. 1: Location of Manizales researcher from ESRI
MATERIAL AND METHODS

The combmation of statistical, GIS and road
mfrastructure datasets defined the model for analysis. The
performance of the applied methods depends on data
variation, finding that as the variation increases, the
accuracy of all methods decreases and the magmtude of
decrease 1s method dependent (Li and Heap, 2011). The
methodology have five stages and is described as
follows.

Analysis of emergency database: Data for emergency
events iclude 19 variables such as date, name of
ambulance, type of illness, location of event and name of
ESF where patient was attended. However, this data was
a mess due to writing and standardisation of variables.
Hence, it had a process of cleaning and transforming to
define the usable data. A total of 12, 810 events were
georeferenced between 2010 and 2015 (excluding 2012)
with an average of 2, 562 events per semester and a
standard deviation of 133 events per semester. Triage of
each event was specified by a physician, reducing usable
data to 11, 024 events of which 10, 594 events were
emergencies. In the research were used emergency data
from the fire brigade of Mamzales. The emergency events
were georeferenced in order to link the database
generated with the spatial location of each event and the
ESF and AD location.
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Review and updating of the road network and
georeferencing Emergency Services Facilities (ESF) and
Ambulance Dispatches (AD): In this research, the road
network 1s a digital node-and-link database represented
by a graph composed of 12, 626 links and 8, 837 nodes,
located geospatially. Tt was used the latest available
information for the Anonymous (2011) which were
updated using data collected by GPS equipment. The
healthcare system in Colombia researches through EPS
and IPS (Health Insurance Companies and Health
Facilities, respectively acronyms in Spanish) in Manizales,
there are about 142 IPS. However, 14 entities could attend
Emergencies (ESF) which were georeferenced as points on
the model through direct observation. The ambulances
that attend emergencies in Manizales belong to the
government through civil defence (Special group prepared
for non-combatant assistance to individuals such as
rescue, firefighting, first aid, shelter, feeding, etc.), fire
brigade and GER (Special Group of Rescue; acronym in
Spamish) and to the NGO’s through Red Cross, BYR
(Search and Rescue; acronym in Spanish) in six locations
of the city, two of them belonging to the fire brigade.

Calculation of operative characteristics of the available
road network: The road network dataset has an average
passenger-car speed by link and is a crucial input in
geographical accessibility analysis (Geurs, 2001) which
was used to determine travel time by link which was
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applied to calculate the shortest paths for AD and ESF,
using the algorithm by Dijkstra. Tt is used a spatial
approach to analyse accessibility of AD to emergency
events and from emergency events to ESF, based on
the shortest travel time (Cromley and McLafferty,
2011).

Calculation of average mean accessibility: The minimum
travel time of each node or emergency is calculated in
order to obtain the average travel time vector. Travel time
vector 1s shown as isochronous curves which were
calculated using a geostatistical interpolation methods
(Li and Heap, 2011). Every sampled node has a weight (A).
Tt depends of the distance between the zone that will be
predicted and the sample nodes. For short distances,
would have more weight than great distances. The travel
time of the points was multiplied by each weight,
forecasting travel times in the entire area being studied
using the following functions m Eq. 1 and 2:

T (%)= A Ty (X)) T4, T, (), T, ()

1
Ay T (X, A, T (X))
T (%) = YA, T, (%) @)

This methodology was based on kriging method; the
first develop of this method was carried out by Matheron
(1963), based on the Master’s thesis by Krige, a South
African Mining Engineer who used this techmque to
predict mineral reserves. Currently, Kriging method has
become an important geostatistics tool and it is used in
many topic areas. Geostatistical methods for spatial
interpolation are used to forecast count values at
unmeasured locations while computing the errors of these
predictions. They are based on the principle that
unobserved variables are autocorrelated over space and
this autocorrelation level decline with distance. Besides,
the values for forecasting depend on several observable
causal factors (e.g., physical characteristics of road
network and facility type). In general, spatial variables
could be defined as showed in Eq. 3:

7,(3) = W(s)+E (5) (3
Where:
Z;(8) = The average travel time, variable of mnterest
8 = The location coordinates (x, y) of site i
Z,(s) = The sum of the deterministic trend
] = An explanatory function of variables at location
1 and a spatially dependent error term
€ (s) = Generally, the errors are correlated over space
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The level of dataset spatial autocorrelation rely on
three semivariogram’s parameters: nugget effect, range
and sill (Wang and Kockelman, 2009). So, in this research,
the universal kriging method predicted the average travel
time for locations where there were no nodes in the
network, to build 1sochronous curves of mimmum travel
time. Ther, this method 1s a spatial estimation where the
error variance is minimized and was estimated unknown
values from the known values.

Analysis of coverage of isochrones curves: Isochronous
mntersected with emergencies
SOCIOECONOMIC Zones per year. Assessing coverage of

curves were and
emergencies with minimum travel time (event was
attended by the nearest AD and by the nearest ESF) and
measuring the coverage of emergencies, finding the time
between the actual AD that was dispatched to the event
and between the event and actual ESF that attended the
emergency, according to the stratum (where stratum 1 1s
households with low economic capacity and stratum 6 are
households with high economic capacity) of the event
location and accounting for the nature of the event (1.e.,
LT or NLT). This made it possible to calculate the
percentages of the population (404,805 inhabitants),
number of households (95, 361) and area (39.3 km?) that
are covered by the different 1sochrones curves.

Then, we estimated the loss of time for patients with
LT due to two factors. First, AD did not leave from the
nearest place. Second, the patient was not transported to
the nearest ESF. We quantified the events with loss of
time and optimal time by stratum of the event location per
year. Also, we measured the loss of time by stratum per
year. Finally, this study evaluated the spatial accessibility
for deaths from AD and to ESF. In this step, the
socioeconommic zones were intersected with deaths and
isochrones curves per year. We calculated the coverage
of deaths and loss of time by stratum per year. Loss of
time was calculated, firstly through a matrix with shortest
travel time between each AD to each emergency.
Secondly, another matrix was created with shortest travel
time amongst each emergency to each ESF. Thirdly, in
each matrix, we subtracted actual travel time from mimmum
travel time.

RESULTS AND DISCUSSION

According to isochronous curves both from AD and
to ESF (Fig. 2 and 3), peripheral zones were outside of the
optimal response time and transport time (zones were
attended by the closest AD and ESF, respectively)
but ESF had more coverage than AD. Knowing that
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Fig. 3: Spatial accessibility to ESF in urban area of Manizales researcher

low income people live in these locations, these
residences suffer a lack of AD, ESF and road
mnfrastructure caused by high slope and dreadful urban
planning.
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Coverage of emergencies by nearest AD (optimal): In
2015 if LT emergencies had been attended by the nearest
AD, the coverage by stratum are shown in Fig. 4a and for
NLT emergencies in Fig. 4b. The events which occurred
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stratum  with mummum response time from
AD 1n 2015; a) Life-threatemng events and b)
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in stratum 1 and 2 zones had the worst accessibility.
For LT events, 7% of emergencies m stratum 2 zones
had 5 min of travel tine. In contrast, for LT events 1n
stratum 5 and 6 zones, close to 100% had 5 min of travel
time.

This highlights the social inequalities in access to
AD. For NLT emergencies, high income =zones had
100% coverage while events in stratum 2 had coverage of
11%. Additionally, there was no difference in LT events
and NLT events. Next, we compared the cumulative
percentages of LT events in stratum 2 zones with 5 min of
response time per year. In 2010, 2011, 2013, 2014 and 2015
the coverages were 15, 11, 1, 16 and 7% respectively.
Between the years, there was not a huge difference,
although, 2015 showed the mimmum coverage. Even
though social mequalities and health mequalities have
been growing, the coverage could be considered
relatively constant. According to NLT events in stratum
2, the coverages with 5 min of travel time were: 18% in
2010, 11% 1 2011, 14% 1 2013, 9% m 2014 and 11% in
2015. This means that coverage was very continuous and
the attention to LT and NLT events was similar but the
percentages were very low. These sectors need better
infrastructure and AD to improve the service and
overcome social gaps which should be public policy
(Anonymous, 201 6a, b).

Coverage of emergencies by registered AD (Actual):
Emergencies were not always attended by the nearest

392

B -SR-S

5

Emerpencies LT (%)

20+

g 2

Emergencies NLT (%)

b2
o

(=

0121416182022242628303234 3638

Isochronous curve {min)

R ——
0D24681
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AD; the coverages changed significantly (Fig. 5a, b)
for both LT and NLT events when attended by
the AD that actually dispatched the ambulance. For
instance, 0% of LT emergencies in stratum 2 were
covered i 5 min, whilst 44% of LT events in stratum 5
were covered i 5 min. For NLT emergencies n stratum
2.6% were covered m 5 min while NLT events in
stratumn 5.44% were covered in 5 min the same as LT
urgencies. Although, all coverages were less than
coverages obtained by the nearest AD, social and
health inecualities are still present. When the delta
between strata was less, this was usually due to
a failure m logistics, not an attempt to overcome social
gaps.

In a comparison of coverages by vears for LT events
in stratum 2 with 5 min of travel time between AD that
actually attended the event, 2013 had the highest
coverage with 14%, 2010 was 9%, 2011 was 11%, 201 4was
9% and 2015 was 0%. Given that the first 4 years had
similar percentages but the last year was 0 indicates the
lack of planning in logistics and territory. Similarly, for
NLT events, the highest coverage was in 2010 with 10%,
the next 3 years of study had 3% of coverage and 2015
was 6%. Although, both coverages of LT and NL.T events
with 5 min of travel time were considerably low, this
shows a priority of attention to LT events. Nevertheless,

these percentages do not enable definitively concluding
this.
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Comparison of coverages between minimum travel time
and actual travel time of LT emergencies by AD:
Comparing coverage with minimum travel time (Nearest
AD-Emergency) and coverage with actual travel time
(Actual AD which attended event-emergency), the
highest time gap was in stratum 5 and 6 (Fig. 6a-c).
In mtervals of 5 min for 2015, there was a difference of
56% of coverage in emergencies in stratum 5. For
stratum 2, the maximum gap was 8 min with a difference of
40%.

In a comparison of the time gaps between years with
an interval of 5 min for events mn stratum 3, in 2010 there
was a difference of 72%, in 2011 of 75%, 11 2013 of 65%, 1n
2014 of 50% and in 201 5 of 56%. With an interval of 8 min
which was the most common maximum time gap in
coverage of emergencies in stratum 2, in 2010 there was a
difference of 27, 37% in 2011, 36% in 2013, 38% in 2014
and 40% in 2015, Time gaps have been decreasing for
high income zones while for low income zones, they have
been increasing. More social inequalities arise due to first
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a lack of access and second a failure in logistics as seen
in data from recent years in stratum 1 and 2. Conversely,
the highest time gaps were in high income zones due to
there being more AD than other zones. Hence, when an
emergency occurs in stratum 5 or 6 and is not attended by
the nearest AD, this generates huge gaps. When an
emergency happens in stratum 1 or 2 and is not attended
by the nearest AD, it does not produce a large difference
in time because the time gap between the nearest AD and
the AD which actually attended the event was not
significant as they are both far away.

Coverage of emergencies by nearest ESF (optimal):
Congidering that emergencies are attended by the nearest
ESF, the coverage shown n Fig. 7a, b reveals the lowest
coverage with an interval of 6 min for both LT and NL.T
events in stratum 1: 52 and 51 %, respectively. For LT and
NLT events mn stratum 5 with the same mterval of
time, there would have been a coverage of 94 and 92%,
respectively. Similar to the coverage for the nearest AD,
social inequalities are present for ESF.

However, the coverages of emergencies in stratum 2
were better due to one ESF located in the North of
Manizales in a neighbourhood in this stratum. However,
this means that all the actors (government, private sector,
ONG, etc.) must make efforts to improve emergency
medical services. In the 5 years being studied, the
tendency of coverages for LT and NL.T events stratum 1
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with 6 min of travel time was siumilar where for LT
emergencies the coverage was 40% in 2010, 20% in 2011,
32% 1n 2013, 49% in 2014 and in 2015 was 52%. NLT
events coverage in 2010, 2011, 2013, 2014 and 2015 was 39,
53, 53, 49 and 51%, respectively. For LT emergencies in
stratum 5, the coverages in each year were 94, 100, 100,
100 and 94% respectively. For NLT events in stratum 5,
coverages were 100, 93, 98, 91 and 92%, respectively.
This indicates that for low ncome zones there was a
priority of NLT emergencies in the journey to ESF in the
first 3 years of study while for lugh income sectors there
was a priority of LT events in the 5 years of
study.

Coverage of emergencies by registered ESF (actual):
Coverage of LT and NLT emergencies by ESF which
actually attended the event were different from coverage
with nearest ESF (Fig. 8a, b). In this case, the coverage for
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both types of events m all strata were similar. However,
the low income zones had the worst coverage and
accessibility. For instance, 6 minutes of transport time
coverage for LT emergencies in strata 1 and 2 was 13% for
each. For NLT events, it was 26 and 17%, respectively.

The highest coverage of LT emergencies was for
events i stratumn 4 with 42% and for NLT events was in
stratum 5 with 62%. Comparing vears of study in
coverages of events by actual ESF in 2010 a coverage of
LT emergencies in stratum 1 with an interval of time of
6 min was 40, 20% m 2011, 32% m 2013, 45% in 2014 and
13% in 2015. For NLT events, the coverage was 39% in
2010, 53% 11 2011, 53% m 2013, 49% m 2014 and 51% in
2015. This data show that NLT emergencies have a
priority compared to LT urgencies. Ambulances were
transporting NLT events more quickly than LT
emergencies but this should be the opposite as LT 1s more
urgent than NLT.
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Comparison of coverages between minimum travel
time and actual travel time of LT emergencies by ESF:
Like AD coverages, the LT emergencies in strata 5 and 6
had the highest gap of coverage (Fig. 9a-c). For instance
with an mterval of 6 mimn there was a difference of 74 and
70%, respectively. For LT events i strata 1 and 2, the gap
was 52 and 53%, respectively with an interval of
time of 8 min (Fig. Qa-c). This means zones with a higher
density of amenities and services (AD and ESF)
generate greater loss of time due to poor execution of
logistics.

In a comparison of gaps of coverage between years
of study m LT emergencies m stratum 1 with 8 mm of
transport time, 2010 had the largest difference of coverage
with 62% while in 2011 it was 31%, in 2013 was 48%, in
2014 was 46% and in 2015 was 53%. For LT events in
stratum 5 with 6 min of transport time, there was a
difference of 35% m 2010, 42% m 2011, 61% m 2013,
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57% in 2014 and 74% in 2015. For ESF, the gap of
coverage has been increasing in low income zones. In
high income zones, there was decreasing with respect to
AD. Hence, there are two huge issues; first there 1s no
policy 1n logistic of attention and second there 1s no
policy in urban planmng to generate an optimal coverage
of both LT and NLT emergencies.

Loss of time: Knowing that the gap in coverage is
considerable in each zone of the city, it 18 mmportant
to highlight that emergencies i stratum 1 had the
highest percentage of events which did not lose time
with 23% (Fig. 10a, b). Other strata justhad approximately
8% of the events. Also, the highest % of emergencies lost
time m both journeys from AD to event and from
emergency to ESF i each stratum (as shown m Fig. 10a,
b). A small fraction of events lost time only in the journey
from AD to the event. Emergencies lost more time in
journey from emergency to ESF due to the city having
more ESF than AD. This means that more amenities
generate a higher probability of lost time.

The emergencies in stratum 3 had the greatest loss of
time (sum of loss of time of each emergency) because
these zones are where most emergencies took place and
the largest population resides. As shown in Fig. 10b, the
change between years was not relevant but emergencies
in stratum 3 had an increasing tendency while other strata
were constant or even decreasing. This correlation
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between population and loss of time was repeated in the
rest of strata with an exception in stratum 4. High income
zones had the lowest loss of time but these were the
zones with the lughest gap of coverage. Emergencies in
strata 5 and 6 lost little time but these events did not go or
were not attended by the nearest services (AD and ESF).
This supports the hypothesis that in zones with a high
density of amemities, there 13 a lugher probability of loss
of time.

This research explored emergency medical services in
Manizales, Colombia, highlighting that there is no clear
regulation for optimal coverage for either AD or ESF and
it is necessary to overcome the social gap and health
inequalities. However, it is imperative to improve urban
planning and management in logistics regarding
emergencies, especially, if we desire a fair society with
heathy lives. This process must start with children
(Marmot and Bell, 2012) to overcome the terrible
circumstances described in Guinea-Bissau where a study,
conducted during the 1990°s, evidenced that 20 of 12511l
children died on the way to hospital or waiting in the
outpatient clime (Sodemann et al., 1997). Hence, the
government’s and private sector’s interest in health
services should take mto account low income zones,
above profit.

The principal factor of social and health inequalities
in access to Emergency medical Services (ESF and AD) is
the lack of resources m peripheral and low income sectors.
However, there are other factors that contribute to
mequalities such as steep slope in developed road
infrastructure. ESF or AD in some zones is a big challenge
and those sectors are where poor people live. Hence, in
this case, it is necessary to relocate these people in zones
with low natural risk and land with excellent specifications
to develop good amemnities and services.

According to the results, low mcome zones had the
worst coverage of emergencies in all cases with nearest
and registered facilities. High income zones had the best
coverage. This proves the social and health inequalities
1n access to emergency medical services, underlining that
only 22% of emergencies fell within the optimal maximum
response time (AD-event) and 38% of emergencies were
within the optimal maximum transport time (event-ESF),
considering actual conditions. In comparison to
Mecklenburg, a county of 620,000 inhabitants located in
North Carolina, 90% of LT emergencies were attended
within 10 min and 59 sec or less of response time
(Blackwell and Kaufman, 2002). In Manizales, 90% of LT
events were attended within 14 min and 25 sec or less of
response time.

In the zone with the most emergencies, 91% of events
lost time at least on one jowrney. In the majority of
neighbourhoods, this pattern emerged, indicating a
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problem in paying attention to logistics. Comparisons
between coverage with nearest amenities and with actual
services demonstrated that most emergencies in high
mncome zones lost time given that the event was not
attended to by the nearest services. Also, zones with a
high density of facilities had a higher probability of loss
of time but if attention to logistics was better, this would
not happen.

Most emergencies lost time in both journeys (AD to
events and events to ESF). In a comparison between two
trips, emergencies lost time more frequently between
event and ESF which could be happening due to the fact
that some ESF are paying drivers of ambulances to
transport the patient and these vehicles are not going
to the nearest ESF. However, the ambulances could
be going to another ESF in search for a better hospital
which fulfils specific needs that the patient may
require.

CONCLUSION

Between the coverage of LT and NLT emergencies,
there was no difference in response time but according to
transport time the NLT emergencies were covered more
quickly than T events. This could be the case for several
reasons. First, a LT emergency sometimes requires special
attention, meaning the ambulance seeks an ESF with
human and equipment resources that the patient requires.
Second, some ESF have been paying the paramedics or
driver of ambulance to transport the patient to their ESF;
this is an enormous issue in the health system.

Average passenger-car speed, used to measure travel
time was taken to all types of vehicles (car, motarcycle
and taxi) and this study could change significantly by
including the actual speed of the ambulances, given that
these vehicles drive more quickly than others. Hence,
the coverages would be broader. Also, the characteristics
included in the data base to determine the triage for
some events did not specify vital signs which are
indispensable to categorise the event. Moreover, some
emergencies could be triage 4 and not triage 3 but there
was enough information m the case of triage 1 and 2.
Furthermore, the capacity of the AD (nmumber of
ambulances) and beds available m each ESF were not
taken into account to explain the reason why the
emergency was not attended by nearest facility (AD or
ESF).

RECOMMENDATIONS
Future research should consider factors that produce

loss of time, finding structural issues such as weak health
system or even instances of misbehaving among the



Res. J. Applied Sci., 13 (6): 387-398, 2018

operators of the emergency medical services or
ambulances. Also, taking mto account the capacity of
both AD and ESF could considerably change the results
which 1s a main factor in the decision of AD and ESF that
attend the emergency. Moreover, it would be interesting
to look for mequalities in access to emergency medical
services m terms of the type of patient (subsidised or:
patient who does not pay for health insurance,
contributor: patient who pays for health insurance or
health insurance paid by vehicles in case of road
accidents). According to the government of Colombia, the
country has to improve prehospital and hospital attention
to decrease deaths caused by road traffic collisions
which 1s one of five pillars n the National Plan for Road
Safety (Anonymous, 2016a, b). Hence, the methodology
proposes by this study could be the first step to find
zones where there is a higher need for amenities and

services to advance emergency medical services.
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