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Abstract

Background: In Finland, hospital districts (HD) are required by law to determine the level and availability of
Emergency Medical Services (EMS) for each 1-km? sized area (cell) within their administrative area. The cells are
currently categorised into five risk categories based on the predicted number of missions. Methodological defects
and insufficient instructions have led to incomparability between EMS services.

The aim of this study was to describe a new, nationwide method for categorising the cells, analyse EMS response
time data and describe possible differences in mission profiles between the new risk category areas.

Methods: National databases of EMS missions, population and buildings were combined with an existing
nationwide 1-km? hexagon-shaped cell grid. The cells were categorised into four groups, based on the Finnish
Environment Institute’s (FEI) national definition of urban and rural areas, population and historical EMS mission
density within each cell.

The EMS mission profiles of the cell categories were compared using risk ratios with confidence intervals in 12
mission groups.

Results: In total, 87.3% of the population lives and 87.5% of missions took place in core or other urban areas, which
covered only 4.7% of the HDs' surface area.

Trauma mission incidence per 1000 inhabitants was higher in core urban areas (42.2) than in other urban (24.2) or
dispersed settlement areas (24.6). The results were similar for non-trauma missions (134.8, 93.2 and 92.2, respectively).
Each cell category had a characteristic mission profile. High-energy trauma missions and cardiac problems were more
common in rural and uninhabited cells, while violence, intoxication and non-specific problems dominated in urban areas.

Conclusion: The proposed area categories and grid-based data collection appear to be a useful method for evaluating
EMS demand and availability in different parts of the country for statistical purposes. Due to a similar rural/urban area
definition, the method might also be usable for comparison between the Nordic countries.
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Background

Finland is divided into 20 hospital districts (HD), exclud-
ing the autonomous province of Aland. HDs are joint
municipal authorities responsible for organising second-
ary care. Five of these are university hospital districts
with additional responsibilities regarding EMS, e.g.
Helicopter Emergency Medical Services (HEMS), as well
as organisation of tertiary care. Since 2013, HDs have
been responsible for organising Emergency Medical
Services (EMS) within their boundaries.

Developing systematic performance indicators for
EMS has been an ongoing issue for decades. Many EMS
systems use response time as their primary quality indi-
cator, despite criticism and observed unintended adverse
effects [1, 2].

Since 2013, legislation has required HDs to make a formal
decision on the availability and level of EMS service within
their administrative area. Availability is measured by the per-
centage of missions reached within 8, 15, 30 and 120 min,
depending on mission urgency and location (Table 1).

Until the end of 2017, the geographical risk classification
was based on 1-km? sized areas (cells) that were classified
into five risk categories depending on the predicted
number of EMS missions in a one-year period. Categories
1-4 had yearly mission limits of >365, 365-52, 51-12
and < 12, respectively. Category 5 contained cells without
permanent habitation or road access. Obviously, the cat-
egory limits were chosen to comply with everyday calen-
dar units. The method was loosely based on the one used
for EMS in Nova Scotia, Canada [3].

To ensure equity and equality in EMS availability, each
HD had to organise services so that areas belonging to the
same risk category were reached with a similar level of ser-
vice. HDs had to decide a percentage of missions reached
within an 8-, 15-, 30- and 120-min timeframes. The Emer-
gency Response Center classifies missions into four urgency
classes (A-D), A and B being lights & siren, C urgent but
without lights & siren and D being non-urgent [4].
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HDs had to observe actualised response times and re-
port twice a year to regional and national health super-
visory authorities.

Over the years several flaws and defects have been
observed in the current risk category system. Legisla-
tion did not define the method to predict the number
of missions, nor the form of geographical cell grid. At
least four different prediction methods or models and
two different geographic grids were used [5]. This led
to incomparability between HD data and reports, thus
making it difficult for supervisory authorities to evalu-
ate the equity and equality of EMS availability
between HDs.

Many HDs have been applying linear regression
models—with the populations in various age groups as
explanatory variables—to predict the number of mis-
sions. However, the population is unevenly distributed
between cells, and concentration of the population in
urban areas has been an accelerating trend over the last
decade, thus making linear regression predictions un-
realistic for practical purposes.

Due to a wide range of values in current risk category
2, it contains areas from small town centres to rural
hamlets. This has led to one-cell hotspots surrounded by
wide areas of low-risk or uninhabited cells, which are
hard to reach within the same response time as cells in
the same category near urban areas. Establishing an am-
bulance base would not be expedient due to the low
number of missions, and even a voluntary first re-
sponder scheme is often impossible.

To improve and standardise collection of key figures
in EMS, the Ministry of Social Affairs and Health and
assigned the FinnHEMS Research and Development
Unit the task of developing a new method for nation-
wide EMS response time data analysis.

The aim of this study was to describe the risk category
renewal process and analyse possible differences in mis-
sion profiles between the risk category areas.

Table 1 Target percentages of 1-km? cells by mission urgency and time limits as an example of EMS level of service (Pirkanmaa

Hospital District service level target 2017-2018)

A/B (lights&siren)

Cell risk category Tst EMS unit® Tst EMS unit®
within 8 min, % within 15 min, %

1 85 95

2 65 95

3 45 80

4 20 60

5 Not defined

C (urgent) D (non-urgent)
ALS unit® Any ambulance Any ambulance
within 30 min, % within 30 min, % within 120 min, %
95 95 95
95 90 95
95 85 95
90 80 95

#first responder of ambulance
Padvanced life support unit
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Methods

An existing countrywide 1-km? hexagon-shaped cell grid
was chosen as the basis for the new nationwide grid. EMS
mission data have been collected for statistical and scien-
tific purposes for several years by using the grid, and
maintaining comparability over time was considered es-
sential. The grid also covers the autonomous province of
Aland and territorial waters, but these areas were ex-
cluded from the analysis. The map projection used in the
grid is ETRS-TM35FIN, which is a national representation
of European Terrestrial Reference System 1989 [6].

In theory, the previous method based on linear regression
predictions of missions for each cell could have been im-
proved by applying more advanced statistical models, zero-
inflated Poisson or negative binomial models [7]. However,
neither of these models substantially facilitates gaining
more precise predictions than the previous one. The
amount of 1-km? cells with zero missions is overwhelming,
Bayesian methods were also considered, but due to their
complexity and the need for a high level of expertise, they
offer little help in everyday administrative work.

A more straightforward approach based on the Finnish
Environment Institute’s (FEI) national definition of
urban/rural areas was chosen as the basis for the new
classification. FEI updates urban area maps yearly, and
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they are published as open data according to the IN-
SPIRE directive [8]. In Finland, an urban area is defined
as a unified geographical area with a minimum of 200
inhabitants and less than 50 m between buildings. The
other Nordic countries have similar urban area defin-
ition, with only minor country-specific adjustments [9].

In Finland, public address registers often point addresses
to the nearest public road, in other words, mailbox loca-
tion. In a rural area this may be hundreds of metres away
from the building. To get a more accurate location, the
building ID of each person’s home address in the Popula-
tion Information System and the building coordinates
from the Planning Permission Register were combined.
No other information from these national registers was
used in this study. Both national registers are maintained
by the Population Register Centre, and the data are avail-
able for official or scientific use. Persons without a known
address or with a secret address for security reasons were
excluded. We excluded from the building permit register a
handful of buildings with obviously false locations outside
the country’s borders. With this method, 5,375,664 inhabi-
tants (97.7% of population) were located.

Most urban areas are still quite sparsely populated.
Thus, we developed the concept of “core urban area” to
identify the most urban centres of major cities. A core

Top 1% of the
population within
inhabitated cells?

Yes

Top 1% of
missions within
inhabitated cells?

Yes

FEl-defined
core city center area?

Yes

A 4 y

Core urban Other urban
area area

Entirely or partly
within an urban
area?

Fig. 1 Flowchart of the new risk classification for each 1-km? cell in Finland

Permanent
inhabitation?

A
Dispersed Other rural
settlement area area
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Table 2 Descriptive statistics according to the new risk categories

Cells Population Missions Missions /1000 inhab.
New risk category N % N % N % all trauma non-trauma
Core urban 390 0.1 1,105,518 206 196,023 278 1773 422 1348
Other urban 15,921 4.6 3,588,435 66.8 421,584 59.7 1175 24.2 93.2
Dispersed settlement 82816 24.1 681,711 12.7 79,648 113 116.8 24.6 922
Other rural 245,085 71.2 0 0 8723 12 - - -

urban cell is defined by at least one of the following cri-
teria: they are 1) within the top 1% of a HD’s urban area
inhabited cells based on population or 2) missions, re-
spectively, or 3) within FEI's designated core city centre
area. As FEI publishes these core centre maps irregu-
larly, the population and mission density criteria were
added to the scheme. Rural areas were divided into per-
manently inhabited and uninhabited cells (Fig. 1).

An additional thematic map shows an example of risk
categories (Additional file 1). To evaluate the new risk
categorisation, we compared EMS mission profiles be-
tween categories by calculating risk ratios with confi-
dence intervals for mission types. We acquired EMS
mission data from the Emergency Response Center
Authority (ERC) for the period from 1 January 2016 to
31 December 2016. Inter-hospital transportations, mis-
sions outside Finnish territory or with missing location

data were excluded. A total of 706,004 missions met the
inclusion criteria.

All included missions were used for descriptive statis-
tics. For risk ratio calculations, the missions were classi-
fied into 11 groups based on the dispatch code. For
trauma missions, the four most common trauma mecha-
nisms were included and reported separately. Other
trauma missions were excluded from this part of the
analysis. The classification is based on the physician-
staffed pre-hospital service report template [10], with
some modifications. Obstetrics and childbirth missions
were excluded due to the small number of missions
compared with other groups, and infections were not
detectable by ERC dispatch codes. The groups include
“First Hour Quintet” [11] mission groups, as well.

The data were analysed with RStudio Version 1.1.383,
SPSS 24 and Maplnfo 16.0.
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Fig. 2 Risk ratios of various trauma missions in the new risk categories. *) MVA = Motor Vehicle Accident
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Results

There were 393,105 cells within Finland’s borders and
territorial waters at the end of the year 2016. Excluding
seas and the autonomous province of Aland, there were
344,212 cells within the HDs’ areas.

Each risk class has a characteristic mission profile,
with the orientation of the share of most urgent mis-
sions increasing as population density decreases.

Finland’s population appears to be very concentrated.
Only 98,234 (28.5%) cells had permanent inhabitants.
EMS missions are also concentrated along with the
population. A total of 51,920 cells (15.1%) had at least
one EMS mission per year, and only 1571 cells (0.5%)
had over 100 EMS missions per year.
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A total of 87.3% of the population lives and 87.5% of
the missions took place in core or other urban areas,
which cover 4.7% of the HDs’ areas.

Trauma mission incidence per 1000 inhabitants was
higher in core urban areas (42.2) than in other urban (24.2)
or dispersed settlement areas (24.6). The results were simi-
lar for non-trauma missions (134.8, 93.2 and 92.2, respect-
ively). The differences between area types were statistically
significant due to the high number of missions, but in
practice the difference between other urban and dispersed
settlement areas is negligible (Table 2).

Falling from an over 2-m height and motor vehicle ac-
cidents (MVA) were the most common trauma mecha-
nisms in uninhabited and dispersed settlement areas,
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Fig. 3 Risk ratios of non-traumatic mission groups in the proposed risk categories
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while falling on ground level and violence-related trau-
mas dominated in urban areas (Fig. 2).

Within non-trauma missions, vascular and cardiac prob-
lems were most common in uninhabited and dispersed
settlement areas. Especially the share of cardiac arrest
missions was noticeably high within uninhabited areas,
along with chest pain and stroke. Psychiatric problems and
intoxication along with neurological problems (excl. stroke)
are more common in urban and core urban areas (Fig. 3).

Discussion

The main findings of this study were that 1) each of the
proposed risk categories has a characteristic mission profile,
2) high-energy trauma missions and cardiac problems were
more common in rural and uninhabited cells, while vio-
lence, intoxication and non-specific problems dominated in
urban areas and 3) the grid-based data collection enables
analysis of EMS mission data independently of municipal-
ity, hospital district or other administrative boundaries.

We found that categorising areas is a complex issue.
To be useful in everyday life, categories should be easily
determined, internally consistent, comparable between
administrative areas and reflective of the layman’s
assumption about availability of EMS services. Categor-
isation in the presented solution was based on an exist-
ing and widely used urban-rural classification. From a
national perspective, each category has a typical mission
profile. In rural areas, vascular problems, falling from
heights and motor vehicle accidents are more common,
whereas violence, mental problems and intoxication
dominate in urban areas.

The high share of cardiac arrest missions in uninhabited
areas was an unexpected finding, although other high-risk
mission types also appear to be more common in sparsely
populated areas. Even though the number of missions in
rural areas is quite small, the higher probability of high-
risk missions should be considered when planning EMS.
For example, new methods for improving access to early
defibrillation in rural areas should be developed.

The grid-based approach is not unique, but it is generally
used e.g. in epidemiological studies utilizing geographic
analysis [12, 13]. Using the grid may cause inaccuracy and
fluctuation in statistics when administrational and cell
boundaries are not convergent. Thus, for statistical pur-
poses it is necessary to collect statistical data by using ad-
ministrative areas as well. Grid-based data collection is
useful for scientific and service planning purposes, but not
always suitable for political decision-making.

The method described in this article is not depend on
grid projection, and comparable results can be achieved
if each cell area stands 1 km” Tools needed for this
analysis are the grid file, mission coordinates and
population home addresses location. If similar area
division would be used, most likely the results would
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have similar trends. However, it is true that Finland has
quite low population density even in the capital region,
and this might weaken generalizability of the results.
The future will show whether the newly developed
method will solve the methodological flaws observed in
the previous (2011) legislation and risk category system.

Conclusion

The proposed 1-km? grid-based data collection and area
classification appears to be a useful method for evaluat-
ing EMS demand and availability in different parts of the
country for statistical purposes. Due to a common rural/
urban area definition, the method might be usable for
comparison between the Nordic countries.

Additional file

Additional file 1: Thematic map of risk categories. An example of the
risk categories around city of Jyvaskyld, Central Finland, based on 2016
EMS missions and population in Jan. 2017. (PDF 7832 kb)
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