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INTRODUCTION: State Fire Service (SFS) officers are increasingly frequently carrying out medical rescue activities
(MRA), especially in the scope of qualified first aid (QFA), providing assistance to people harmed in fires and other
local threats.Due to the accepted medical procedures, possessed medical equipment and a high number of officers
with medical background, SFS units are the second service, right after NEMS, in terms of the volume of provided
medical support in different events, particularly fires (F) and local threats (LT).

MATERIAL AND METHODS: The paper used the statistical data regarding performance of QFA tasks by SFS
officers from the Decision-Making Support System of the State Fire Service (DMSSFS), made available by the
Operations Planning Office (OPO) in the Headquarters of the State Fire Service (HSFS). The analyzed material
covered the period of 2010 — 2021 and the area of the capital city of Warsaw.Using the method of choropleth maps
to present the administrative units of the city, the most overloaded places in terms of emergency activities were
presented where QFA intervention was required.

RESULTS: The number of events recorded by SFS in Warsaw in the analyzed period was 150,209 (without false
alarms — FA), during which QFA activities were performed 9,911 times. The average percentage number of such
activities in relation to all events (fires and local threats) was 6.60% and a slow, yet systematic, growth of such
events in consecutive years.The highest magnitude of QFA activities — and so the very high level (>201 points) was
seen in the district of Srodmiescie and the high level(121-200 points)in the following districts: Mokotéw, Wola,
PragaPétnoc, PragaPotudnie, Targéwek. In particular, considering individual estates, these were:
SrédmiesciePotudniowe (293), StaryMokotéw (150), Miréw (139), Brudno (122), Zacisze (179), Grochéw (155) and
SaskaKepa (145).

CONCLUSIONS: Assessment of the usefulness of mapping medical interventionsand the analyzed spatial data
confirmthat the KDE method is characterized by a more precise fitting of the fragments of the MIS estates to the
scale of magnitude of the investigated event — QFA activities performed by SFS firefighters. Therefore, using the
analytical techniques of GIS is a good tool for planning and interventional support for the SFS activities and it
additionally shows phenomena not visible when the data are presented in a table.

KEY WORDS: Geoprocessing, mapping, fire brigade, qualified first aid, medical interventions.
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Rescuing a human life at threat is the priority of emergency services. State Fire Service (SFS)
officers are increasingly frequently carrying out medical rescue activities (MRA), especially in the scope of
qualified first aid (QFA), providing assistance to people harmed in fires and other local threats. The latest
studies indicate that there is a constant upward trend of such activities [1]. In Poland 15,958 QFA activities
were reported in 2010 and as many as 83,191 in 2021. This was a multiple growth of over 521% in such
medical activities performed by SFS officers. The tendency is maintained in the Warsaw metropolis as well,
which situation induced the authors of this paper to carry out more thorough studies into the capital city of
Poland, including a spatial analysis. Over the last ten years, Warsaw has developed considerably, both in
economic and demographic terms. In that period, its population has not increased much [2]. The population
living in Warsaw permanently includes professionally active people, students and officials. Intensive
migrations, development of numerous branches of the industry, transport — these are the factors
threatening the health of the Warsaw population, which are complemented by diseases of civilization,

ageing of society or stress.

The socioenvironmental factors led to the observed growth in events warranting medical activities,
which are carried out by the services leading in this respect, i.e. the National Emergency Medical Services
(NEMS). Due to the accepted medical procedures, possessed medical equipment and a high number of
officers with medical background, SFS units are the second service, right after NEMS, in terms of the
volume of provided medical support in different events, particularly fires (F) and local threats (LT) [3-4].
A new type of threat is the disease induced by the SARS-CoV-2 virus, previously not recorded in humans.
The COVID-19 disease, classified as an acute contagious disease of the respiratory system, affected also
the number of medical events in the last 2 years of the analysis. The pandemic declared in Poland and the
increased number of infections led to healthcare service overload, which resulted in a considerable

increase in the number of the medical activities [5].

The pandemic announced in Poland, in conjunction with an increased number of infections, ended
in a burden on healthcare systems, which, in consequence, might have increased medical interventions
performed by the SFS, incl. the number of events in the recent two years under analysis; however, those

events were not a direct research objective.

Aim - The paper aimed to investigate the frequency with which QFA was provided by SFS officers in
the area of Warsaw in 2010-2021 in connection with socioenvironmental changes and to use analytical GIS

techniques and methods to prepare maps of rescue activities performed by SFS.

The paper used the statistical data regarding performance of QFA tasks by SFS officers from the
Decision-Making Support System of the State Fire Service (DMSSFS), made available by the Operations
Planning Office (OPO) in the Headquarters of the State Fire Service (HSFS). The analyzed material
covered the period of 2010 — 2021 and the area of the capital city of Warsaw.

© 2022 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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The area of the city is secured by 18 rescue and firefighting units (RFU), including 1 school RFU of
the Main School of Fire Service. Graphic illustration used materials from the Head Office of Land Surveying
and Cartography (HOLSC), made available under Art. 40a(2)(1) of the Land Surveying and Cartography
Law, i.e. the Topographic Objects Database (BDOT10k), the National Register of Boundaries (NRB) [6-8].
The database was prepared in Microsoft Excel in the MS Office 2016 suite for Windows 10. The results
were statistically analyzed with the STATISTICA 12 software (Stat Soft Polska). The quantitative data were
described with a mean and standard deviation — the obtained distribution was consistent with normal
distribution. The normality was tested with the Shapiro—Wilk test and the dependencies between the groups
were tested by the Spearman's rank correlation. The correlations and differences at the significance level of
p<0.05 were regarded as statistically significant. The original database was prepared with the Quantum
GIS software (QGIS), which is an advanced statistical implement belonging to the group of free and open-
source software for geospatial applications, FOSS4G for short. The software is made available under GNU
GPL. [9-10]. Using QGIS, the spatial characteristics of the scope of QFA activities in the capital city of

Warsaw was identified and visualized, taking into account 9 groups of performed activities:

— unblocking the airways or keeping them unblocked,

— performing external cardiac massage,

— oxygen therapy with 100% oxygen or artificial respiration,

— arresting external hemorrhages and dressing wounds,

— performing the preliminary anti-shock procedure,

— protecting from heat loss,

— cooling down burns,

— fixing fractures and suspected fractures and dislocations,

— providing mental support to harmed or threatened individuals [11].

Using the method of choropleth maps to present the administrative units of the city, the most
overloaded places in terms of emergency activities were presented where QFA intervention was required.
The vector layer of the events during which SFS firefighters provided QFA was moved to QGIS and then
illustrated under a layer of the districts, a layer of estates (Municipal Information System, MIS) and a layer
of areas protected by SFSRFUs. By means of a tool for spatial aggregation (combining data based on their
spatial location) on each district and estate, a parameter was added describing the number of events which
occurred within their borders, thus receiving a 5-point scale of the QFA activity magnitude. Such a scale of
magnitude had the following levels: very high (>200), high (121-200), moderate (51-120), low (11-50) and
slight (0-10). In order to better fit the fragments of the MIS estates to the scale of magnitude of the
investigated event — QFA activities performed by SFS firefighters, the material underwent additional
analysis by means of a nonparametric method of presentation of spatial data — kernel density estimation
(KDE), also referred to as a heat map. It assumes estimation of the magnitude of QFA activities within the
cells of the output raster, assuming the highest value of the surface area in the location of events and

reducing that value as the search radius increases (2000 m were assumed at the calculation stage).

© 2022 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0;
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The number of events recorded by SFS in Warsaw in the analyzed period was 150,209 (without
false alarms — FA), during which QFA activities were performed 9,911 times. The average percentage
number of such activities in relation to all events (fires and local threats) was 6.60% and a slow, yet

systematic, growth of such events in consecutive years. The rate is 8.25% at the national level [12].

The share of qualified first aid activities in all SFS operations in Warsaw crossed the 5% threshold
for the first time in 2015. In the analyzed period of time, the number of rescue activities involving QFA

provided by SFS officers soared by nearly 800% (Table 1, Table 2, Figure 1, Figure 2).

Table1. Share of activities related to QFA in the total number of events in the area of the Capital City of Warsaw.

Total number

2010 262 13408 1.95 % 1720.4
2011 426 10562 4.03 % 1700.6
2012 411 9479 4.34 % 1715.5
2013 436 9585 4.63 % 1724 .4
2014 495 10542 4.70 % 17354
2015 632 11576 5.46 % 1744 4
2016 727 12 812 5.67 % 1754.0
2017 942 12 674 7.43 % 1764.6
2018 1089 12 437 8.76 % 1778.0
2019 1257 13 796 9.11 % 1790.7
2020 1187 17 551 6.76 % 1794.2
2021 2047 15787 12.97 % 1799.0
Total 9911 150 209 M=6.60 % M =1751.77

Abbreviations: F- fire, LT-local threat (with QFA), *Data: GUS

Table 2. Description of the analysed variables.

Variable M SD R* P-value
Population 1751.77 33.57

0.96 <0.001
QFA procedures 825.92 508.92

Abbreviations: M — mean, SD — standard deviation, *R Spearman

© 2022 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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Figure 1. Share of activities in the field of QFA in the total number activities of the
State Fire Service in the capital city Warsaw. [Own elaboration]
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Figure 2. Percentage share of QFA in the total number of activities of the
State Fire Service in 2010-2021. [Own elaboration]
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Among the provided rescue activities, psychological support for casualties had the highest share in
the general number of activities (46.11%), then providing oxygen therapy with 100% oxygen and/or artificial
resuscitation (15.53%) and protecting from heat loss (10.16%). The rarest of the performed activities
included: preliminary anti-shock procedure (1.53%), external cardiac massage (3.14%) and unblocking the
airways or keeping them unblocked (3.70%). The highest growth in the analyzed period indicates

psychological support for the harmed individuals (>6000%) (Figure 3).
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Figure 3. Activities in the field of QFA, broken down into groups of performed activities. [Own elaboration]

Spatial characteristics

The highest magnitude of QFA activities — and so the very high level (>201 points) was seen in the
district of Srodmiescie and the high level (121-200 points)in the following districts: Mokotéw, Wola, Praga
Pdinoc, Praga Potudnie, Targdéwek. In particular, considering individual estates, these were: Srédmiescie
Potudniowe (293), Stary Mokotéw (150), Miréw (139), Brudno (122), Zacisze (179), Grochéw (155) and
SaskaKepa (145) (Figure 4 and 5).
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Figure 4. QFA activities in 2010-2021. [Own elaboration]

The above methodology of constructing maps of magnitude of QFA activities assumes their spatial
aggregation to estates (MIS). Their structure is slightly different if based on the method of kernel density
estimation (KDE) [13-15]. The estimation of the magnitude of QFA activities is determined by the density of
heats of the events (Fig. 6 and 7), which is substantially important for classifying the given fragment of the
catchment area or a part of a MIS estate on a scale of magnitude and for indicating the actual places where
SFS firefighters provided QFA. For example, in the first method, the qualification of the entire estate into a
moderate magnitude (Ujazddw) is changed to low according to KDE, which also states that only its western

part can be put in the moderate, and even high, magnitude group.

© 2022 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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Figure 5. QFA activities in the estates. [Own elaboration]
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Figure 6. QFA heat map — KDE. [Own elaboration]

© 2022 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/

7 -
Sl 2 @@@
S 7 — - -
W= 3 8

“oy, (AN
Ocy — poRrd



www.criticalcareinnovations.eu doi:10.32114/CCl.2022.5.3.1.13

Legend
® FRU SFS Warsaw

[] FRU SFS protected area

Number of QFA in a radius of 2000 m

[ 1<=10

[J11-50

3 51-120 Opracowanie whasne
B 121 - 200 0 5 ok Own elaboration
B > 200 [ ——

Figure 7. QFA heat map in FRU SFS protected area. [Own elaboration]

The main reason for conducting this study was the observation of an upward trend of activities, one
which remained at a stable level in the recent years, regarding a constant growth in the QFA activities in
the interventional activities of fire protection units. The results of studies using the latest IT tools confirmed
the occurrence of such a tendency in the area of Warsaw and, in addition, indicated the places with the
highest intensity of QFA activities performed by SFS firefighters. At the same time, the data found in the
original database confirm the observations of foreign authors, indicating increased frequency of provision of
medical support, including QFA, by firefighters [16]. In the authors' opinion, the obtained results may be

used for:

recording and mapping of places where medical rescue activities are carried out;

¢ finding the emergency units closest to the place of an event and coordinating their work;

¢ planning the distribution of additional medical equipment in SFS rescue and firefighting units
(SFSRFU);

¢ identifying facilities near the event site significant in terms of safety and facilitation of a rescue

operation.

© 2022 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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Using spatial information systems is becoming a universal tool applied in public health sciences
[17]. However, it must be remembered that its usefulness directly depends on the accuracy of the input
data. According to the authors' knowledge, this study is the first in Poland to use and compare
geoprocessing tools for analysis of information from the intervention activity of the fire service in the GIS
software, one regarding medical support in particular. Reports of other authors on the distribution of the
intensity of fires, traffic events and out-of-hospital cardiac arrests in urban agglomerations confirm the
usefulness of the methods of choropleth maps and heat maps in constructing spatial and temporal
characteristics of the analyzed event [18-22]. Over the last 12 years (the period of own analysis), large
cities of Europe (including capital cities) changed considerably. The changes pertained to the appearance
of the cities, as well as the profile and problems of their inhabitants (including health problems). Large cities
were expanding and developed technologically and their population density went up. The inhabitants of
those agglomerations underwent major changes as well. The authors' observations concentrated on health-
related changes. The pace of life and work- and bank-loan-related stress intensified; in addition, people
have suffered from the stress related to the SARS-CoV-2 pandemic for the last 2 years. Despite the
development of medicine and increased expenditure on healthcare, the inhabitants of large cities, including

Warsaw, are exposed to numerous health-related threats and the obtained results confirm this fact.

In 2016, Pecio analyzed the fire threats for the historically old part of Warsaw (the old town). This
district feature densely developed buildings, there is a lot of public utility buildings, culture-related facilities,
buildings for tourists, including hotels and restaurants, and offices. An interesting conclusion was drawn:
there was a problem with fire security in those areas and issues with carrying out rescue and firefighting
operations there, resulting from strict protection on the part of the art restorer. Own results show a high
number of medical interventions in that area of Warsaw (Figure 6) [23]. In a study from 2017, authors
looked at the crisis management system in Warsaw, a large monocentric urban agglomeration. The authors
observed that intensive urbanization of areas adjacent to large urban centers creates new challenges for
the crisis management system. The results of a diagnostic survey conducted among officials weigh in favor
of the crisis management system implemented in Warsaw [24]. Another study confirms that its fire
protection system is at a high level compared to the countries behind the eastern border. The fire statistics
in Ukraine are characterized by an extremely low level of fire protection for the population. The number of
fire fatalities in Ukraine exceeds the average of the UE member states 18 times [25]. Piec et al. took up the
topic of safety in transport in a large city. The authors investigated threats related to the subway and the
possibility for efficient evacuation in case of emergency situations. The subway is one of the branches of
transport functioning in large cities, but not the dominant one in Warsaw. The authors observed that the key
parameter determining the safety of passengers is a safe and predictable time of evacuation in case of the
occurrence of critical environmental conditions for the human life or health (e.g. air temperature exceeding
60°C on the evacuation route, the temperature of hot fire gases exceeding 200°C or reduced oxygen

content). The own analysis did not cover any interventions in the subway [26].

© 2022 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0;
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Based on numerous observations, it could be inferred that SFS frequently supports NEMS in their
statutory activity. In a study from 2019, Wiszniewski observed that when NEMS has not arrived yet,
firefighters can perform the necessary medical procedures while waiting for an ambulance. A study for
central Poland enrolling 100 patients showed that before the arrival of MRT, firefighters took care of them
for 5.88 (SD + 4.45) on average. The most common type of injury was trauma to the cervical section of the

spine (41.34%) and the least common one — hypothermia (19.23%) [27].

For instance, according to the first method, an entire district is qualified for and assigned the degree of
medium intensity, whereas KED (Kernel Density Estimation) method brings it down to a low level. This
suggests that only some areas within a district may be assigned the degree of medium or even high
intensity. Plotting the data on a map with KDE method may change the qualification of the given region in
view of burdening with events. In the authors’ opinion, the division of operational areas of Rescue and
Firefighting Units (RFU) in Warsaw (Figures 6 and 7) is optimal in view of performing medical interventions.
It should be stressed that the leading service, dedicated to deal with such a type of events is the State
Medical Rescue System, whereas fire protection units (FPU) constitute an auxiliary service. A probable
need of changes, imposed by the burden of calls, may concern other aspects of firemen’s work and other
fields of specialization (e.g. chemical and ecological rescue, technical rescue or firefighting activities);

anyway, this may be the subject of other analyses targeted at a specific type of events.

Limitations - A limitation on the study performed hereunder was an analysis of events exclusively
related to medical interventions, based upon QFA procedures, without other SFS’s actions which might
possibly be correlated to the number of QFA’s interventions in the respective years. The execution of
medical procedures within the SFS takes place in the case of events of various nature, viz. fire incidents,
local hazards and disasters. In the submitted paper, attention was focused upon medical procedures within
the occurring events, leaving out, however, analyses and statistical significance of the reasons and types of
events. Another limitation is SARS-CoV-2 pandemic which covered the two last years of analysis, although
at no place among the results obtained do the authors consider its effect upon the number of interventions;
nevertheless, such a relationship, especially in the time of peak incidences, referred to as subsequent

pandemic waves in Poland, might have occurred, too.

Assessment of the usefulness of mapping medical intervention sand the analyzed spatial data
confirm that the KDE method is characterized by a more precise fitting of the fragments of the MIS estates
to the scale of magnitude of the investigated event — QFA activities performed by SFS firefighters. The
determination of the places with the highest level of QFA activities suggests in which SFSRFUs an analysis
of equipment should be conducted to improve the interventional capacity regarding QFA. Therefore, using
the analytical techniques of GIS is a good tool for planning and interventional support for the SFS activities
and it additionally shows phenomena not visible when the data are presented in a table. The SARS-CoV-2

pandemic brought about an increase in the number of medical interventions performed by firefighters.

© 2022 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0;
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