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Abstract

Background: Diseases of the cardiovascular system (CVD) remain the leading cause of death in the world today.
Nowadays heart disease accounts for 16 per cent of all deaths in the world. This indicator in the Republic of Kazakhstan
annually takes a leading position. Among CVDs, ischemic heart disease (IHD) remains the leading cause of death. Half of
the patients die at the pre-hospital stage, without waiting for medical help, and many survivors become disabled. The time
factor plays a very important role in the treatment of acute myocardial infarction (AMI).

The purpose of the study is to conduct a spatial analysis in order to determine the territorial availability of emergency
cardiac care in Pavlodar city, taking into account the time, and using a geographic information system.

Materials and methods: Based on the number of the calls received at Paviodar Emergency station for the period from
1st August 2017 to 30t July 2018, a retrospective analysis of 2053 cases of Acute Coronary Syndrome with and without ST
segment elevation was carried out.

Spatial analysis and Network Analyst were conducted on QGIS 3.16 (Hannover) to determine the density of calls with
acute coronary syndrome (e.g. to find 10, 15, and 20-minute areas of accessibility). Tools such as the Hot Spot Analysis and
heat map were also used to identify a square kilometer congestion of calls and Kernel Density. That tool calculated a
magnitude-per-unit area from point or polyline features using a kernel function to fit a smoothly tapered surface to each point
or polyline. New Service Area tool creates a region that encompasses all accessible streets (e.g. streets within specified
impedance). Statistical significance was set at the 95% confidence level.

Results: We found clusters in the largest cluster of calls, marked with red and orange colors, which, like the heat map
analysis, corresponded to densely built-up areas. Thus, using Kernel density analysis, we identified 6 separate clusters with
the call density of more than 42 calls per km2: four clusters located in the northwest, north, and northeast of the city, and two
clusters located in the southwest and southeast of the city. From the rest of the city, represented by multi-storey houses,
there were received between 18.8 and 32.8 calls per km2. About 18 calls per square kilometer were received from the
outskirts of the city and from areas that were mostly of private sector.

To the areas densely built up with multi-storey buildings, as well as cluster plots, the ambulance can arrive within 5
minutes from the moment the call is received. The areas with low call density, an emergency medical services reaches within
10 minutes. Outskirts of the city and the suburbs can be served within 15 minutes.

Conclusion: Based on the data presented above, it is possible to assume that additional research is needed using
geographic information systems.

Keywords: Geographic information system (GIS), ST-elevation myocardial infarction (STEMI), Non-ST-Elevation
Myocardial Infarction (NSTEMI).
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Beepenune. OCHOBHOI MpUYMHOM NETanbHOrO MCX0Aa, NO Cel [eHb, B MuUpe OcTalTcs 3aboneBaHus cepaeyHo-
cocygucton cuctembl (3CCC). Ha pomto GonesHeit ceppua cerogHs npuxogutcs 16% Bcex CryyaeB CMEPTU B MMUpE.
[aHHbIA nokasaTens B Pecnybnuke KasaxctaH exerogHo 3aHumaet nugupytowme nosuumn. Cpegn 3CCC nwemmyeckas
BonesHb cepaua (MBC) octaétcs OCHOBHOM NpuumHoi cmepTy. MonosuHa 60MbHbIX NOrMbaeT eweé Ha AOrocnuTanbHOM
aTane, He AOXAABLUNCE MEOULMHCKON MOMOLLM, @ MHOTUE BbXMBLUME CTAHOBATCS MHBanuaamu. BpemeHHo daktop nrpaet
OYeHb BaXHYIO POSib B NEYeHne 0cTporo nHapkta muokapaa (OUM).

Llenbto uccnenoBaHus ABNSETCA NPOBEEHUE NPOCTPAHCTBEHHONO aHanu3a ¢ Lenbio onpefeneHns TepputopuansHom
[OCTYMHOCTW  9KCTPEHHOW  Kapauonorudecko nomowm B ropoge [laBnojap € Y4€TOM BpEMEHU C  MOMOLLbIO
reonH(OPMaLMOHHON CUCTEMBI.

Matepuanbl U metoabl. Ha OCHOBE BbI30BOB, MOCTYMMBLUMX Ha cTaHUMo Ckopon MeguumHckon Momomim ropoga
Maenogap, Pecnybnuka KasaxctaH 3a nepuog ¢ 1 asrycta 2017 roga no 30 uions 2018 roga Gbin npoBeaéH peTpOCNEKTUBHBIN
aHanma 2053 cny4yaeB ¢ OCTPLIM KOPOHAPHbLIM CUHAPOMOM C aneBauuen cermeHTa ST 1 6e3 anesauuu cermenTa ST.

MpocTpaHcTBeHHbIN aHanu3 U Network Analyst nposogunuce Ha nporpamme QGIS 3.16 (Hannover) ¢ uenbto
onpefeneHns NNoTHOCTM ckonneHust Bbi3oBoB ¢ OKC, B Tom uucrne ¢ onpegenennem 10-, 15-, u 20-MUHYTHBIX 30H
BOCTYMHOCTW. [INsi onpepeneHnst CTeneHn NeperpyxeHHoCTU TenedOoHHbIX MUHUIA Ha OOMH KBagpaTHbIA KunomeTp Oblin
MCNOMNb30BaHbI Takue MHCTPyMeHTI, kak Hot Spot Analysis (Tennokapta), u Kernel Density. MocnegHuin ucnonsayetcs ans
BbIYMCIIEHMS NOKasaTens «nnowags magnitude-per-unity OT TOYEUHBIX UMW NOMMMHENHBIX OOBEKTOB C NCMONb30BAHNEM
yHKUMM KepHena Ans NOAroHKW NAaBHO CyXaloLLencs NOBEPXHOCTU K KOO TOUKE UMW NOMMAMHUA. HOBbIA MHCTPYMEHT
Service Area co3naér obrnacTb, OXBaTbIBAlLLYH BCE LOCTYMHbIE YNWUbl (T.e. YNWUbI C YCTAHOBMEHBIM MMMEAAHCOM).
Cratuctnyeckas 3HaummMocTb bbina yctaHoBneHa Ha yposHe 95% AOCTOBEPHOCT!.

PesynbTatbl. Mbl 06Hapyxunu Hanuune KnactepoB no HambOrbLUEMY CKOMMEHWUKO BbI30BOB, OTMEYEHHBIE KPACHBIM W
OpPaHXEBbIM LiBETaMW, YTO Takke, Kak M aHamu3 TEennokapTbl COOTBETCTBYET MAOTHO 3aCTPOEHHbIM panoHam. Takum
obpasom, ucnonb3ys aHanus Kernel density, Mbl BbISBUMKM 6 OTAEMbHBLIX KNAcTEPOB C MAOTHOCTLIO BbI30BOB Gonee 42
obpalleHnin Ha 1 kM2 4 KnacTepa pacrnonoXeHbl Ha CeBepo-3anafie, CeBEPEe M CEBEPO-BOCTOKE ropofa, M 2 knactepa Ha
toro-3anage U Hro-BOCTOKE ropoja. M3 ocTanbHbIX ApYyrMX PaioHOB Topoda, KOTOpbIE NpencTaBneHbl B 30HaX
MHOro3TaxHbIx 4OMOB, noctynaet ot 18,8 1o 32,8 obpaweruns Ha 1 km2. C okpauH ropoga 1 panoHoB, NMPEUMYLLECTBEHHO
3aCTPOEHHBIX YaCTHbIMW JOMaMW, NOCTynaeT He bornee 18 BbI30BOB Ha 1 kM2,

B nnoTHO 3aCTPOEHHbIX MHOrO3TaXHBLIMIU JOMaMU Y4acTKW, @ Takke KNacTepHble y4acTKu1, KapeTa CKOpoi MeauULMHCKOM
nomolum (CMIM) ycnesaeT goexatb B TEYEHUM 5-TW MUHYT, C MOMEHTA NOCTYNMNEHUS BbI30BA. YUACTKU C HU3KOWM NAOTHOCTbIO
BbI30BOB kapeTa CMI1 gocTuraet B TeyeHne 10 MunyT. OkpaunHbl ropoga 1 npuropod MoryT BbiTb 06CnyXeHs! B TeueHue 15
MUHYT.

BbiBogbl. OCHOBbIBasACb Ha AaHHbIX, KOTOPbIE OblnM U3NOXeEHbI BbIE, BO3MOXHO NPEeAnonoXuTb, YTo Heobxogumo
NpOBEAEHNE JONOMHUTENBHBIX UCCNELOBAHNIA B 3TOM 06NacT C NPUMEHEHUEM rEOMHEOPMALMOHHBIX CUCTEM.

Kntoyesble cnoea: eouHgapmayuoHHas cucmema (TMC), Ocmpbili KOpoHapHBIL CUHOPOUM C NOOBLEMOM ceaMeHma
ST (OKCnST), Ocmpeili kopoHapHs il cuHdpoum be3 nodbéma ceemenma ST (OKC6nST).
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! MaBnopap kanacbiHbIH hunuansl KeAK «Cemen megvumHa yHMBepCcuUTeTI»,
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Kipicne. Xypek-KkaHTambIp Xyineci aypynapbl OyriHri KyHre geiliH @nemae eniMHiH Heriari ce6ebi 6onbin Kana Gepeqi.
Kypek aypybl Byrinae anemaeri 6apnbik eniM-xiTiMHIH 16% Kypanael. Byn kepceTkiw Kasakcran PecnybnukacbiHga Xbin
caiiblH XeTeKwi OpblH anbin keneAi. XKypekTiH uwemnanslk aypysl (KWA) xypek-kaHTaMmblp Xyieci aypybl apacbiHaa
eniMHiH, Heriri cebebi bonbin Kana Gepepi. HaykacTapablH, XapTbiCbl MeAMUUMHAMbIK KOMEKTI KyYTMNECTeH, aypyxaHara
BeiiHri keseHae Kautbic Gornagbl, an Tipi KanFaHgapablH, kenwiniri myregek 6onbin kanagbl. XXegen MUOKapaMsAnbIK
nwemusHel (KMW) emaeyae yakbiT haktopbl ©Te MaHpI3abl pen atkapagb!.

3epTTeyaiH MakcaTbl — reorpadmanblk aknapatTbik xyheHi (TAX) naiganaHa oTbIpbIn, yakbiTTbl eCKepe OTbpbin,
lMaBnogap KanacbliHaa xefen kapavMoxMpyprusnblk KOMEKTiH, ayMaKTblK KOMKeTIMAINIrH aHblKTay MakcaTbiHAa KeHiCTiKTiK
Tangay xypriay.

3epTTey matepuangapbl MeH agictepi. 2017 xbingbliH 1 Tambi3bl MeH 2018 xbingblH 30 wWwingeci apanbiFbiHaa
Masnogap kanacbiHaarsl Xegen MeauumnHansik Kemek (XKMK) cTaHumscbIiHa kenin TyckeH, ST cermMeHTiHIH, keTepinyi xaHe
ST cermeHTiHIH KkeTepinyi XOK efen KOpoHaprblk CuHOpoMbl Bap HaykactapgblH, 2053 kapTanapbliHa PeTpoCneKTUBTI
Tangay xacanblHzp!.

KeHicrikTik Tangay xaHe xeninik Tangaywsl (Network Analyst) QGIS 3.16 6argapnamaceiH (Hannover) nanganaHbin,
xepen kopoHapnblk cuHapom XKKC-HaH keneTiH KOHbIpaynapablH, XUbIHTbIFbIHBIH, ThIFbI3AbIFbIH aHbiKTay xaHe 10, 15
*aHe 20 MUHYTTBIK KOMKETIMAiNiK anmakTapbiH Taby ywwiH xyprisingi. Hot Spot Analysis (xbiny kapTackl) cusiKTbl Kypangap
Oip WwapLbl WaKsIpbIMAaFbl KOHbIpaynapablH LWamagaH ThiC XYKTeNyiH aHbliKTay YLUiH naiganadbingel, an Kernel Density
Kypanbl Kernel yHKUMSICHIH KOmfpaHa OTbIpbIN, HYKTEAEH HEMeCe Kemn Cbi3blKTbl cunatTamanapgaH Oip aydaHHbIH
MerLIepiH ap HYKTere Hemece MOMMAMHUSAFA TETC Xepre OpHanacTblpy YLUiH ecenTtempi. Service Area xaHa Kypanbl
OapnblK KON XeTiMAi kelenepi KaMTUTbIH aliMaKTbl acaigb! (SFHW, UMNedaHC opHaTbiNFaH kewenep). CTaTucTukanbik
MaHbI3abINbIFbl 95% ceHimainik AeHreiHae benrinexai.

Hotuxenep MeH Tankbinay. bi3 Kbi3bin oHe Kbi3FbiNT capbl TycneH BenrineHreH KOHplpaynapablH, eH YIKeH
kenTenici GoibiHWA knacTepnepgiH, OonybiH aHblKTagblK, OGyN Kby KapTacbiHbIH, Tangaybl CUSIKTbl, ThIFbI3 engi
MekeHaepre caiikec kenepi. Ocbinaniua, Kernel density ThiFbI3AbIFbIHBIH, TandaybliH Nalganada otbipbin, 6i3 1 km2-re 42
LaKbIpy#aH acaTbiH WaKbIpy ThiFbI3abiFbl 6ap 6 6enek knactepdi aHbIKTaablK: 4 Knactep KanaHblH, CONTYCTik-06aTbIChbIHAa,
CONTYCTIriHOE KOHE CONTYCTIK-WbIFbICHIHAA, an 2 Knactep OHTYCTiK-0aTbicTa XoHe OHTYCTIK-WbIFBIC aymaKTap.
Kenkabattbl yinep Gomnbin TabbinaTblH KanaHblH KanFaH aygaHpapbiHaH 1 km2-re 18,8-geH 32,8-re gemiH xormpama
anblHFaH. HeridiHeH Xeke TYpFbiH YWNep canblHFaH Kana xoHe aydaHaapAblH LWeT aiMakTapbiHaH 1 km2-re 18-aeH
acnanTblH OTiHIW Tycesi.

KenkabaTTbl yinep TbiFbl3 OpHanackaH aymakTap, CoHaait-aK Kbiabin TycreH 6enrineHreH aymakTapra Xeern Xapaem Keniri
KOHbIpay TyCKeH CaTTeH 6acTan 5 MuHyT iiHae xeTepi. LakbipynapablH TOMeH ThiFbi3abiFbl 6ap ayaaraapaa XMK tacsimansl
10 MuHyT iwinge xetepi. LeTki xoHe kana MaHblH4arb! ayaaHaapFa 15 MUHYT ilLiHae KblaMeT kepceTyre 6onaas!.

KopbiTbiHAbl. KoFapblga KenTipinreH [gepekTtepre CyMeHe OTbipbin, reorpaduanblk  aknapaTTblK Kyienepai
naiganaxa oTbipbin, ockl XKMK canacbiHga KocbiMLia 3epTTeynep kaxeT fen 6omkayra bonagbl.

Tylindi ce3dep: eoaknapammeik xylenep (FAX), ST micweciHiH xofapbinaybiMeH Muokapd uHgapkmici, ST
MICWeCIHIH XOoFapbinaybIHChI3 MUOKapO UHghapkmici.
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Background

The diseases of cardiovascular system (CVD) are the
main cause of death across the world. According to that,
heart diseases accounts for 16% of all deaths in the world
[2]. This indicator in the Republic of Kazakhstan (RK)
annually occupies a leading position. Ischemic heart
diseases stay the leading cause of death [3].

According to the foreign recourses, prime purpose of
medical service in acute myocardial infarction (MI) is the
repairment of myocardial reperfusion [4]. According to the
recommendation of Ministry of Healthcare of RK and
international guidelines for the management of patients with
MI, emergency cardiological care service has only 120
minutes, from diagnosis to transportation to the nearest
percutaneous coronary intervention (PCI) center [6, 10],
which is the most optimal for the treatment of myocardial
infarction. After the diagnosis of MI, based on the clinical
picture, electrocardiogram (ECG) and a troponin test, a
doctor determines the further tactics owing to the time and
the distance to the nearest PCI center. If the time from the
moment of diagnosis to the moment of PCI center admission
is more than 120 minutes, a doctor uses thrombolysis for a
treatment, otherwise, a patient is delivered to the PCI center
without thrombolytic therapy [11, 21].

The only controversial moment here is as follows: when
do we start counting those 120 minutes? Until 2017, the
countdown began from the moment of the index event, that
is from the beginning of the first symptoms, e.g. chest pain.
This period of time can be roughly divided into four time
periods.

The first one starts from the beginning of Ml symptoms
till the primary medical contact, which consists of time from
first symptoms until calling the emergency medical service,
time to receive a call by a dispatcher, and the time of the
ambulance arrival to a patient. Unfortunately, it takes a lot
of time and is affected by many factors: a low level of public
awareness, reduced self-criticism, underestimation of the
severity of conditions, and so on.

The second one starts from the first contact with a
doctor until the diagnosis, which is no more than 10
minutes.

The third one is transportation to hospital. It depends
from many factors: the distance between an ambulance and
a patient, a part of the day. Sophistication of the urban
transport system and conditions of the weather may also
affect the delay of ambulances [1,14,25].

The fourth one is the time from the admission to the
hospital until the start of PCI (reperfusion).
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According to British studies, more than 75% of patients
receive medical care within 150 minutes [24].

There are many factors that are associated with time,
and should be taken into account to reduce negative
outcome in patients with an acute coronary syndrome
(ACS).

Half of the patients die at the prehospital stage, without
waiting for an ambulance. Those who survive become
disable [9]. Such factor as time plays general role in
treatment of MI. The more time medical stuff have after
patient arrives in the hospital, the greater the chances are
to receive adequate and full medical care. These patients
have a small area of myocardial necrosis, it means chances
to be disabled are closer to zero. In that case, Emergency
Medical Service (EMS) plays a very important role, which
depends on localization of EMS Station, distance to a
patient, presence of modern transport, credentials of EMS
team to provide qualified assistance. A not-trivial moment is
the experience of a driver, his awareness of the traffic state,
presence of maintenance work on the road. This knowledge
helps to reduce the time from diagnosis till the moment
when a patient arrives to nearest PCI center.

Despite the fact that Geographic Information System
(GIS) in medicine is a completely new concept to
developing Kazakhstan, the methods of the GIS are widely
used in medicine all over the world for the analysis of
geographical patterns of disease, and the availability of
hospitals [20]. The total area of Kazakhstan s
2724 902 km?. Considering the distances between the
cities, population density is one of the lowest in the world,
less than seven people per km2. Economical, innovational
and technological development, difference of climatic
zones, and environmental conditions, are those factors that
play an important role in the progress of healthcare system
- by implementation of GIS. GIS is a basis for an integrated
assessment of the population well-being, and complex
solution in the infrastructure management and planning.
Across Europe and Asia, GIS has proven to be a very
useful and necessary tool and has found a wide application
in health care, not only for the logistics of ambulance, but
also for the transport of patients from home to the nearest
hospital, in identification of disease clusters. GIS helps to
improve logistics, reducing the economic costs of the
organization [5,22].

GIS analysis techniques allow to geo-reference and
visualize different data, providing a more comprehensive
analysis.
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Previous studies showed that inappopriate logistics can ~ database, STEMI ACS was defined as 121.1, 21.9, 122,
worsen an access to PCI centers. Thus, the mere additon  123.0, 123.2, 123.3, and 123.4. Non-STEMI ACS was coded
of hospitals with PCI can improve the situation in a country.  as 120.0, 121.2, 121.4, and 124.9 in accordance with ICD-10
GIS and mathematical modelling can be used to choose the  classification.
optimal STEMI treatment option depending on the patient’s Spatial analysis and Network Analyst was conducted on
location and the transportation time to PCI center [31]. the program QGIS 3.16 (Hannover) to determine the

The studies over the past 10 years have demonstrated  density of ACS calls and find 10, 15 and 20-minute service
that the problems of the rapid response and the correct  areas. Tools such as the Hot Spot Analysis and a heat map

location of an ambulance station remain relevant [5]. were also used to identify a square kilometer congestion of
In addition, these concerns are supported by the  calls, Kernel Density tool, which calculates a magnitude-
growing demand for ambulances [15]. per-unit area from point or polyline features using a kernel

This study explores coverage of EMS stations for the  function to fit a smoothly tapered surface to each point or
patients suffered from ST-elevation myocardial infarction  polyline, was also applied. New Service Area tool creates a
(STEMI), non-ST-elevation myocardial infarction (NSTEMI),  region that encompasses all accessible streets (e.g. streets

and unstable angina (UA). within specified impedance). Statistical significance was set
Aim of the reported study is to conduct a spatial  atthe 95% confidence level.

analysis to determine the territorial availability of emergency In QGIS program, we made the first layer for spatial

cardiac care in Pavlodar taking into account the time by  analysis. The map was taken from the Google map, on

means of a geographic information system. which a layer of vector maps of the road were
Matherial and Methods superimposed. It helped to calculate later the time spent on

In order to achieve the goals, we conducted a  the road. These two layers were used as a template to
retrospective analysis of 2053 cards with STEMI and non-  create a vector map of the city in the QGIS program.

STEMI ACS, which documented the calls received at the Upon creation of the base layer with a vector map, we
EMS station in Pavlodar (RK) for the period from 1st August ~ added the geocodes got from Yandex server. After that, we
2017 to 30t July 2018. did a preliminary analysis of the data and found that the

Population of the Pavlodar region is 530,209, total areais  largest call aggregation was definitely from the areas with
a 267 km2. The main EMS station serving emergency callsis ~ predominantly high-rise, multi-drive houses, defined as well-
located in the city center. All patients are hospitalized in the  established areas. More detailed information of the methods

Pavlodar Regional Cardiology Center. of analysis is contained in our early publication [12].
The analysed call cards contained the following data: Results
sex, age, and nation, address of call, time (time of call At the beginning, with the help of a heat map, we

application, time of ambulance arriving, time of  determined the patients position on the map in accordance
hospitalization and call completion time), distance, and  with the number of calls per 1km? and distributed them by
result of the call. According to the ambulance service  color (Figure 1).

/ 3 X ,//:\\ - .
Figure 1. The map of ACS case density (left: The geographical distribution
of ACS cases n=2053; right: Hotspot map)

The heat spectrum was presented from a purple colour in the inside of the city. That tool helped to identify the areas
(the smallest number of calls) to yellow colour (the largest ~ with high call concentrations.
number of calls). The figure depicts the areas painted in The next step of our study included the detection of
yellow, which are located in the districts with high-rise  disease focuses defined as clusters. Applying Kernel density
houses. Additionally, the area with high-rise houses colored  tool, we found clusters with the largest focus of calls, marked
in orange was found. The plots with the least number of calls ~ with red and orange, which, like in the heat map analysis,
are painted in lilac colour, these plots are mostly built by the ~ corresponded to the densely built-up areas. Results of the
private sector, and represented more often by single-storey,  Kernel density analysis for the Paviodar city is presented in
less frequent by two-storey houses, both on the outskirts and  Figure 2. The density zones are divided into seven categories
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from white (from 0 to 3 cases per km?) to red (more than 42
cases per km2). Therefore, using Kernel density analysis, we
identified six separate clusters with call density more than 42
hits per km2: four clusters were located in the northwest,
north, and northeast areas of the city, and two clusters were
located in the southwest and southeast territories of the city.

The rest of the city, represented by multi-storey houses,
received between 18.8 and 32.8 visits per km2. Visits from
the outskirts of the city and from areas that are mostly
privately built were registered at the level of not more than 18
visits per square kilometer.

Kernel density of ACS calls points (abs n per 1 square kilometer)

ACS calls points
Irtysh river
Road

Railway

Kernel density
0-3

3-8.5

2 km

Figure 2. Hot spot map clusters and outliers of ACS incidents.

The final step was the analysis of territorial accessibility
using roads and interchanges in the city applying Network

default analysis was based on two conditions: the
ambulance leaves the EMS station and ambulance moves

Analysis and the analysis of ORS of Service Area. Our  atan average speed of 50 km/h (Figure 5).

In the zones, densely built by multi-storey houses, and
in the areas colored in red (Hot Spots), ambulances reach
patients within 5 minutes. Across the areas with low call
density, ambulances reach patients within 10 minutes.
Suburbs can be served in 15 minutes.

Disscussion

In the RK, the first study of the emergency cardiological
care accessibility was conducted in Semey city. A.
Myssayev, et al. in their study determined that Semey
residents were able to receive qualified emergency cardiac
care within 15 minutes [12].

Our research is the second study that GIS-analyzed
ambulance coverage zones considering time-factor in
Kazakhstan. After Hot Spots and Kernel density analysis,
we identified six clusters and areas of the city with the
highest number of patients. The highest frequency of calls
corresponded to the density of multi-storey housing. We
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Figure 3. The map of ambulance service area.

attributed it to the fact that neighbourhoods in the northern
part were built and occupied more than 30 years ago. The
opposite situation was in the south part of the city, which
represented neighbourhoods that were also built with multi-
storey houses but were inhabited more than 10 years ago,
or in areas less than 5 years old where young families were
housed under a government programme (these areas are
represented in yellow in Figure 3).

The key findings were revealed in the work of EMS
station. According to the decree, ambulance and
emergency medical care, including sanitary aviation, is free
for all population [7]. The SMP station operates 24/7. The
ambulance team consists of a driver, a paramedic or a
doctor, a nurse and optionally a specialist (cardiologists,
neurologists, etc.). Pavlodar EMS station processes more
than 215,000 calls per year, covering a total area of 267
km2. In the course of the study, it was found that a single
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SMP station covered the most part of Pavlodar with a 10-
minute corridor. Based on the Network Analyst definition
and the OS of Service Area analysis, we have determined
that the average speed of an ambulance is 50 km/h, and
that the suburban area can be served within 15 minutes.
Prehospital access to advanced care in Pavlodar is similar
to that observed in the New Zeland, USA and Canada
[13,23].

In Kazakhstan, the applying of GIS in healthcare is still
poorly studied. Meanwhile, international studies proved the
key role of the investigations of these kinds. Over the years,
Canadian governmental and non-governmental
organizations have tried to find a link between geography
and health [28].

Clark RA et al. in the GIS analysis compared the 1-hour
availability of PCI centers and rehabilitation centers. They
found that the rehabilitation service was available to 91 per
cent, while PCI centers were available only to 71 per cent of
the population, older patients and indigenous people, who
bore a heavier burden of disease than the general
population and were more disadvantaged in terms of
access [16].

In earlier studies, Nallamothu B.K. et al. showed that
about 80% of adults in the United States lived in 60 minutes
from the nearest PCI center. Despite this, among patients
living in the vicinity of the hospital, almost % patients
experienced a 30-minute delay. These results indicated that
a more thorough planning of the service in the future was
needed [25].

Other studies in Australia showed that 78% of PCI
centers were located in large cities, a significant number of
Australians did not have access to PCI within the time
recommended in the guidelines [18, 26].

These results may help further strategic development of
the cardiac service. In places where access is limited, it is
necessary to mobilize and synchronize relevant
organizations to optimize temporary access to evidence-
based medical services such as PCI [30]. If necessary,
EMS stations may be relocated [29] or used to determine
the number and location of new stations [27]. Lilley R., et al.
in their study showed that 700,000 New Zealanders did not
have timely access to tertiary care, the study revealed
important socio-demographic differences in timely access
for indigenous Maori, New Zealand Europeans, elderly New
Zealanders and South Islanders, reflecting the geographical
distribution of the New Zealand population. According to
Lilley R., et al. the next step in the study is to determine the
optimal location of the hospital providing advanced
healthcare and to prevent deaths [23].

We assume that it is possible to perform spatial analysis
regarding other nosologies (diseases) in order to form a
complete picture of the EMS station coverage according to
road networks and interchanges. The GIS system can also
be used in the control of disease incidence and spread in
particular areas. Hasker et al. used the system to control
the spreading of tuberculosis among the Comoros people
living in the northern islands of Madagascar, with an
estimated population of about 800,000 people [19.

GIS system can be used not only to evaluate ground
services but also to investigate an air emergency service.
Widener M.J. et al. showed the work of the Maryland Air
Force Air Traffic Control Service, located at the Maryland
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Emergency Medical Service Institute (n=2,208 geocodes)
[17]. S. Schierbeck, et al., performed spatial analysis using
a GIS model. They identified the required amount of drones
with an external defibrillation function for cardiac arrest, for
100% coverage of the entire territory of Sweden, with 8
minutes access to patient. They concluded that only 70% of
patients were reached in less than 20 minutes (Me 12
minutes) [29].

Currently, this problem remains one of the most
important social issues and has been widely reflected in the
State Health Development Programme for 2011 - 2015 and
for 2016-2020, where one of the main missions is to
improve diagnostics, providing the development and
implementation of comprehensive diagnostic programs,
introduction of international standards, diagnostic protocols
and methodologies for all levels of health organizations,
based on the principles of evidence-based medicine [8].

All the above-mentioned facts claim that GIS systems
are widely used in many countries. The next research step
should include the assessment of the service availability to
identify available time, areas and zones that require
reorganization for more productive work. As a practical
result, mobilization and synchronization of all necessary
services could be expected. In the next step we plan to
carry out research in a real time mode with conditions that
the ambulance team is located at the EMS station, and
excluding the possibility of accepting a call while on the
route It will allow to study the real picture of EMS work, and,
most importantly, a picture of the accessibility of the EMS
service to the public and its various segments. This will
have the beneficial effect of reducing travel time and
increasing the number of timely service calls, which are far
more cost-effective for the region.

Conclusion

Overall, our study revealed that emergency cardiac care
is able to cover a large area of Pavlodar within the period of
10 minutes. Continuous development and urban growth
warrant a repetitive analysis according to the reported
methodology to establish proper and cost-effective
emergency cardiac care system.
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