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SANTRUMPOS

AID - automatinis i$orinis defibriliatorius

AKS - arterinis kraujo spaudimas

ASP] - asmens sveikatos priezitiros jstaiga

CARES - Sirdies sustojimo registras iSgyvenamumui gerinti (angl. Cardiac
Arrest Registry to Enhance Survival)

CCTYV - uzdaro tinklo vaizdo stebéjimas (angl. Closed-Circuit Television)
CPC -smegeny veiklos kategorijos skalé (angl. Cerebral Performance
Category Score)

DI - dirbtinis intelektas

DNAR - atsisakymas btti gaivinamam (angl. Do-Not-Atempt to Resuscitate)
ED - Skubios pagalbos skyrius (angl. Emergency Department)

EKG - elektrokardiograma

EMD - elektromechaniné disociacija

ERC - Europos gaivinimo taryba (angl. European Resuscitation Council)
ESC - Europos kardiology draugija (angl. European Society of Cardiology)
GMP - greitoji medicinos pagalba

GMPS - greitosios medicinos pagalbos stotis

GKS - Glazgo komy skalé

IQR - interkvartilinis plotis (angl. Interquartile Range)

ISL - i$eminé Sirdies liga

ITS - intensyvios terapijos skyrius

ICU - intensyvios terapijos skyrius (angl. Intensive Care Unit)

JAV - Jungtinés Amerikos Valstijos

KD - kvépavimo daznis

LSMU - Lietuvos sveikatos moksly universitetas

MI - miokardo infarktas

Min. - minuteés

MRT - magnetinio rezonanso tomografija

OR - $ansy santykis (angl. Odds ratio)

OHCA - Staigus $irdies sustojimas uz ligoninés riby (angl. Out-of-Hospital
Cardiac Arrest)

PR - pradinio gaivinimo brigada

PZ - specializuoto/pazangaus gaivinimo brigada



p/v - periferiné vena

PVAA - Pirminé vainikiniy arterijy angiografija

PVALI - Pirminé vainikiniy arterijy intervencija

ROSC - savaiminés kraujotakos sugrizimas (angl. Return of Spontanious
Circulation)

SD - staigi mirtis (angl. Sudden Death)

SpO2 - kraujo jsotinimas deguonimi

SPS - skubios pagalbos skyrius

SCD - staigi Sirdiné mirtis (angl. Sudden Cardiac Death)

SSM - staigi Sirdiné mirtis

SSS - staigus Sirdies sustojimas

s — sekundeés

SV/ST be pulso - skilveliy virpéjimas/skilveliné tachikardija be pulso
SSD - sirdies susitraukimy daznis

UKS - aminis koronarinis sindromas
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JVADAS

Staigus Sirdies sustojimas yra pavojingas gyvybei jvykis, kai $irdis netikétai
nustoja plakti ir nebegali teikti kraujo  smegenis ir kitus gyvybiskai svarbius
organus. Dazniausiai tai jvyksta dél Sirdies ritmo sutrikimy, tokiy kaip
skilveliy virpéjimas ar skilveliné paroksizminé tachikardija. Sios biiklés gali
atsirasti staiga, be jokiy iSankstiniy pozymiy, todél itin svarbi labai greita ir
veiksminga aplinkiniy reakcija. Gaivinimas yra esminis veiksmas, siekiant
atstatyti normaly $irdies ritmg ir kraujotaks. Jis apima krutinés lastos
paspaudimus, o esant galimybei, defibriliacija - elektros $oka Sirdies ritmo
atkirimui. Gaivinimo veiksmy efektyvumas tiesiogiai priklauso nuo
gaivinimo pradzios laiko. Kuo grei¢iau pradedama gaivinimo procediira, tuo
didesné tikimybé iSgelbéti gyvybe ir sumazinti mirciy ar ilgalaikiy sveikatos
sutrikimy rizikg. Taikant gaivinimo veiksmus, koordinuoty veiksmy svarba
yra ypac didelé ir gali tiesiogiai lemti paciento iSgyvenimo galimybes. Pirmojo
asmens, esancio prie staigy Sirdies sustojima patyrusio paciento orientacija,
skubiis kritinés lgstos paspaudimai ir savalaikis skambutis greitosios
medicinos pagalbos dispeceriui, tolesniy gaivinimo veiksmy koordinavimas
tiesiogiai lemia paciento iSgyvenimo galimybes. Kiekviena prarasta sekundé
sumazina paciento iSgyvenimo tikimybe.

Sinchronizuoti kratinés lastos paspaudimai ir dirbtinio kvépavimo
veiksmai leidzia uztikrinti $irdies ir smegeny kraujotaka bei jy apripinima
deguonimi. Defibriliacija yra kritiskai svarbi atkuriant normaly $irdies ritmg.
Aigki ir efektyvi komunikacija tarp pirmojo gaivintojo ir GMP dispecerio
padeda i$vengti klaidy ir uztikrina, kad visi gaivinimo veiksmai bty
atliekami tiksliai ir neuzdelsti. Dispecerio vadovaujamas gaivinimas pagal
aiSkius protokolus uztikrina tinkamg pagalbg jau nuo pirmosios sekundés.

Medicinos mokslui Zengiant j priekj, nuolat pasiekiama jvairiy naujy
laiméjimy. Kad ir kaip dziuginty iStobulinti gydymo budai ar operacijy
meistriSkumas, deja, vis dar yra sriciy, kuriose iki Siol didelio proverzio néra.
Viena jy, Siame disertaciniame darbe analizuojamy temy - staigus Sirdies
sustojimas uz ligoninés riby, kuris yra vienas pagrindiniy mir§tamumo ir
nejgalumo priezasciy visame pasaulyje. Kiek staigiy $irdies sustojimy uz
ligoninés riby per metus jvyksta Lietuvoje ir kokie gaivinimo rezultatai,
nezinoma, nes Lietuvoje néra staigiy mirciy registro. Tuo tikslu siekéme
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iStirti staigy Sirdies sustojima uz ligoninés riby patyrusiy Zmoniy gaivinimo
apimtj 2016-2018 m. laikotarpiu Kauno mieste bei nustatyti veiksnius,
galincius reik§mingai pagerinti gaivinimo uz ligoninés riby baigtis.

ISgyvenamumas patyrus staigia mirtj jvairiose Salyse ir regionuose labai
skiriasi ir vidutiniSkai siekia 10 proc.[1,2]. Naujausi tyrimai rodo, jog
tikimybé i§gyventi gali siekti net 70 proc. ir 7 kartus virsyti i§gyvenamumo po
Sirdies sustojimo Europoje vidurkj, jei nukentéjusjjj gaivina ir defibriliuoja
jvykio liudininkai dar iki atvykstant GMP, ir tik apie 40 proc. - jei
defibriliacija atlieka GMP medikai, kurie jvykio vietg pasiekia per 10-15 min.
Gery rezultaty pasiekia bendruomeneés, kuriy nariai aktyviai padeda teikti
pagalba - kuriami pagalbos teikéjy tinklai. Bandomasis pagalbos teikéjy
tinklo projektas buvo jgyvendintas ir Lietuvoje. Darbe siekéme jvertinti
mobiligja aplikacija sujungty pagalbos teikéjy tinklo aktyvavimo galimybes
staigaus Sirdies sustojimo uz ligoninés riby atvejais.

Dazniausiai staigi klinikiné mirtis jvyksta kity Zmoniy akivaizdoje, tac¢iau
kasdieniniame gyvenime pastebima, kad didzioji dalis visuomenés neturi
patirties arba nezino, kokiy veiksmy imtis, kaip greitai pradéti gaivinti.
Svarbu ne tik laiku pradéti gaivinti nukentéjusjjj, bet ir atpazinti, kad viesojoje
vietoje nugriuvusiam asmeniui reikalinga skubi pagalba.

Dirbtinis intelektas yra sékmingai naudojamas analizuojant medicininius
vaizdus, kad buty galima greitai ir tiksliai nustatyti Sirdies biukle. Dirbtinis
intelektas gali analizuoti greitosios pagalbos skambucius ir juos priskirti tam
tikro pobudzio sveikatos sutrikimams, o tokiu atveju nedelsiant buty
aktyvinami skubiis gaivinimo veiksmai. Be to, dirbtinio intelekto ateitis -
padéti medicinos personalui analizuoti medicininius duomenis, paciento
ligos istorija ar genetinius duomenis, nustatyti asmenis, kurie turi didesne
rizika ar rizikos veiksnius patirti staigy Sirdies sustojimg uz ligoninés riby ir
laiku taikyti prevencines priemones.

Daugelis vieSyjy erdviy yra stebimos vaizdo kameromis. Siuolaikinés
technologijos leidzia ne tik stebéti ar jrasyti vaizda, bet ir ji analizuoti. Kai
staigi klinikiné mirtis iStinka vieSoje vietoje ir $alia néra Zmoniy, kurie galéty
padéti, ar Salia esantys asmenys neturi pakankamai jgadziy, buty aplaidu
nepasinaudoti  dirbtinio intelekto galimybémis. Tuo tikslu sukaréme
eksperimentinj dirbtinio intelekto modelj, kuris leido atpazinti aplinkoje
nukritusj asmenj ir toliau sudaryti saglygas automatiniam greitosios medicinos
pagalbos tarnybos informavimui.
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Manome, kad dirbtinis intelektas gali reik§mingai prisidéti prie staigy
Sirdies sustojima patyrusio Zmogaus atpazinimo ir pagalbos suteikimo.
Sukurti staigaus $irdies sustojimo atpazinimo algoritmai gali padéti
dirbtiniam intelektui greitai ir tiksliai jvertinti situacijg ir perduoti signala
atitinkamiems jrenginiams. Kai kuriais atvejais, $ie jrenginiai gali
automatiSkai siysti pagalbos signalg arba jspéjima medicinos tarnyboms, arba
artimiausiems asmenims.

Geras veiksmy koordinavimas, savalaiké skubi pagalba leidZia neuzdelsti
gaivinimo veiksmy jvykus staigiam Sirdies sustojimui ir lemia paciento
iSgyvenamumg bei gyvenimo kokybe. Toks yra galutinis §io darbo tikslas —
pagerinti uz ligoninés riby jvykusios staigios mirties atpazinima, spartinti
skubiosios pagalbos kvietimg ir nuosekly gaivinimo protokolo vykdyma
vadovaujant dispeceriui.
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1. DARBO TIKSLAS IR UZDAVINIAI

1.1. Darbo tikslas

Itirti naujy technologijy panaudojimo galimybes ir atliekamy veiksmy
optimizavima staigy $irdies sustojimg patyrusiy Zzmoniy gaivinimo kokybei
iki ligoninés, kai greitosios medicinos pagalbos dispeceris vadovauja
gaivinimo procesui.

1.2. Darbo uzdaviniai

1. Istirti staigy Sirdies sustojimg uz ligoninés riby patyrusiy Zmoniy
gaivinimo apimtj 2016-2018 m. laikotarpiu Kauno mieste.

2. Nustatyti veiksnius, galin¢ius reik$mingai pagerinti staigy Sirdies
sustojima patyrusiy Zmoniy gaivinimo uz ligoninés riby baigtis.

3. [vertinti mobiligja aplikacija sujungty pagalbos teikéjy tinklo aktyvavimo
galimybes staigaus Sirdies sustojimo uz ligonines riby atvejais.

4. Sukurti ir iSbandyti dirbtinio intelekto modelj, gebantj vie$aja erdve
stebin¢iomis kameromis atpazinti nugriuvusj Zmogy.

1.3. Darbo mokslinis naujumas ir aktualumas

Ivykus staigiai klinikinei mirciai, vienas i§ svarbiausiu veiksniy,
lemianciy iSgyvenimg, yra laikas iki gaivinimo. Pastebéta, kad gydymo
jstaigose taikyty gaivinimy rezultatai daZniausiai bina palankas
gaivinamajam, taciau vis aktyviau ieSkoma budy, kaip pagerinti ne ligoninéje
atliekamy gaivinimy rezultatus.

Dazniausiai staigi klinikiné mirtis jvyksta kity Zmoniy akivaizdoje, tac¢iau
kasdieniame gyvenime pastebima, kad didZioji dalis visuomeneés neturi
patirties arba nezino, kokiy veiksmy imtis, kaip greitai pradéti asmens
gaivinimo procesg. Keleta mety stebint ir vertinant greitosios medicinos
pagalbos (GMP) dispecerio vaidmenj gaivinimo procese, issiaiskinta, kad
kvalifikuotas ir konkretus vadovavimas gaivinimui pagerina staigia klinikine
mirtj patyrusiy asmeny baigtis.
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Kauno m. GMP stoties skambuciy registravimo duomeny bazés analizés
duomenimis, sékmingy gaivinimo atvejy skai¢ius Kauno mieste yra panasus
i Jungtinés Karalysteés registro [3].

Kauno m. GMP stotis yra pripazinta tarptautiniu ekscelencijos centru [4].
Darbo kokybé, personalo atsakomybés bei kompetencijos leidzia jvertinti
dispecerio atliekamus veiksmus ir numatyti procesy optimizavimo gaires,
modifikuojant  standartinius GMP  protokolus, integruojat naujas
technologijas [5].

Lietuvoje gaivinimo srityje iki $iol tetirta tik kratinés lgstos paspaudimy
kokybé atliekant gaivinimg. Tyrimy rezultatai buvo reik$mingi $iai mokslo
sriciai: tyréjai vieni pirmyjy pasaulyje nustaté, jog Zemo ugio ir mazo svorio
moterims yra sunkiau nei vyrams kokybiSkai atlikti kriitinés lastos
paspaudimus pagal tuo metu galiojusias 2010 m. gaivinimo rekomendacijas,
ir sukaré bei i$bandé Sios problemos sprendimo buda - keturiy ranky
kratinés lastos paspaudimy metodika, vadinamaja Andriaus intervencija. Be
to, vieni pirmyjy pasaulyje iStyré nemokyty gaivinti vyresnio amziaus
visuomenés nariy kritinés lastos paspaudimy kokybe, kai telefonu vadovauja
GMP dispeceris, - tai neabejotinai padéjo sukoncentruoti démesj j atliekama
veiksmg. Pastebéta, kad ne tik Kaune, bet ir visoje Lietuvoje iki $iol néra
staigaus $irdies sustojimo epidemiologiniy duomeny, nes per pastarajj
desimtmet] tyrimy neatlikta, o klinicistams bene kasdien tenka susidurti su
pacientais po gaivinimo visuomenéje. Taigi natiraliai kyla Sie klausimai:
kokie veiksniai lemia geresne nukentéjélio baigtj ir kokia gydymo taktika
turéty buti pasirenkama. Ieskant atsakymy, pirmiausia buvo atliekamas
tyrimas pagal pasaulyje jau standartizuotg modelj, nors Lietuvoje jis niekur
nebuvo i$bandytas ir pritaikytas. Véliau, jvertinus pirmojo tyrimo rezultatus,
buvo iskeltos hipotezés ir suplanuoti bei jvykdyti tyrimai, kuriy vienas -
eksperimentinis ir pasaulyje iki $iol neatliktas.

Doktorantas susipazino su visy duomeny pobudziu ir visa auditavimo
procediira, kas leido paciam ne tik rinkti duomenis, bet ir audituoti
telefoninius skambucius.
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2. LITERATUROS APZVALGA

2.1. Mirtis uz ligoninés riby

Pagal Pasaulio sveikatos organizacijos apibrézimg staigia mirtimi laikoma
mirtis, kai nuo sunkios Sirdies pazaidos staiga, ne véliau kaip per 24 val. nuo
pirmyjy pozymiy pasireiSkimo, mirsta iki tol buves praktiskai sveikas
Zmogus.

Remiantis OHCA, duomenims rinkti ir skelbti pasaulyje labiausiai paplite
Utsteino kriterijai. Jie sukurti, kai praeito amziaus devintajame de§imtmetyje
OHCA srities tyréjai pastebéjo, kad stinga standarty ir nomenklatiiros [6].
1990 m. birzelio ménesj Norvegijos Stavangerio savivaldybéje esanciame
Utsteino vienuolyne jvyko pirmasis diskusijy (focus) grupés susitikimas, o
paskui buvo isleistos pirmosios staigios mirties moksliniy tyrimy gairés.
Norint palyginti gaivinimo ir sistemos kokybe, tyrimuose buvo pradéti
naudoti Utsteino kriterijai: staigi mirtis jvyko liudininky akivaizdoje,
pirmasis ritmas — defibriliuojamas ir priezastis — Sirdies sustojimas.

2.1.1. Epidemiologija

Kiek staigiy Sirdies sustojimy uz ligoninés riby per metus jvyksta Lietuvoje
ir kokie gaivinimo rezultatai, nezinoma. Lietuvoje néra staigiy mirciy
registro.

Informacijos $ia tema galima gauti i§ TLK-10-AM / ACHI / ACS
elektroninio vadovo, kuriame pagal diagnozes galima ieSkoti duomeny
Higienos instituto Sveikatos informacijos centro Sveikatos statistikos skyriuje
[7]. Dél patologijos jvairiapusiSkumo ir medicinos personalo patirties $ie
jvykiai gali buti koduoti kitais kodais, pvz.: Gminis miokardo infarktas,
plauciy embolija, sinkopé, dauginé trauma ir kt., o tai apsunkina tikslios
informacijos prieinamumg ir duomeny analize. Be to, stinga konkrecios
informacijos, susijusios su kodu 146 (2.1.1.1 pav.).
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146 Sirdies sustojimas

Pastaba: Sios kategorijos kodai gali bati priskirti tik tada, kai buvo taikytas gaivinimas, nezidrint j rezultata.
ISskyrus: kardiogeninj Soka ( )
komplikuojantj:
* aborta, negimdinj néstuma arba néstuma su pasline iSvisa ( - p )
® akuserines operacijas ir procedras ( )
146.0 Sirdies sustojimas, kai gaivinimas sékmingas
146.1 Staigi kardialiné mirtis, jei taip aprasyta
ISskyrus:
staigiq mirtj:

* neklasifikuojama kitaip ( )

® esant:
® laidumo sutrikimams ( -145)
* miokardo infarktui (121-122)

146.9 Sirdies sustojimas, nepatikslintas

2.1.1.1 pav. TLK-10-AM kodavimas

Staigios mirties uz ligoninés riby daznumas jvairiose $alyse ir Zemynuose
skiriasi. Suaugusiyjy grupéje jis vidutiniSkai yra 55 atvejai 100 tukst.
gyventojy [8]. Siaurés Europos regiono $alyse Danijoje [9], Norvegijoje [10],
Svedijoje [11], Suomijoje [12], taip pat kaimyninéje Lenkijoje [13] staigios
mirties daznumas panasus. Literatiiros duomenimis, kasmet vien tik JAV
staigy Sirdies sustojima patiria daugiau nei 350 tikst. Zzmoniy [14].

Staigios mirties daznumas glaudziai susijes su amziumi - kuo vyresnis
zmogus, tuo didesné tikimybé staiga numirti. Naujagimystés ir ankstyvos
vaikysteés laikotarpiu jos daznumas yra mazdaug 1 atvejis 100 tikst. gyventojy
[15-17], vidutinio amziaus Zmoniy grupéje (50-60 mety) - mazdaug 50
atvejy 100 tukst. gyventojy per metus [18], o sulaukus astuntojo desimtmecio
kasmet - daugiau kaip 200 atvejy 100 tukst. gyventojy [17].

Pastebéta, kad visose amziaus grupés staigi mirtis vyrus iStinka dazniau nei
moteris [19]. Kai kuriy autoriy duomenimis, reik§mingas ir etninis rasinis
veiksnys [20]. Skaic¢iuojama, kad Europoje mazdaug 10-20 proc. visy mirciy
yra staigios sustojus Sirdziai, o GMP duomenimis, jy pagalba asmenims,
patyrusiems staigia mirtj, teikiama mazdaug 300 tikst. karty per metus [21].

Vakary Salyse staigios mirties epidemiologija yra susijusi su iSemine Sirdies
liga (ISL), kuri lemia iki 75-80 proc. staigios mirties atvejy [22]. Nors ISL
paplitimas tebéra panasSus, mirtingumas — smarkiai sumazéjes [21]. Nors
pasirodo pranesimy apie staigios mirties daznumo mazéjima, taciau lyginant
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kardiovaskulines mirties priezastis staigios mirties rizika galimai padidéjo
[21].

Neabejojama, kad reguliari sportiné veikla yra naudinga Sirdies ir
kraujagysliy sistemai, taciau pastebima, kad atliekama pernelyg energingai
tam tikro amziaus asmenims jj tampa rizikinga dél tikimybés patirti staigia
mirtj [23, 24]. I$analizavus praneSimus apie staigias mirtis, susijusias su
sportu, pastebéta, jog dauguma jy jvyko sportuojant rekreaciniais tikslais, o
ne profesionaliems sportininkams, dazniau vidutinio amziaus vyry grupéje.
ISL jvardinama kaip daZniausia priezastis, o staigi mirtis — pasekmé [21].

Pagal Europos kardiology draugijos (angl. European Society of Cardiology,
ESC) gaires staigi mirtis sudaro mazdaug puse visy mirciy nuo Sirdies ir
kraujagysliy sistemos pazaidos, net iki 50 proc. atvejy ji biina pirmasis Sirdies
ligos Zenklas [21].

2022 m. CARES (angl. Cardiac Arrest Registry to Enhance Survival)
registro duomenimis, staigy Sirdies sustojima suaugusiyjy populiacijoje (97,3
proc.) dazniau patyré vyrai (62,5 proc. atvejy) nei moterys, amziaus mediana
- 65 metai (vidurkis - 62,2; standartinis nuokrypis - 19,3); dazniausiai, 72,4
proc. atvejy, namuose, lyginant su 12 proc. vieSose vietose, 10,3 proc. —
slaugos jstaigose [25].

Reik$minga tai, jog daugiau nei pusé (51,3 proc.) atvejy mirtis istiko, kai
galia buvo kitas zmogus - jvykio liudininkas. Literatiiros duomenimis,
dazniausios staigios mirties priezastys yra $ios: kardiologinés (82,5 proc.),
kvépavimo sustojimas / asfiksija (8,7 proc.), narkotiky perdozavimas (7,0
proc.), nukraujavimas (0,7 proc.), skendimas (0,5 proc.), kitos medicininés
priezastys (0,6 proc.) [25].

Apzvelgiant priezastis pagal amziaus grupes, 2.1.1.2 paveiksle matyti, jog
jaunesniame amziuje vyrauja genetiskai paveldima kanalopatija (kai mirus
jaunesnio amziaus Zmogui nenustatoma jokiy struktiriniy pazeidimy),
kardiomiopatija, miokarditas ir vainikiniy arterijy anomalijos [15, 26].
Mazdaug pusé staigiy mir¢iy, jvykusiy sulaukus 40 m., yra susijusios su ISL,
ypac¢ iminés iSemijos sindromu. Vyresnio amziaus zmoniy grupése vyrauja
letinés struktarinés $irdies ligos, pradedant ISL sukeltais poky¢iais, voztuvy
patologija ir baigiant $irdies nepakankamumu [21].
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2.1.1.2 pav. Mirties atvejy pasiskirstymas pagal amZiy, lytj ir prieZastj

(Saltinis: Europos kardiology draugijos gairés [21])

SA - skilveliné aritmija; SSM - staigi $irdiné mirtis; PVT - polimorfiné skilveliné tachikardija;
monomorfiné skilveliné tachikardija; CPVT - katecholaminerginé polimorfiné skilveliné tachikardija;
LQT - ilgo QT intervalo sindromas; BrS - Brugada sindromas; ACS - imus koronarinis sindromas;
Sarcoid - raumens pazeidimas; HCM - hipertrofiné kardiomiopatija; DCM - dilataciné
kardiomiopatija; ARVC - aritmogeniné desiniojo skilvelio kardiomiopatija; rTOF - rekonstruota Falo

tetrada; chronic CAD - létiné vainikiniy arterijy liga.
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2.2. Gyvybés grandinés sudedamosios dalys

»Gyvybés grandiné“ yra gyvybe gelbstinciy veiksmy seka, kuri yra labai
svarbi didinant i§gyvenamumo tikimybe po staigaus $irdies sustojimo. Sig
seka sudaro: Sirdies sustojimo atpazinimas ir pagalbos aktyvavimas, kratinés
lastos paspaudimai (kurie uz ligoniné riby gali buti derinami su jpatimais
santykiu 30:2), ankstyva defibriliacija automatiniu i$oriniu defibriliatoriumi
(AID) pries$ atvykstant greitosios medicinos pagalbos (GMP) tarnyboms ir
specializuota mediky teikiama reanimaciné pagalba. Uz pirmuosius tris
gyvybés grandinés ziedus atsakingas kiekvienas visuomenés narys [102].

Jrodyta, jog gyvybés grandinés ziedy svarba yra skirtinga [27]. I$gyvenusiy
pacienty skai¢ius gyvybés grandinéje laipsniskai mazéja, todél geriausiy
rezultaty galima pasiekti stiprinant pirmasias grandis. Laiku uztikrinus
pagalba, daugiau pacienty atgaivinama jvykio vietoje, i$vengiama
negriztamos neurologinés pazaidos ir asmenys laiku patenka j ligonine
specializuotos pagalbos.

s atpazinimas ir pagalbos kV/e, Ankstyvi gaivinimo veiksmai, Ankstyva defibriliacija - Kinkamas gydymas po gaivinimg,
5 <
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2.2.1 pav. Gyvybés grandinés dalys
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Pirmasis gyvybés grandinés Ziedas - staigios mirties atpazinimas,
pagalbos aktyvavimas. Uz ligoninés riby staigi mirtis nustatoma, kai néra
samonés ir normalaus kvépavimo. Ciuopti pulsa visuomenés nariams
nerekomenduojama, nes pulso ciuopimas néra patikimas iSnykusios
kraujotakos nustatymo pozymis. Nemokyti gaivinti staigios mirties
liudininkai, nustate, jog nukentéjélis nereaguoja pajudintas ir pasauktas,
turéty nedelsdami kviesti GMP, skambindami tel. 112 tiesiogiai GMP
dispeceriui, o kvépavima vertinti kartu su dispeceriu [28, 29].

Antrasis gyvybés grandinés ziedas - kokybiski kratinés Ilastos
paspaudimai, atliekami vadovaujant GMP dispeceriui. Suauge Zmonés
dazniausiai mirsta dél Sirdies veiklos sutrikimo. Sustojus $irdziai kraujyje kurj
laikg dar lieka pakankamai deguonies, tac¢iau sutrinka jo pernasa j gyvybiskai
svarbius organus. Pirmosiomis minutémis sustojus $irdziai kratinés lastos
paspaudimai svarbesni uz jputimus, todél staigios mirties atveju dispeceris
skambintojui nurodo gaivinti be jpatimy. Atliekant gilius (5-6 cm) ir greitus
(100-120 k./min.) kratinés lastos paspaudimus gelbétojo rankomis
sukuriama minimali kraujotaka, kurios pakanka, kad nezuty deguonies badui
jautriausi organai — smegenys ir $irdis [28].

Treciasis gyvybés grandinés ziedas — ankstyva defibriliacija AID. Atlikty
tyrimy duomenimis, staiga sustojus Sirdziai i$ pradziy apie 60-70 proc. atvejy
buna skilveliy virpéjimas ar skilveliy tachikardija be pulso (SV ar ST be pulso)
[30]. Abu ritmo sutrikimai sékmingai gydomi defibriliacija. Defibriliuojamas
ritmas yra vienas svarbiausiy i§gyvenamuma didinanciy veiksniy jvykus
staigiai mirciai [31]. Deja, defibriliuojamas ritmas trunka trumpai. Atvykus
GMP medikams, defibriliuojamas ritmas buna tik apie 25 proc. atvejy [3].
Daugelyije Saliy jau keleta deSimtmeciy diegiamas ir plétojamas AID tinklas,
kad defibriliatorius buty pasiekiamas grei¢iau nei atvyksta GMP medikai.
Paskambinus GMP tel. 112, dispeceris ne tik pasako, kaip kokybiskai atlikti
kratinés lastos paspaudimus, bet ir kur yra artimiausias defibriliatorius. Jei
defibriliacijg atlieka liudininkai per pirmasias minutes nuo $irdies sustojimo,
iSgyvena net apie 70 proc. pacienty, dauguma jy grizta j visavertj gyvenima
(30, 32].

Ketvirtasis gyvybés grandinés Ziedas — specializuota reanimaciné pagalba
ir gydymas po gaivinimo, kurj pradeda teikti GMP personalas, o véliau tesia
ligoninés medikai. Kadangi viena dazniausiy staigios mirties priezasciy yra
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$irdies vainikinés kraujotakos sutrikimas dél kraujagysliy uzsikims$imo, labai
svarbu atgaivinus pacientg pirmiausia pagalvoti apie $ig priezastj. Kiekvienas
pacientas, kuriam jtariamas Gminés iSemijos sindromas, turéty patekti j
specializuotg kardiologijos centrg, kuriame atliekama pirminé perkutaniné
vainikiniy arterijy intervenciné procediira visa parg ir taikomas Kkitas
standartizuotas gydymas po gaivinimo [102].

2.2.1. Pagalbos teikimas iki ligoninés

Pagalbos teikimo iki ligoninés etapg sudaro trys pagrindinés dalys:
dispeceriné, pagalbos teikimas jvykio vietoje ir paciento transportavimas.

Dispeceriné

2.2.1.1 pav. Dispecerio darbo vietos vaizdas

Dispeceris uzduoda pagrindinius klausimus kvietéjui (2.2.1.1 pav.).
I$siaiskina tikslig jvykio vieta, kokios pagalbos reikia, ar aplinka saugi
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kvietéjui, ar bus saugu GMP brigadai. Surinkes pradine informacijg, pradeda
koordinuoti GMP brigady veiksmus, aktyvuoja artimiausia GMP brigada, o
jei reikia, ir papildomas GMP brigadas. Dispeceris, koordinuodamas GMP
brigady darba, jei nustato ar jtaria, kad jvykes staigus Sirdies sustojimas,
pradeda instruktuoti, kaip teikti pagalba jvykio vietoje iki atvyks GMP [33,
34]: skambintojui nurodo, kur uzdéti rankas ant kratinés, pradeda skaiciuoti
ir kartu skaiciuoja kratinés lastos paspaudimus. Pokalbis te¢siamas tol, kol
jsitikinama, kad | jvykio vietg atvyko GMP brigada. Siektina, jog dispeceris
atpazinty staigy Sirdies sustojimg per 1 minute¢ nuo pokalbio pradzios, o
pradéty teikti gaivinimo instrukcijas per 2 minutes [35, 36].

Defibriliatoriai vieSose vietose

DEFIBRILIATORIUS PP BTy
IR TURNIKETAS

SUSTABDYK KRAUJAVIMA

1 SPAUSK Rawkomys
N

o

2 Uk rvaggyy g SPAUSK
N

2.2.1.2 pav. Defibriliatoriaus ir turniketo jrenginys
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Istoriskai defibriliacija i§ pradziy atlikdavo tik gydytojai ligoninése.
Siekdama sutrumpinti laikg iki gyvybe gelbstincios defibriliacijos, 1992 m.
Amerikos $irdies asociacija (angl. AHA) suformulavo defibriliatoriy vieSose
vietose (angl. Public Access defibrillation) diegimo koncepcija [37]. Nuo to
laiko pradéjo kurtis vieSyjy viety AID tinklai. Véliau 1998 m. ir Europos
gaivinimo taryba (angl. ERC) paskelbé analogiskas rekomendacijas, kad
automatinius defibriliatorius gali panaudoti arciausiai nukentéjusio asmens
esantys ir gaivinti mokantys / nemokantys visuomenés nariai dar iki
atvykstant GMP [38].

Naujausi tyrimai rodo, jog tikimybé iSgyventi siekia apie 70 proc. [32, 39,
40] ir net 7 kartus vir$ija i§gyvenamumo po Sirdies sustojimo Europoje
vidurkj, jei nukentéjélj gaivina ir defibriliuoja jvykio liudininkai dar iki
atvykstant GMP, ir tik apie 40 proc. - jei defibriliacija atlieka GMP medikai.
Diegti  defibriliatoriy =~ prieinamumo  bendruomenése  programas
rekomenduoja 2015 m., 2022 m. Europos gaivinimo tarnybos (angl. ERC)
gairés, taip pat Amerikos Sirdies asociacijos (angl. AHA) gairés [28]. AHA
rekomenduoja automatinius iSorinius defibriliatorius (2.2.1.2 pav.) iSdéstyti
tokiu atstumu, kad jie buty pasiekiami per 1,5 min. sparciai einant. Europos
gaivinimo tarybos gaivinimo gairés rekomenduoja AID jrengti tose vietose,
kur 5 mety laikotarpiu buvo jvykes Sirdies sustojimas.

Taigi, norint iSgelbéti daugiau gyvybiy, svarbu ne tik didinti gaivinti
mokanciy visuomenés nariy, bet ir AID skaic¢iy (2.2.1.3 pav.) bei
pasiekiamuma [21, 40].

Pirmosios pagalbos teikéjai ir jy tinklas

Neretai staigios mirties liudininkai bina greta esantys Zmonés. Esant
palankioms aplinkybéms, jie grei¢iausiai skambina j GMP, skubiai pradeda
daryti kratinés lastos paspaudimus, kviecia pagalba, organizuoja automatinio
defibriliatoriaus atnes$ima ir jj prijungia [42, 43]. Pastebéta, kad viesoje vietoje
(darbe, parduotuvéje, sporto saléje ar kt.) pagalbos teikéjai, pirmieji
gaivintojai dazniausiai biina jaunesnio amziaus asmenys, lyginant su tokia
pagalba teikianciais namy aplinkoje. Be to, vieSose vietose gaivinanciyjy ar
mokanciyjy gaivinti neretai biina daugiau nei vienas, o tai neabejotinai gali
lemti geresne gaivinimo kokybe iki atvykstant GMP brigadai ir geresnj
nukentéjeliy iSgyvenamuma [41, 44].
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2.2.1.3 pav. Defibriliatoriy vietos zemélapyje Kauno mieste ir Kauno
rajone [41]

Kai kuriose 3alyse, pvz.: JAV, Olandijoje, Sveicarijoje, kartu su pirmuoju
GMP ekipazu dispeceris j jvykio vietg iSsiuncia ir kity pagalbos tarnyby
pareigiinus  (policininkus, ugniagesius/gelbétojus) [45], medicinos
literatiiroje vadinamus profesionaliais pirmosios pagalbos teikéjais, kurie
daznai j jvykio vieta atvyksta grei¢iau nei medikai ir pradeda arba tesia jvykio
liudininky pradéta pradinj gaivinimg [21, 46].

Profesionaliy pirmosios pagalbos teikéjy koordinuoti ir tikslas veiksmai,
laiku panaudotas AID uztikrina geresne staigia mirtj patyrusio Zmogaus
gaivinimo kokybe ir i§gyvenamumga [47-49].

Prie§ 30 m. JAV Minesotos valstijoje startavo vienas pirmuyjy tokiy
projekty. Policijos pareigiinai ir ugniagesiai gelbétojai buvo apmokyti
naudotis AID, jdiegtas jy tinklas vieSose vietose [32]. Ivykus Sirdies
sustojimui, dispeceris kartu aktyvuodavo visas tris pagalbos tarnybas: GMP,
policija ir gelbétojus. Gaivinimo veiksmus ir defibriliacija pradédavo ta
tarnyba, kuri anksciausiai atvykdavo j jvykio vietg [50]. Pastebéta, kad jdiegus
$ig sistema atgaivinty ir iSgyvenusiy pacienty skaicius reik§mingai padidéjo,
nes sutrumpéjo laikas iki pagalbos [41, 51].

Literatiiros duomenimis, Sveicarijos Ticino kantone pagalbos teikéjus
aktyvuojantis tinklas veikia nuo 2006 m. Sis regionas pripaZintas vienu i§
geriausius gaivinimo rezultatus Europoje pasiekusiy regiony. Skubios
pagalbos teikéjai yra apmokyti atlikti pradinj gaivinimg ir teikti pirmaja
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pagalba [52]. 2014 m. $veicarai jdiegé mobiligja aplikacija, kuria nustato
galincio teikti pagalbg asmens buvimo vietg ir susieja su kvietimo vieta [52].
M. L. Caputo su bendradarbiais atliktas tyrimas atskleideé, jog laikas, per
kurj aktyvuotas pagalbos teikéjas atvyksta j jvykio vieta, sutrumpéjo, o tai
reiskia, kad mobilioji aplikacija sudaré salygas dar greic¢iau pradéti gaivinimo
veiksmus, dél to iSgyvenamumo rezultatai pageréjo net 30 proc. [52].

Pagalbos teikimas jvykio vietoje

Atvykusi j jvykio vieta GMP brigada greitai jvertina situacijg ir, jei
tikslinga, pratesia arba pradeda pradinj, o véliau ir specializuotg gaivinima.

GMP brigados pagal gaivinimo veiksmy pobudj yra skiriamos i galincias
teikti pradinj gaivinimg (brigados, kuriose dirba 2 nariai: vairuotojas ar
vairuotojas-paramedikas ir (ar) paramedikas, slaugytojas) ir galincias teikti
pazangia reanimacing pagalba (brigados, kuriose dirba 3 nariai: vairuotojas
ar vairuotojas-paramedikas ir slaugytojas, ir gydytojas). Kadangi i jvykio vieta
pirmiausia siun¢iama arciausiai esanti GMP brigada, daznu atveju bus
pradedamas pradinis gaivinimas, o véliau, atvykus papildomai brigadai,
pradedamas ir specializuotas gaivinimas, kurio metu be krutinés lastos
paspaudimy bandoma nustatyti grjZtamasias mirties priezastis, kurias
bandoma koreguoti. Jeigu reikia skiriama vaisty, o esant defibriliuojamam
ritmui, taikoma defibriliacija, be to, palaikomas kvépavimo taky
praeinamumas [41, 102].

Paciento transportavimas
Pavykus gaivinimui, pacientas gabenamas j ligonine, kurioje teikiama
specializuota pagalba. Neretai transportuojant pacienta tesiami gaivinimo
veiksmai, jei numanoma, kad ligoninéje bus galimybé taikyti papildomas
medicinines priemones, kurios lems sékmingg gaivinimo baigtj, pvz., esant
atspariam skilveliy virpéjimui [102].
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2.2.2. Pagalbos teikimas skubiosios pagalbos ir intensyviosios terapijos
skyriuose

Pagalbos teikimas staigia mirtj patyrusiam asmeniui toliau tgsiamas
skubiosios pagalbos skyriuje (SPS) ar intensyviosios terapijos skyriuje.

Pagalbos organizavimas ir teikimas skubiosios pagalbos skyriuje prasideda
i$ karto gavus pranesima apie vykstantj gaivinima. Dirbanti komanda skubiai
ruodiasi priimti pacientg: paruo$ia lova intensyviai pagalbai teikti skirtoje
palatoje, paruosia dirbtinés plauciy ventiliacijos aparatg ir kitas priemones,
kuriy gali prireikti, pvz., paciento kino temperatiros kontrolei skirtas
priemones. Atvykus pacientui ir GMP atlikus perdavima, dirbanti komanda
pirmiausia dar kartg jvertina gyvybines funkcijas, atlieka pirminj i$tyrima,
jvertina poreikj testi gaivinimo veiksmus. Atliekant paciento tyrima, daug
papildomos informacijos suteikia instrumentiniai tyrimai, pvz., ultragarsinis
tyrimas, o jei reikia, ir rentgeninis tyrimas ar kompiuteriné tomografija.
ISgyvenusiesiems dél besivystancio miokardo infarkto (MI) 2 val. laikotarpiu
atliekama neatidéliotina angiografija. Miokardo infarktas jtariamas, kai pries
sustojant Sirdziai pasireiské skausmas kratinéje arba i§ anamnezés Zinoma,
kad yra nustatyta vainikiniy arterijy liga, rasta patologiniy ar abejotiny
pokyc¢iy EKG. Jei ST segmento pakilimo EKG néra, skubiosios pagalbos ar
kardiologijos intensyviosios terapijos skyriuose rekomenduojama atlikti
skuby Sirdies ultragarsinj tyrima, kad bty paneigtos kitos, ne $irdies ligos bei
buakles [53].

Atsizvelgiant | Europos kardiology draugijos (angl. ESC) rekomendacijas
[54], iSemija nustatoma, kai yra toks ST pakilimas:

e V2-V3 yra 22,5 mm gretimose derivacijose vyrams iki 40 m., 22 mm
vyrams nuo 40 m.,

e V2-V3yra 21,5 mm gretimose derivacijose moterims,

e ir (ar) 21 mm kitose derivacijose.

EKG atliekama per 10 min. nuo kontakto su pacientu arba i§ karto
atsinaujinus kraujotakai po sékmingo gaivinimo. Pacientams, sergantiems
apatinés sienos MI, rekomenduojama uzrasyti deSinigsias derivacijas, ieskant
ST segmento pakilimo (V3R ir V4R) ir siekiant nustatyti kartu vykstantj
desiniojo skilvelio infarkta.

Toliau pateikiamos ESC rekomendacijos staigios S$irdinés mirties
istiktiems pacientams [21]:
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1. Daugiadisciplinés komandos atlieckami tyrimai iSgyvenusiesiems po
staigaus $irdies sustojimo (SSS), kai néra akivaizdZios neirdinés priezasties (I
rekomendacijy klasé, B jrodymy lygmuo).

2. SSS patyrusiems pacientams, kuriy Sirdies elektriné veikla nestabili, kai
jtariama besitgsianti miokardo iSemija, indikuotina $irdies vainikiniy arterijy
angiografija (I rekomendacijy klasé, C jrodymy lygmuo).

3. I3gyvenusiesiems po SSS indikuotina galvos smegeny KT, kai paciento
simptomai, EKG rodmenys ir echokardiografija neatitinka $irdinés
priezasties (IIa rekomendacijy klase, C jrodymy lygmuo).

4. Isgyvenusiesiems po SSS atvykus i ligonine, paimami kraujo méginiai
toksikologiniam tyrimui (I rekomendacijy klasé, B jrodymy lygmuo).

5. I3gyvenusiesiems po SSS atvykus j ligonine, jeigu jy Sirdies veiklai palaikyti
yra implantuoti prietaisai, informacija i§ jy turi bati nuskaityta (I
rekomendacijy klasé, B jrodymy lygmuo).

6. Isgyvenusiesiems po SSS atvykus j ligonine ir esant stabiliam $irdies ritmui,
tikslinga atlikti 12 derivacijy EKG ir taikyti nuolating EKG stebésena (I
rekomendacijy klasé, B jrodymy lygmuo).

7. Visiems  iSgyvenusiesiems po  SSS  rekomenduojama  atlikti
echokardiografinj tyrima, jvertinti Sirdies veikla (I rekomendacijy klasé, C
jrodymy lygmuo).

8. Vainikiniy arterijy vaizdo tyrimas ir MRT tyrimas su vélyvaisiais
gadoliniu sustiprintais vaizdais yra tikslingas vertinant $irdies struktirg ir
funkcija visiems idgyvenusiesiems po SSS, kai jvykio priezastis neaiski (I
rekomendacijy klasé, B jrodymy lygmuo).

9. Natrio kanaly blokatoriy tyrimas ir fizinio kravio méginys yra
rekomenduotinas, kai iSgyvenusiesiems po SSS priezastis lieka neaigki (I
rekomendacijy klasé, B jrodymy lygmuo).

10. Ergonovino, acetilcholino ir hiperventiliacijos tyrimai svarstytini, kai
igyvenusiesiems po SSS numanoma vainikiniy arterijy vazospazmo
diagnozé (IIb rekomendacijy klasé, B jrodymy lygmuo) [35].

Klinikiniy tyrimy duomenimis, atlikta koronarografija (su PVAI ir be jos)
susijusi su geresniu i§gyvenamumu ir geresnémis neurologinémis baigtimis
pacienty be ST pakilimo grupéje [53]. Pabréztina, jog geresnéms gydymo
baigtims reik§més turi standartizuotas gydymo po gaivinimo protokolas [55,
56], kuris padeda standartizuotai jvertinti baigtis pagal CPC skale (angl.
Cerebral performance category score) (2.2.1.1 pav.) ar kitas skales.

28



Dauguma atvejy, jei gydymas ligoninéje nesibaigia mirtimi, pacientai
tolesniam gydymo etapui yra siunciami j reabilitacijos jstaigas, o esant
nepalankios baigties prognozei, j Zemesnio lygio gydymo jstaigas ar slaugos
ligonines [57].

PC 1: visiSkas pasveikimas arba lengva negalia

Teigiamos iSeitys ’
‘ CPC 2: vidutiné negalia, pilnas savarankiskumas kasdienése veiklose

CPC 3: sunki negalia, priklausomybé atliekant kasdienes veiklas

‘ Neigiamos iseitys
CPC 4: nuolatiné vegetaciné baklé

CPC 5: mirtis

2.2.2.1 pav. CPC - smegeny veiklos kategorijos skalé skalé (angl. Cerebral
performance category score)

2.3. Griuvimy registravimas ir analizé automatiniu budu

Vienas i§ misy tyrimo uzdaviniy - griuvimo atpazinimas. Literataros
$altiniuose dauguma apradyty studijy tyré senyvo amziaus zmoniy griuvimus
namuose ar slaugos jstaigose. Neretai griuvimas senyvo amziaus Zzmogui gali
tapti mirtinu veiksniu dél véliau kilusiy komplikacijy [58]. Taigi griuvimo
prevencija — geriausias buidas apsisaugoti [59].

Placiausiai paplites buidas registruoti Siuos jvykius yra nesiojamuyjy (angl.
wearables) jutikliy naudojimas. Alternatyva, bet pasirenkama gerokai reciau
yra stebéjimas vaizdo kameromis. Tiek pirmasis, tiek antrasis metodai turi
savo privalumy ir trakumy, kurie neabejotinai susije su infrastruktira
(vaizdo kamery jrengimas, jy montavimas jskaitant elektros $altinj, laidai ar
belaidis interneto rysys ir t.t.), tiek paties prietaiso nesiojimu (senjoras gali
pamirsti jj uzsidéti, gali buti nepatogu, gali nemokéti naudotis ir kt.),
saugumo ir privatumo aspektais (konkretaus asmens identifikavimas,
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privacios veiklos identifikavimas ir kt.). Literataroje rasta ir kity budy
registruoti griuvima [60], pvz.: IoT (angl. Internet of Things) pagrindu,
debesijos pagrindu, i$maniyjy telefony pagrindu, garso analizés pagrindu,
biomedicininiy signaly pagrindu, kinematiniy signaly pagrindu. Tyrimy,
skirty analizuoti vaizdo kamery panaudojimg jvykusiam SSS nustatyti,
nebuvo rasta. Labiausiai tikétina prieZastis ta, jog tokias situacijas sudétinga
numatyti. Be to, apklausos rodo, kad gali kilti jvairiy etiniy dilemy, pvz.: dél
sutikimo dalyvauti tyrime, dalyviy privatumo, ypa¢ asmeniniy duomeny
saugumo [61].
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Metai ir ménesiai

2.3.1 pav. Griuvimy atpaZinimo paieskos pasaulyje (Saltinis: Google
trends)

Kaip matyti 2.3.1 paveiksle, pasaulyje griuvimo atpazinimu domimasi vis
labiau, todél atitinkamai daugéja ir paiesky $ia tema. Pasaulinés tendencijos
neatsilieka ir medicinoje, todél publikacijy apie griuvimo atpazinima skaicius
irgi smarkiai didéja (2.3.2 pav.). Tai rodo ne tik problemos aktualuma, bet ir
moderniy problemos sprendimo budy paieska.
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2.3.2 pav. Publikacijos apie griuvimy atpaZinimg (Saltinis: Pubmed)

Fiziologinis fiksavimas

Vietiné komunikacija
NeSiojamieji

jutikliai Informacijos apdorojimas
Vizualiniai iutikliai Bluetooth
izualinial jutiklial ZigBee - - Vartotojo aplikacija
Aplinkos jutikliai Stacionari
. o | WIiFi kompiuterija
Kombinuoti jutikliai . . Siun€iami
Mobilaus rysio Debegq B pranesimai
kompiuterija
Pagalbos
iSkvietimas

2.3.3 pav. Keturiy sluoksniy griuvimy atpazinimo sistema
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Griuvimy atpazinimo sistema susideda i§ keturiy sluoksniy, kurie pateikti
2.3.3 paveiksle. Duomenys yra renkami per fizinius jutiklius, kurie
perduodami vietiniu ry$iu ir pradedami apdoroti vietiniame kompiuteryje, o
i$ jo perduoti duomenys yra apdorojami didesnéje sistemoje. Jeigu reikia,
vartotojui siun¢iami pranesimai arba atvirksciai - vartotojas siuncia pagalbos
kvietima [62].

~ NeSiojami

o jutikli‘aim
Vizualiniai Aplinkos
jutikliai jutikliai

2.3.4 pav. Fiziniy jutikliy tipai ir tarpusavio deriniai

2.3.4 paveiksle matyti jutikliy (sensoriy) rasys ir tarpusavio sgveika, kaip
juos galima derinti ir jungti [60]. Kaip pavyzdj galima pateikti neSiojamojo ir
vizualiniy jutikliy derinj: Zmogus nesioja jutiklj, skirtg fiksuoti jo judéjima
erdvéje, ir papildomai naudojamas infraraudonyjy spinduliy vizualinis
jutiklis, kuris irgi geba fiksuoti judéjima. Taip pasiekiamas geresnis tikslumas
ir patikimumas.

2.4. Dirbtinis intelektas, maSininis ir gilusis mokymasis

IS 2.4.1 paveikslo matyti, kad dirbtinis intelektas yra plati savoka,
skaidoma | pogrupius, pagal kuriuos galima praktiskai pasirinkti
tinkamiausig savo uzduodiai [63].

Gilusis mokymasis yra masininio mokymosi pogrupis, kuris naudoja
keliasluoksnius neuroninius tinklus, kad simuliuoty  kompleksinius
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DI Teorija ir vystymas

iprastai reikia Zmoniy

Magininis mokymasis.
Kompiuteriams duodama
galimybé paticms mokytis
be aiskaus programavimo

Gilus mokymasis. Gilus
mokymasis bando imituoti
7mogaus smegenis,
suteikdamas sistemoms
galimybe kaupti duomenis
ir atlikti tikslias prognozes

2.4.1 pav. Dirbtinis intelektas ir jo pogrupiai

sprendimy priémimo veiksmus kaip Zmogaus smegenys. Praktikoje
neuroniniai tinklai turi tris ir daugiau sluoksniy, kurie treniruojami dideliais
duomeny kiekiais, kad identifikuoty ar klasifikuoty konkrety fenomena,
atpazinty désningumus ar rysius, jvertinty tikimybes, atlikty spéjimus ir
sprendimus [64] (2.4.2 pav.).

Om—
Om—)
Jvedama R Gaunamas
informacija rezultatas
O—
—
[vedimo Paslépti Rezultaty
sluoksnis sluoksniai sluoksnis

2.4.2 pav. Giliojo neuroninio tinklo schema
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Giliojo neuroninio tinklo pritaikymo pavyzdys - objekto atpazinimas
nuotraukoje: fabrike ar biotechnologijy jmonéje reikia tikrinti gaminiy
kokybe, su kuo neurony tinklo algoritmas, pvz., YOLO (angl. you look only
once), gali susidoroti per itin trumpg laika.

Masininis mokymasis yra platesné sgvoka, kuri skiriama j kategorijas pagal
zmogaus jsiki§ima [65]:

zenklo nuotrauka, ir uzduotis — numatyti teisingg rezultatg arba Zenkla,

pvz., kuris kelio Zenklas yra paveikslélyje (grei¢io ribojimo, ,,Stop“ zenklas

ir pan.). Paprasciausiais atvejais atsakymai yra ,taip“ arba ,ne“ (jie
vadinami dvejetainio klasifikavimo uzdaviniais).

o Neprizitrimasis mokymasis — néra Zzymeny ar teisingy rezultaty. Uzduotis
- nustatyti duomeny struktiirg. Pavyzdziui, reikia sugrupuoti panasius
elementus j grupes arba sumazinti duomeny kiekj iki keleto svarbiy
~>matmeny“. Duomeny vizualizavimas taip pat gali bati laikomas
nepriziirimuoju mokymusi.

e Jtvirtinamasis mokymasis — dazniausiai naudojamas tais atvejais, kai DI
objektas, pvz., savivaldis automobilis, turi veikti tam tikroje aplinkoje ir
griztamoji informacija apie gerus ar blogus pasirinkimus gaunama Siek
tiek pavéluotai. Taip pat naudojamas zaidimuose, kuriy rezultatas gali buti
nulemtas tik Zaidimo pabaigoje.

Dirbtinio intelekto ateitis medicinoje
Dirbtinis intelektas (DI) - tai skaitmeniniy technologijy naudojimas

siekiant sukurti sistemas, galinc¢ias atlikti uzduotis, kurioms paprastai
reikalingas Zmogaus intelektas. Sios sistemos mokosi i§ duomeny ir pritaiko
savo veiksmams. Jrodyta, jog medicinoje DI pagerina diagnozavima, gydyma
ir pacienty prieziarg, kartu geréja ir sveikatos rezultatai. Medicinoje DI
neribotai gali buti naudojamas Siose srityse:
1. Diagnozavimas ir prognozavimas [66]:

- DI algoritmai gali analizuoti medicininius vaizdus (rentgeno, MRT

ir KT) ir aptikti anomalijas, navikus ar lazius;

- Prognoziniai modeliai gali jvertinti ligos rizikg pagal paciento

duomenis, padeda anksti atlikti medicinines procediiras.
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2. Vaisty atradimas ir plétra [67]:
- DI pagreitina vaisty atradimg, analizuodamas didelius duomeny
rinkinius ir identifikuodamas potencialius vaistus;
- Prognozuoja vaisty saveikas, Salutinius poveikius ir optimalias
dozes.

3. Individualizuotas gydymas [68]:
- DI pritaiko gydymo planus pagal individualius paciento pozymius,
genetika ir medicining istorijg;
- Optimizuoja vaisty rezimus ir siilo individualizuota gydyma.

4. Naturalios kalbos apdorojimas (angl. natural language processing, NKA)

[68]:
- NKA algoritmai i$grynina vertingg informacija i$ klinikiniy pastabuy,
moksliniy straipsniy ir paciento jrasy;
- Padeda suvesti medicinos literatiirg ir identifikuoti reikiamus
tyrimus.

5. Nuotolinis stebéjimas ir neSiojamosios technologijos [66]:
-DI pagrindu veikiancios nesiojamosios technologijos stebi paciento
bukle, aptinka anomalijas ir informuoja sveikatos specialistus;
- Nuotolinis stebéjimas pagerina paciento sveikatos rezultatus ir
mazina apsilankymy ligoninéje skaiciy.

6. Virtualieji sveikatos asistentai [69]:
- Pokalbiy robotai ir virtualieji asistentai teikia sveikatos informacija,
atsako j klausimus ir sudaro vizitus;
- Didina pacienty jsitraukimg ir paslaugy prieinamuma.

7. Genomika ir tiksliné medicina [68]:
- DI analizuoja genominius duomenis, nustato ligy jautruma ir
pritaiko gydyma;
- Padeda suderinti pacientus su klinikiniais tyrimais pagal genetinius
profilius.

Lietuvoje tiek medicinoje, tiek kitose srityse DI pasitelkiamas vis placiau,
ieSkoma naujy panaudojimo budy, atliekami moksliniai tyrimai. Nemazai
projekty kuria Vilniaus universiteto ir LSMU medikai bei mokslininkai, pvz.:
efektyvesniam $irdies ultragarsiniam tyrimui [70], histologiniy vaizdy
analizei [71], moderniai danty mikrojtrikimy diagnostikai [72], odos
onkologinio ligos melanomos diagnostikai [73], diabetinés pédos gydymui
[74] ir kt.
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Informaciniy technologijy pazanga praver¢ia mokant busimuosius
medikus. Kalbant apie sveikatos priezitra, dabar labai placiai ugdymo
procese naudojamos simuliacijos, jau ateina ir simuliacijos su DI [75-77].
Apskritai svarbu j mokymo programas jtraukti DI panaudojima ir
pritaikomuma, nes ateityje DI taps dar labiau neatsiejamas nuo darbinés
praktikos [66].

Literatiiros apzvalgos apibendrinimas

Remiantis mokslo literatiira, staigus Sirdies sustojimas uz ligoninés riby
yra aktuali sveikatos problema visame pasaulyje, deja, SSS baigtys néra geros.
Tokiais atvejais itin svarbu teikti pagalbg nuo pirmosios minuteés, o laiku
atlikti kvalifikuoti veiksmai gali padéti. Baigtis priklauso nuo viso pagalbos
teikimo proceso ir jo grandziy, kuriy kiekviena gali buti gerinama ir
tobulinama. Kad baigtis biity kuo geresné, neuztenka tiksliai diagnozuoti SSS
sukeélusig priezastj ligoninéje - jei pradzioje nebuvo atlikti tinkami veiksmai,
jvyke pokyciai yra negriztami. Todél svarbesnés tampa pirmosios pagalbos
teikimo grandys. Norint pagerinti jy veiksminguma, galima naudotis
jvairiomis $iuolaikinémis technologijomis: nuo nesiojamy jutikliy iki
dirbtinio intelekto algoritmuy.
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3. TYRIMO METODIKA

3.1. Medicininio tyrimo bioetika

Tyrimui atlikti buvo gauti biomedicininio tyrimo etikos komiteto leidimai
Nr. 2020-07-13 Nr. BE-2-70 ir 2023-03-02 Nr. BE-2-6. Tyrimo vykdymo
metu atsizvelgta j Helsinkio deklaracijoje nurodytus geros klinikinés
praktikos reikalavimus. Disertacija rengta LSMU MA Ekstremaliosios
medicinos katedroje.

3.2. Tyrimo vieta ir populiacija

Statistikos duomenimis, Lietuvoje 2018 m. gyveno 2 808 901 zmoneés, i$
kuriy 70 proc. - miestuose. Kaunas yra antrasis pagal dydj Lietuvos miestas,
kuriame 2018 m. gyveno 288 363 gyventojai, 2019 m. - 286 763 gyventojai, o
2024 m. - 304 198 gyventojai. 2024 m. sausio 1 d. duomenimis, Kauno mieste
ir rajone kartu gyveno 410 475 gyventojai [78].

V3] ,Kauno miesto greitosios medicinos pagalbos stotis“ (Kauno m.
GMPS) buvo vienintelé GMP paslaugas teikianti jstaiga mieste. GMP
dispeceriné yra jsikiirusi stoties patalpose, o dispeceriy atliekamas darbas yra
pagristas standartizuotais protokolais. 2011 m. buvo jdiegtas MPDS ProQA®
cardiac arrest (CA) protokolas, kuris skirtas teikti konkrecias instrukcijas
pagalbos kvietéjui, o dispecerio uzduotis - nuo pat pirmyjy kontakto
sekundziy vadovauti gaivinimo veiksmams iki GMP brigados atvykimo.
Kauno m. GMPS darbas yra organizuojamas dviejy tipy brigady modeliu:
visos brigados geba atlikti pradinj gaivinimg (lietuviskoje nomenklatiroje
PR, angl. BLS) ir dalis brigady geba teikti specializuota reanimacine¢ pagalba
(lietuviskoje nomenklatiroje PZ, angl. ALS). Dazniausiai pradinio gaivinimo
brigadose dirba paramedikai arba paramedikas (-¢) ir slaugytojas (-a). Ju
medicininio rinkinio turinj, be jprastiniy standartiniy priemoniy paketo,
sudaro ir automatinis iSorinis defibriliatorius (AID). PZ brigadose dirba
gydytojas (-a) ir (ar) slaugytojas (-a) ar paramedikas (-¢), igije papildomy
specializuotos reanimacinés pagalbos ziniy ir kompetencijy.

Tais atvejais, kai jtariamas staigus Sirdies sustojimas uz ligoninés
riby, dispeceris skubiai aktyvuoja artimiausig brigada, o jeigu reikia,
kartu ir specializuotos reanimacinés pagalbos brigada.

37



Pagal Lietuvos Respublikos Sveikatos apsaugos ministerijos
rekomendacijas, atliekami gaivinimo veiksmai atitinka Europos gaivinimo
tarybos (angl. ERC) gairiy rekomendacijas. Kadangi jstatyminio pagrindo
atsisakyti buati gaivinamam (angl. do-not-atempt to resuscitate, DNAR)
neturima, medikai, atsizvelgiant { medicininés etikos principus, turi gaivinti
visus, net ir tuos, kuriems tikimybé buti atgaivintiems yra labai maza, pvz.:
serga sunkiomis ligomis, terminaliniai ligoniai, kuriy gydymo galimybés jau
iSsemtos, nebent suburiamas konsiliumas, kuriame gydytojy specialisty
komanda nutaria ir dokumentuoja, jog esamo stacionarizavimo metu nebus
gaivinama [79]. Taciau konsiliumas galimas tik stacionaro sglygomis, o
pasibaigus stacionariniam etapui kitiems stacionarizavimo atvejams
sprendimas vél negalioja.

3.3. Tyrimo dalys ir tiriamieji

Tyrimas buvo suskirstytas j tris dalis.

Pirmosios tyrimo dalies tikslas — istirti iki ligoninés jvykusiy gaivinimy
apimtj 2016-2018 m. Kauno mieste ir nustatyti veiksnius, galéjusius
reik§mingai pagerinti gaivinimy baigtis iki ligoninés. Atlikta retrospektyviné
surinkty duomeny analizé.

Tiriamoji imtis — suaugusieji (vyresni nei 18 m.), kuriems tiriamuoju
laikotarpiu jvyko staigus Sirdies sustojimas ir jie buvo gaivinti greitosios
pagalbos personalo Kauno miesto teritorijoje.

Kaip matyti 3.2.1. paveiksle, analizei duomenys gauti i§ $iy Saltiniy: V§]
»Kauno miesto greitosios medicinos pagalbos stoties elektroniné duomeny
bazé, kuri apima ir dispecerine, taip pat Kauno miesto ligoniniy informacinés
sistemos bei popierinés ligos istorijos ir biudzetinés jstaigos ,Higienos
institutas“ mirciy registras. Visi duomenys surinkti pagal tarptautinj Utsteino
duomeny rinkimo ir publikavimo ruosinj. Analizei naudoti 2016-01-01
00:01-2018-12-31 23:59 laikotarpio duomenys. Tyrimas registruotas
clinicaltrials.gov duomeny bazéje: Nr.: NCT04784117, Unique Protocol ID:
LITOHCA. Brief Title: Out-of-hospital Cardiac Arrest Epidemiology and
Outcomes in Kaunas 2016-2021.
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3.2.1. pav. Duomeny analizés procesas

2014 m. GMP protokoluose patvirtinta ir pradéta naudoti 110/a forma
»Greitosios medicinos pagalbos kvietimo kortelé“, kurios pagrindiné
paskirtis - standartizuotas medicinos personalo atliekamy veiksmy
fiksavimas. IS pradziy 110/a forma pildyta rankiniu badu, véliau, kai forma
tapo elektroniné, duomeny rinkimas labai palengvéjo. Kiekvienas atliekamas
veiksmas, skiriamos priemonés ar vaistai 110/a formoje automatiskai Zymimi
atitinkamo laiko Zyma. Kauno m. GMPS savo dispecerinéje jdieg¢ MPDS
ProQA® sistema, kuri pagrista dispeceriui parengtais standartizuotais
protokolais. Standartizuoti protokolai yra dispecerio darbo kokybés
vertinimo pagrindas, kurj periodiskai atlieka vidaus audito kokybés
vadybininkas. Audito kokybés vadybininkas vertina dokumentacijos pildymo
kokybe, audituoja 3 proc. visy dispecerinés skambuciy ir 100 proc.
skambuciy, kuriy metu buvo teikiamos pagalbos teikimo instrukcijos, pvz.,
atliekantiems pradinj gaivinima, kol j jvykio vietg atvyko GMP.
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GREITOSIOS MEDICINOS PAGALBOS
5 ZINGSNIY MODELIS

sis: 4 Hingsnis: tingsnis:

5
Suteikite man gydymy Nuveikite mane | ligoning

Siuntiama BOKlés.
pagalba vertinimas

Transportavimas |

3.2.2. pav. GMP penkiy zingsniy modelio schema

Dispeceris skambintojui uzduoda klausimus apie jvykio vietg ir zmogy, dél
kurio skambinama. ]vardijamas pagrindinis nusiskundimas, dél kurio
skambinama. Jtarus, kad Zmogus nereaguoja ir nekvépuojama, iSkart
aktyvuojamas GMP ekipazas gaivinimui, paskui kurj siun¢iamas ir antrasis
ekipazas, galintis teikti pazangig reanimacine pagalba. Tuo metu dispeceris
gali nustatyti, kur yra arc¢iausias viesai prieinamas AID, kad kas nors i$ $alia
esan¢iy Zmoniy galéty ji atnesti. Cia pagelbsti ir AED ALERT mobilioji
aplikacija, skirta aktyvuoti arciausiai esancius pradinio gaivinimo apmokytus
vartotojus, kad S$ie savanoriskai padéty skambintojui atlikti pradinj
gaivinima, iki atvyks GMP ekipazas. Kol artimiausias GMP ekipazas vaziuoja,
dispeceris nurodo skambintojui paguldyti nukentéjusj asmenj nugara ant
kieto pagrindo. Tada nurodo sunertas plastakas déti ant nukentéjélio krtinés
vidurio ir pradéti kratinés lastos paspaudimus pagal dispecerio diktuojama
ritma. Kad dispeceriui buty lengviau sekti atliekamus veiksmus, asmuo, kuris
atlieka gaivinimo veiksmus, turi kartu balsu skaiciuoti kiekvieng karta, kai
padaro kratinés lastos paspaudimg. Pagalbos veiksmai tgsiami tol, kol
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atvyksta GMP ekipazas arba iSsenka gaivintojo jégos. Kokybés auditorius
audituoja visg vykdyta procesa: ar teisingai parinktas dispecerio protokolas,
ar laiku suteiktos ir ar tinkamai suteiktos veiksmy instrukcijos, vertinamas
skambintojo gebéjimas bendradarbiauti, jo emociné busena.

Kita duomeny rinkimo proceso dalis — jvertinti atliekamus veiksmus
jvykio vietoje ir pakeliui j gydymo jstaiga. Duomenims rinkti buvo pasitelktas
Utsteino protokolas. Pirmiausia naudotas 2014 m. versijos Utsteino
protokolas [80], kuris véliau buvo perzitrétas ir 2017 m. papildytas [81].
Panadiu metu kaip ir musy tyrimas buvo vykdoma EuReCa One studija,
kurios tikslas — vienu metu surinkti ir apibendrinti duomenis i§ 27 Europos
saliy. Pastebéjus, jog studijos duomeny kriterijai yra labai svarts ir naudingi
miusy atliekamam tyrimui, padiskutavus su tyréjy komanda, nuspresta Siuos
kriterijus jtraukti i tyrima. Taigi galutiniu sprendimu buvo renkami Sie
duomenys:

e GMP kvietimo jrasai;

e GMP kortelés ID;

e Data MMMM-MM-DD;

e Kvietimo laikas 24 h formatu;

e Dispecerio numeris;

e Paciento vardas, pavardé;

e Jvykio vietos adresas;

e Miestas, rajonas;

e Gimimo data;

e Amzius metais;

o Lytis;

e Dispecerio nustatyta staigi mirtis;

e Staigios mirties vieta;

e Mirtis liudininky akivaizdoje;

e Staigios mirties jvykio liudininkai;

e Pradinis gaivinimas iki GMP atvykimo (gaivino / negaivino pagal
kortele);

e Gaivintojas iki GMP atvykimo (pagal kortele);

e Gaivintojo amZius;

e Informacija apie gaivintojy skaiciy iki GMP;

e Informacija apie gaivintojy lytj iki GMP;
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AID prijungimas iki GMP;

Pirmosios defibriliacijos data;

Pirmosios defibriliacijos laikas (nevertinama, jei klinikiné mirtis
jivyko GMP mediky akivaizdoje);

Atlikty defibriliacijy skaicius;

Mirtis vietoje;

Staigios mirties priezastis;

Staigios mirties laikas, kai jvyko GMP akivaizdoje;

GMP gaivinimas;

Pirmasis pastebétas Sirdies ritmas istikus staigiai mirciai;

ST pakilimas pirmoje 12-os derivacijy EKG po gaivinimo;

Laikas nuo skambucio registravimo iki GMP atvykimo minutémis;
Laikas nuo skambucio registravimo iki pirmos defibriliacijos
minutemis;

Laikas nuo skambucio registravimo iki pirmo vaisto minutémis
(mirtis GMP akivaizdoje nevertinama);

GMP vaistai gaivinimo metu;

Vaisty skyrimo vieta;

GMP defibriliacija;

GMP kvépavimo taky palaikymas;

GMP ventiliacija;

GMP taikytas $aldymas;

Atgaivinimas (yra pulsas) jvykio vietoje (ROSC);

Vezimas j ligonine;

Paciento buklé atvykus j ligonine;

Transportavimo laikas minutémis;

Ligoniné, j kurig atveztas;

Dispecerio vadovaujamas gaivinimas;

Laikas iki instrukcijy;

Laikas iki paspaudimo (i$ naujo proQA);

Ar dispeceris nustateé staigig mirtj (pereina prie IIPA);

Ar teiké pagalbos instrukcijas;

Liudininky atliekamas gaivinimas;

Laikas, kai baigtas gaivinimas;
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e Idradytas i§ ligonineés / iSgyvenamumas iki isleidimo;

e 30 dieny iSgyvenamumas;

e ISleidimo i$ ligoninés data;

¢ 1 mety iSgyvenamumas;

e ISrasomy i$ stacionaro neurologiné buklé balais pagal CPC arba mRS;
e Koronarografija;

e Saldymas ligoninéje.

Vykdant tyrimg pastebéta, jog kartais labai tikslas atsakymai apie jvykj
buvo gaunami tik i§ GMP ekipazo.

Patirtis ir duomeny analizé padéjo sukurti ir adaptuoti iSsamig duomeny
rinkimo forma, kuri 2018 m. buvo pradéta naudoti GMP brigados darbe, o
nuo 2020 m. sukurtos formos galutinis variantas ,,Gaivinimo registravimo
forma“ naudojamas kasdienéje praktikoje (3.2.3. pav.).

Visi atgaivinti pacientai buvo vezami GMP automobiliais j skubiosios
pagalbos ar intensyviosios terapijos skyrius. Jei jvykio vietoje atgaivinti
pacienty nepavykdavo, bet paaiskédavo aplinkybiy, kad stacionarines
paslaugas teikiancioje gydymo jstaigoje bus suteiktas gydymas, kuris padéty
atkurti savaimine kraujotaka, tokie pacientai taip pat buvo transportuojami
taikant mechanines kratinés lgstos paspaudimo priemones. Kauno mieste i$
viso yra 4 skubiosios pagalbos skyriai, j kuriuos gali buti transportuojami
atgaivinti ar gaivinami pacientai. Dauguma $§iy pacienty buvo vezami j
Lietuvos sveikatos moksly universiteto ligoning Kauno klinikas.

Tyrimo pradzioje duomenys rinkti i popieriniy ligos istorijy, o nuo 2017
m. vidurio Kauno klinikoms pradéjus naudoti visiSkai elektronine ligoninés
informacine sistemg, vertinti elektroninés duomeny bazés jrasai. Kity
ligoniniy duomenys buvo renkami rankiniu budu ir jtraukti j bendra analize.

Susisiekus rastu su biudzetine jstaiga Higienos institutu buvo pristatyti
tyrimo tikslas ir uzdaviniai, protokolas ir bioetikos leidimas, kas suteikeé
galimybe patikrinti mirciy registra siekiant jvertinti vieneriy mety
isgyvenamumg. Sie duomenys suteiké mokslinio svarumo ir igskirtinumo,
nes daugiausia studijose renkami duomenys apie trisdesimties dieny
iSgyvenamuma.
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3.2.3 pav. Gaivinimo registravimo forma
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Antroji dalis buvo skirta iSanalizuoti mobiliosios aplikacijos (AED
ALERT by STAN, Paterijstraat 3A, Elburg, Gelderland 8081 TA, NL,
https://www.stanglobal.com/) pritaikomumg staigaus S$irdies sustojimo
atvejais.

Lietuvoje bandomasis projektas vyko 2019 m. birzelio mén.-2023 m.
vasario mén. Tyrimui imties tiris atskirai nebuvo skaiciuojamas, laikyta, jog
tiriamieji jtraukti atsitiktine tvarka, kuri nulemta btklés. Tyrimo laikotarpis
priklausé nuo projekto. Doktorantas surinko ir isanalizavo duomenis,
susijusius su aplikacijos panaudojimu tiriamuoju laikotarpiu. Rinkti Sie
duomenys: aktyvavimas, kvietimy priémimas, vartotojy skaicius, AID
skaicius.

Trecioji dalis skirta jvertinti dirbtinio intelekto pritaikyma gaivinimui iki
ligoninés ir sukurti bei iSbandyti dirbtinio intelekto modelj, gebantj vie$aja
erdve stebinciomis kameromis atpazinti nugriuvusj zmogy (3.2.4 pav.).
ISkelta hipotezé, jog dirbtinis intelektas (DI) galéty aktyvuoti GMP pajégas,
kai vie$ojo stebéjimo kameromis fiksuojamas nugriuves Zzmogus. Bandyta
sukurti DI model;j ir 2023 m. pavasarj Lietuvos sveikatos moksly universitete
atliktas eksperimentas. Modelis pavadintas Tireless. Tyrimui reikalingos
imties skaiciavimai grjsti plotu po ROC (angl. Received Operating
Characteristic) kreive. Darant prielaida, jog nulinés hipotezés reiksmé yra
0,75 ir numatomas plotas po kreive bent jau 0,9 nugriuvusiy zmoniy
atpazinimui su a rizika lygia 5 proc. ir p rizika lygia 20 proc., planuota jtraukti
i studija 68 atvejus.

Ivykus SSS, liudininkas turéty prieiti prie nugriuvusiojo ir patikrinti, ar $is
reaguoja ir kvépuoja. Tais atvejais, kai nugriuves asmuo nereaguoja ir
nekvépuoja, reikia kviesti GMP ir pradéti krutinés lastos paspaudimus - visi
$ie veiksmai yra svarbis gyvybei i§saugoti.

Aptarus modelio struktiirg ir atitinkamus testavimo veiksmus, LSMU MA
Ekstremaliosios medicinos katedros vieSame koridoriuje, kuris yra stebimas
vaizdo kameromis, atliktas eksperimentas. Prie$ eksperimentg uztikrinta, kad
i koridoriy nepatekty atsitiktiniai asmenys, o dalyvaus tik i anksto su eiga ir
tikslais supazindinti savanoriai, kuriy i§ viso buvo 18. Jiems pateikta
informuoto asmens sutikimo forma. Eksperimento tikslais rinkti Sie
duomenys: savanorio tgis, svoris, lytis ($iuos duomenis nurodé pats dalyvis
anketoje). Eksperimento metu savanoriams buvo paaiskinta, kad turi kuo
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tikrovi$kiau nugritti arti ir kuo toliau nuo vaizdo stebéjimo kameros. I§ viso
registruoti 69 griuvimai. Sukurtas DI modelis, kuris buvo paremtas YOLOv5
Al algoritmu (angl. You Only Look Once) — konvoliucinis giluminis dirbtiniy
neurony tinklas, kurio veikimas pagrjstas viso vaizdo apdorojimu. DI
algoritmas yra sukurtas Ultralytics (JAV) kompanijos. Jo paskirtis — objekty
atpazinimas. Modelis, atpazindamas objektus, kartu jvertina ir atpazinimo
patikimumg. Rezultatai analizuoti atsiZvelgiant j griuvimo atstuma nuo

P =

Viedasias erdves stebin¢
vaizdo kameros

kameros.

NI

oo
o7

@ Dirbtinio intelekto algoritmas g —~\
atpaZjsta nukritusj zmogy @;'
ir automatigkai siuncia
pranesima GMP dispeceriui %DQ
? ) @ D))

| jvykio vieta siun¢iamas arciausiai

Zmogus, patyres staigy esantis GMP ekipazas (PR/BLS) ir
sirdies sustojima specializuotos reanimacinés
pagalbos (PZ/ALS) GMP ekipazas

3.2.4 pav. Dirbtinio intelekto panaudojimo atpaZjstant staigy Sirdies
sustojimg patyrusj Zzmogy schema

3.4. Statistiné analizé

Tyrimo duomeny apdorojimas atliktas kompiuteriu, naudojant statistinés
duomeny analizés programa SPSS (IBM Corp. Released 2020. IBM SPSS
Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp. ir IBM Corp.
Released 2023. IBM SPSS Statistics for Windows, Version 29.0.2.0 Armonk,
NY: IBM Corp). Apskaiciuoti rezultatai pateikti lentelése ir grafikuose.

Pirmojo tyrimo kiekybiniai kintamieji, pvz.: amzius, GMP reagavimo
laikai, pateikti vidurkiais su standartiniais nuokrypiais, kvartiliais ir
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interkvartiliniu ploc¢iu (IQR). Paplitimui palyginti buvo naudojami Mano-
Vitnio U ir Vilkoksono kriterijai. Pirsono x2 kriterijus naudotas kokybiniy
kintamyjy nepriklausomumui tikrinti. Logistinés regresijos modeliai
pasitelkti nustatyti rySius tarp pacienty savybiy (amziaus, lyties), Sirdies
sustojimo (vietos, pirmojo ritmo) aplinkybiy, suteiktos pagalbos (praeiviy
atliekamas gaivinimas, defibriliacija). Kai kintamieji nebuvo skaitiniai ar
ranginiai, ar neturéjo pakankamai daug skirtingy reikSmiy, taikyta analizeé
kategoriniy kintamuyjy rySiams tirti. Pirmiausia atlikta tiesiné regresiné
analizé, tada tikrinant statistines hipotezes tarp veiksnio ir iSgyvenamumo
taikytas Valdo (Wald) kriterijus. Stratifikacija buvo atlikta staigaus $irdies
sustojimo uz ligoninés riby savybéms pritaikyti pagal amziy ir lytj.
Daugialypé logistineé regresija taikyta visiems reik§mingiems tiesinés
regresinés analizés kintamiesiems. Norint jvertinti paciento savybiy jtaka,
buvo apskaiciuotas galimybiy santykis (GS) bei jy 95 proc. pasikliautinieji
intervalai (95 proc. PI) ir p reik§més. Tais atvejais, kai p > 0,05, statistinés
iSvados laikytos nereik§mingomis.

Antrajame tyrime atliekant statistine analize, vertintas suminis aktyvacijy
skaicius, priémimy proporcija pagal sureagavusiy vartotojy skaiciy.

Treciajame tyrime atliekant statistine analize, vertintas sumodeliuotus
masininio mokymosi klasifikatorius, buvo naudojami 4 naumo vertinimo
matmenys: tikslumas (angl. accuracy), preciziSkumas (angl. precision),
atkirimas (angl. recall) ir F1 skalé. Pasirinkti net 4 tikslumo vertinimo
metodai, siekiant kuo adekvaciau jvertinti esamg situacijg. Visi metodai
aprasyti toliau, bet pirmiausia apraSoma maiSos matrica (angl. confusion
matrix), kuri yra pasitelkiama apskaic¢iuojant kiekvieng i$ $iy metriky.

Maisos matrica yra lentelé, naudojama apibreézti klasifikacijos algoritmo
nasumg. Si lentelé vizualizuoja ir apibendrina klasifikavimo algoritma.

3.2.1. lentelé Maisos matrica

Originaliai teigiami Originaliai neigiami
Teigiamai Teisingai atspéti teigiami Klaidingai atspéti teigiami
nuspéti (TP) (FP)
Neigiamai Klaidingai atspéti neigiami ~ Teisingai atspéti neigiami
nuspéti (FN) (TN)
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Tikslumas (angl. accuracy). yra bene geriausiai Zinomas masininio
mokymosi modeliy klasifikacijos tikrinimo metodas. Viena i§ populiarumo
priezas¢iy — paprastumas. Sis metodas lengvai suprantamas ir pritaikomas.
Tikslumo formulé:

Teisingy prognoziy skaiCius TP

Tikslumas = - 2 = =
Visy prognoziy skaicius TP+ FP

Vis délto tikslumas gali buti nepatikima metrika, kai grupiy pasiskirstymas
yra netolygus ir labai svarbu identifikuoti mazumos grupe. Pavyzdziui, reikia
diagnozuoti vézj ir atskirti gerybinius auglius nuo piktybiniy. Siuo atveju
negalima leisti, kad piktybiné liga likty nediagnozuota. Neatsakinga buty ir
sveikus Zmones priskirti prie serganciy ir taikyti jiems stipry gydyma. Taigi,
deél isvardyty argumenty $io naumo matmens atsisakyta.

Preciziskumas (angl. precission) gelbsti, kai neteisingo teigiamo nuspéjimo
kaina yra didelé. PreciziSkumas yra tiesiogiai proporcingas tiksliy teigiamy
prognoziy santykiui arba mazumos klasés prognoziy tikslumui. Tai reigkia,
kad nors tikslumas turi savy pranaSumy, jis neparodo bendro vaizdo.
Negalima suzinoti, kiek i§ tikryjy teigiamos grupés pavyzdziy buvo
neteisingai suklasifikuoti kaip neigiami, todél atsirado klaidingy neigiamy
rezultaty. Precizi$kumo formulé:

Numeris teisingai nuspéty teigiamy prognoziy _ TP

P 1 ziSk = =
eSS Visy teigiamai nuspéty prognoziy TP + FP

Atgaminimas (angl. recall) matuoja teisingai nuspéty teigiamy rezultaty
rodiklj, t. y. identifikuoja, kiek teigiamy atvejy buvo teisingai nustatyti.
Atgaminimas dazniausiai naudojamas, kai klaidingi neigiami rezultatai yra
nepageidaujami. Atgaminimo formulé:

Numeris teisingai nuspéty teigiamy prognoziy TP

Atgaminimas = e ; = =
Bendras teigiamy atvejy skaitius TP +FN
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F1 skalés metrika yra preciziSkumo ir atgaminimo derinys. Ji labai tinka
atvejams, kai norima palyginti du klasifikatorius. Tarkime, klasifikatoriaus A
turi aukstesnj preciziskumo balg, o klasifikatorius B aukstesnj atgaminimo
balg. Siuo atveju galima palyginti abu klasifikatorius vienodomis sglygomis. 1
laikomas geriausiu jvertinimu, 0 - blogiausiu. F1 skalés formulé:

= 2(preciziskumas X atgaminimas)

preciziSkuma + atgaminimas

mAP (angl. mean Average Precision) - suvidurkintas aptikimo tikslumas,
rodmuo, apibudinantis, kaip tiksliai vaizde aptinkamas norimas objektas.
Beje, tai dazniausiai naudojama metrika objektams atpazinti. Tai tarsi
kompromisas tarp preciziSkumo ir atgaminimo sustiprinant abiejy savybes.

Toliau buvo atliekami koreliacijos tarp nugriuvusio asmens ir atstumo iki
kameros skai¢iavimai.
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4. REZULTATAI

4.1. Gaivinimo uz ligoninés riby baigtims reik§mingi veiksniai ir
gaivinimo apimtys 2016-2018 m. laikotarpiu Kauno mieste

Tyrime analizuoti 838 staigaus Sirdies sustojimo uz ligoninés riby atvejai,
registruoti 2016-2018 metais, kai dispecerio pagalba buvo aktyvuotos
gaivinimo GMP brigados (95,8 atvejai 100 tukst. gyventojy per metus).
Atvejai analizuoti dviem pjuviais, nes taip geriausiai atspindimas sistemos
efektyvumas. Musy pasirinktas duomeny rinkimo Utsteino protokolas yra
pripazintas ir naudojamas tarptautiniu mastu [41].

4.1.1 paveiksle pateikta tyrimo struktiriné schema, i$§ kurios matyti, kad
per trejus metus gaivinti suaugusiyjy Kauno mieste buvo kviesta 3 933 kartus,
bet 78,6 proc. atvejy (n = 3 090) konstatuotas mirties faktas. Taigi tyrimo
objektu tapo 843 atvejai, deja, pradéjus analize 5 atvejus teko atmesti dél
duomeny trikumo. Nesékmingi atvejai sudaré 70,4 proc.

Tyrime analizuoty pacienty, patyrusiy SSS wuz ligoninés riby,
charakteristika: amziaus mediana - 71 (IQR 58-81) metai, i$ jy 66,7 proc.
buvo vyrai. 73,8 proc. SSS atvejy jvyko namuose, 59,3 proc. - kito asmens
akivaizdoje, net pusé jy (54,5 proc.) buvo skubiai gaivinti Salia esanciy
zmoniy. 78,8 proc. visy atvejy buvo numanoma medicininé priezastis, todél
taikyti skubiis pagalbos teikimo veiksmai. Vienu atveju iki GMP atvykimo
buvo atlikta defibriliacija. 27,6 proc. atvejy pirmasis Sirdies ritmas buvo
defibriliuojamas, o 68,5 proc. atvejy — nedefibriliuojamas (4.1.1 lentelé).
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Kyi N "'_(l
mirties faktas)

N=3933 (100%) N=3090 (78.6%)

Gaivi EksKliuduoti jai gél.

duomeny trikumo,
N=843 (21.4%) N=5 (0.6%)
Analizuoti atvejai Nesekmingi atvejai
N=838 (21.3%) N=590 (70.4%)
o
N=239 (28.5%)
l
Vezti j ligani
N=249 (29.7%)
l

kraujotaka. ligoninés

N=238 (28.4%) N=146 (61.3%)

ligoning

N=92 (10.9%)

1 mety iSgyvenamumas
N=58 (6.9%)

4.1.1 pav. GMP kvietimai, kai buvo gaivinama, 2016-2018 m.
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4.1.1 lentelé. Staigaus Sirdies sustojimo uz ligoninés riby pacienty
charakteristikos (n= 838)

Veiksnys Charakteristika Atvejai Utsteino grupé
838 (100 proc.) 138 (16,5 proc.)

Daznis 100,000 gyventojy 95,4 15,7

per metus
Dispecerio Taip 419 (50,0 proc.) 81 (58,7 proc.)
atpazintas staigus  Ne 103 (12,3 proc.) 11 (8,0 proc.)
$§irdies sustojimas ~ Buvo gyvi 157 (18,7 proc.) 13 (9,4 proc.)

)

Dispecerio
vadovaujamas
gaivinimas

Amzius

Lytis

Vieta

Etiologija

Liudininkai

Liudininky atliktas
gaivinimas

Traksta duomeny

Taip

Ne

Buvo gyvi
Traksta duomeny

Mediana
Min.-maks.
Traksta duomeny

Vyras
Moteris

Namai

Slaugos namai/medicinos

jstaiga
Vie$a vieta
Traksta duomeny

Liga/sirdiné priezastis

Praeivis

GMP

Be liudininky
Traksta duomeny

Taip

Ne

Buvo gyvi
Traksta duomeny

159 (19,0 proc.

374 (44,6 proc.)
146 (17,4 proc.)
155 (18,5 proc.)
163 (19,5 proc.)

71 m. (IQR, 58-81)
18-99
2 (0,2 proc.)

559 (66,7 proc.)
279 (33,3 proc.)

607 (73,8 proc.)
43 (5,2 proc.)

173 (21,0 proc.)
15 (1,8 proc.)

660 (78,8 proc.)

497 (59,3 proc.
100 (11,9 proc.
103 (12,3 proc.
138 (16,5 proc.

N NN

457 (54,5 proc.)
194 (23,2 proc.)
168 (20,0 proc.)
19 (2,3 proc.)

33 (23,9 proc.)

73 (52,9 proc.)
19 (13,8 proc.)
13 (9,4 proc.)

33 (23,9 proc.)

70,5 (IQR 59-77)
33-91
0 (0,0 proc.)

112 (81,2 proc.)
26 (18,8 proc.)

88 (63,8 proc.)
6 (4,3 proc.)

44 (31,9 proc.)
0 (0,0 proc.)

138 (100 proc.)

138 (100 proc.)

109 (79,0 proc.)
23 (16,7 proc.)
6 (4,3 proc.)

0 (0,0 proc.)
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4.1.1 lentelés tesinys

Veiksnys Charakteristikos Atvejai Utstein grupé
Pirmas registruotas SV/ST be pulso 231 (27,5 proc.) 138 (100 proc.)
Sirdies ritmas EMD/asistolija 576 (68,5 proc.)

GMP defibriliacija

Adrenalinas

Transportuoti j
ligonine

Koronarografija

Okliuduoty
koronariniy arterijy
skaicius

Tiksliné
temperaturos
kontrolé

Truksta duomeny

Taip
Ne

Taip
Ne

Taip

Specializuotas centras
Nespecializuotas centras

Taip

(=}

[SSIEN )

Truksta duomeny

Atlikta

Indikuotina, bet neatlikta

Neindikuotina
Truksta duomeny

32 (3,8 proc.)

231 (27,6 proc.)
607 (72,4 proc.)

760 (90,7 proc.)
78 (9,3 proc.)

249 (29,7 proc.)
216 (86,7 proc.)
33 (13,3 proc.)

97 (40,8 proc.)*

14 (14,7 proc.
23 (24,2 proc.
19 (20,0 proc.
39 (41,1 proc.
2 (2,1 proc.)

o o

5 (2,1 proc.)*
152 (63,9 proc.)*
39 (16,4 proc.)*
42 (17,6 proc.)*

138 (100 proc.)

113 (81,9 proc.)
25 (18,1 proc.)

78 (56,5 proc.)
78 (56,5 proc.)
0 (0 proc.)

59 (59,0 proc.)**

8 (13,6 proc.)
16 (27,1 proc.)
13 (22,0 proc.)
22 (37,3 proc.)
0 (0 proc.)

1 (1,3 proc.)**
52 (69,0 proc.)**
18 (24,0 proc.)**
4 (5,3 proc.)**

*Procentai skai¢iuoti nuo visy pacienty, paguldyty i ligonine (n = 238);
** procentai skaiciuoti nuo Utsteino pogrupio pacienty, paguldyty j ligonine (n = 75).
EMD - elektromechaniné disociacija; GMP - greitoji medicinos pagalba; SV / ST -

skilveliy virpéjimas / skilveliné tachikardija.

I$ visy skambuciy, kviecianc¢iy GMP, padedant dispeceriui 50,0 proc.
atvejy jtartas SSS uz ligoninés riby, gaivinimo instrukcijos telefonu suteiktos

44,6 proc. atvejy.



Tiriant ir vertinant tokias bukles kaip staigi mirtis, batina isanalizuoti
visy gaivinimo proceso veiksmy laikg. GMP reagavimo laiko mediana nuo
aktyvavimo iki paciento - apie 10 min., nuo i$vykimo iki defibriliacijos — apie
11 min., o nuo i$vykimo iki pirmojo vaisto suleidimo - 15 min. Visi
reik§mingi laikai analizuojant procesa pateikti 4.1.2 lenteléje.

4.1.2. lentelé. GMP laikas nuo aktyvavimo iki jvykio vietos, iki paciento ir
defibriliacijos

Laikas (min) Atvejai Utsteino grupé

n Mediana n Mediana

(IQR) (IQR)

Nuo i§vykim0 iki ivykio vietos 738 9 (7-11) 132 8(7-10)
Nuo i$vykimo iki paciento 681 10 (8-12) 132 9(8-11)
Nuo i§vykim0 iki deﬁbriliacijos 242 11 (9-14) 133 11 (9-13)
Nuo i$vykimo iki adrenalino 660 15 (12-18) 111 15(12-17)
Nuo jvykio vietos iki ligoninés 248 6 (5-9) 78 6,5 (5-9)

Pacienty baig¢iy duomenys pagal Utsteino protokolg viso tyrimo
laikotarpio ir atskirai kiekvieny mety pateiktos 4.1.3 lenteléje. Visais metais
absoliutusis atvejy skai¢ius buvo panaSus. 28,4 proc. visy atvejy po SSS
savaiminé kraujotaka sékmingai atkurta ir palaikyta iki ligoninés. Iki
iSradymo i$ ligoninés i§gyveno bendroje atvejy grupéje 10,9 proc. pacienty (n
= 92), Utsteino grupéje — 47,1 proc. (n = 65); iki vieneriy mety Utsteino
grupéje isgyveno 27,5 proc. pacienty (n= 38), bendroje - 6,9 proc. (n = 58).
Bendroje grupéje maziausiai pacienty isgyveno, kai Sirdies ritmas buvo
nedefibriliuojamas ir SSS jvyko liudininky akivaizdoje (jvykusieji GMP
akivaizdoje atmesti) - iki isleidimo i$ ligoninés tik 2,2 proc. (n = 7), vienerius
metus - 0,9 proc. (n = 3).
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4.1.3 lentelé. Pacienty baigtys pagal Utsteino protokolg (n= 838)

Savaiminé kraujotaka

I$gyveno iki iSrasymo i$

I$gyveno vienerius

sugrizo (ROSC) iki ligoninés metus
Pacienty baigtys ligoninés

Taip Ne Taip Ne Taip Ne

N (proc.) N (proc.) N (proc.) N (proc.) N (proc.) N (proc.)
Visi GMP gaivinimo atvejai
2016-2018 n=838 238 (28,4) 600 (71,6)  92(10,9) 746 (89,0) 58 (6,9) 780 (93,1)
2016 n=312 84(26,9) 228(73,1)  27(8,7) 285(91,3) 12 (3,8) 300 (96,2)
2017 n=281 79 (28,1) 202 (71,9)  34(12,1) 247 (87,9) 22(7,8) 259 (92,2)
2018 n=245 75(30,6) 170 (69,4)  31(12,7) 214 (87,3) 24(9,8) 221 (90,2)
Defibriliuojami liudininky akivaizdoje
(GMP akivaizdoje atmesti)
2016-2018 n=138 75 (54,3) 63 (45,7) 65 (47,1) 73 (52,9) 38(27,5) 100 (72,5)
2016 n=42 21(50) 21 (50) 13(31) 29 (69) 9(21,4) 33 (78,6)
2017 n=49 27 (55,1) 22 (44,9) 26 (53,1) 23 (46,9) 11 (22,4) 38 (77.6)
2018 n=47 27 (57,4) 19 (40,4) 26 (55,3) 21 (44,7) 18 (38,3) 29 (61,7)
Defibriliuojami /liudininky gaivinti
(GMP akivaizdoje atmesti) N=165
2016-2018 83 (50,3) 82 (49,7) 56 (33,9) 109 (66,1) 38 (23,0) 127 (77)
2016 n=58 23(39,7) 35 (60,3) 14 (24,1) 44 (75,9) 5(8,6) 53 (9L,4)
2017 n=50 28 (56,0) 22 (44) 18 (36) 32 (64) 12 (24,0) 38 (76)
2018 n=57 32(56,1) 25 (43,9) 24 (42,1) 33 (57,9) 21(36,8) 36 (63,2)
Nedefibriliuojami liudininky
akivaizdoje (GMP akivaizdoje atmesti)
2016-2018 n=318 61(19,2) 257(80,8)  7(22) 311 (97.8) 3(0,9)  315(99,1)
2016 n=108 23(21,3) 85 (78,7) 2(1,9) 106 (98,1) 0(0,0) 108 (100)
2017 n=132 23(17,4) 109 (82,6) 5(3,8)  127(9672) 3(2,3) 129(97,7)
2018 n=78 15(19,2) 62 (79,5) 0(0,0) 78 (100) 0(0,0) 78 (100)
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ISanalizavus duomenis nustatyta, kad nedefibriliuojamas $irdies ritmas
buvo statisti$kai reik§mingai daznesnis - 68,5 proc. atvejy (n = 576), lyginant
su defibriliuojamu - 27,5 proc. atvejy (n = 231). Atlikus daugialype statisting
analize (GS - 14,55; 95 proc. PI 7,35-28,82) gautas statistiskai reik§mingas
rezultatas.

Daugialypé statistiné analizé atskleidé, kad statistiSkai reik$mingi
iSgyvenamumo veiksniai yra <10 min. (<600 sek.) laiko intervalas nuo
skambucio priémimo iki atvykimo pas pacienta (GS - 2,18; 95 proc. PI 1,19-
4,01) ir paciento amzius <80 mety (GS - 2,96; 95 proc. PI 1,18-7,41).

Mirtis istikusi liudininky akivaizdoje (GS - 1,95; 95 proc. PI 0,97-3,64) ir
vyriskoji lytis (GS - 1,44; 95 proc. P10,70-2,97) nebuvo statistiskai reik§mingi
veiksniai (4.1.4 lentelé).

Taigi, atliktas tyrimas leido jzvelgti net penkis veiksnius, reik§mingai
susijusius su geresniu iSgyvenamumu:

1. Registruotas pirmasis $irdies ritmas yra laiku defibriliuojamas;

2. Laikas nuo skambucio priémimo iki atvykimo pas pacientg -
maziau nei 10 min.;

3. Sirdies sustojimas jvyko 3alia esant liudininky, kurie yra orientuoti
ir geba atlikti pirmuosius svarbius veiksmus staiga sustojus
$irdziai;

. Amzius - iki 80 mety;

5. Vyriskoji Iytis.

4.1.4 lentelé. Isgyvenamumas iki iSrasymo i$ ligoninés visais staigaus Sirdies
sustojimo uz ligoninés riby atvejais, kai GMP atliko gaivinimg (daugialypé
statistiné analizé)

Kintamasis GS 95 proc. PI p
Vyriskoji lytis 1,44 0,70-2,97 0,325
Amzius <80 2,96 1,18-7,41 0,020
Defibriliuojamas ritmas 14,55 7,35-28,82 <0,001
Mirtis liudininky akivaizdoje 1,95 0,97-3,64 0,063
GMP atvykimas per <10 min. 2,18 1,19-4,01 0,012

GS ir 95 proc. PI i§ logistinés regresijos. Regresija kontroliuota pagal lytj.
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4.2. Bandomojo pagalbos teikéjy tinklo veiklos rezultatai

| ivykio vieta siunciamas arciausiai
esantis GMP ekipaZzas (PR/BLS) ir specializuotos
reanimacinés pagalbos ( PZ/ALS GMP ekipazas

E

Arciausiai esantys D D
‘ pagalbos teikéjai
7 patvirtina mobiliojoje
aplikacijoje, kad
nuvyks j jvykio vieta 37

@ 0 = 9

chagug patyrg%staigq Pradinis gaivinimas ir defibriliacija atliekami Pazangi reanimaciné pagalba
Sirdies sustojima gerokai ankéiau nei atvyksta profesionali pagalba

GMP dispeceris aktyvuoja
pajégas ir teikia gaivinimo
veiksmy instrukcijas

4.2.1 pav. Pagalbos teikéjy tinklo schema

Tyrimo metu visoje Lietuvoje veiké bandomasis pagalbos teikéjy tinklas,
kurio vartotojai buvo gaivinimo mokymus baige visuomenés nariai, i§ viso —
5 693. Jie SMS zinute ar per mobiligja aplikacija AED ALERT i$ dispecerio
gauna tikslig informacija, kur jvyko Sirdies sustojimas. Vieni jy siunc¢iami
tiesiai prie nukentéjélio, kiti - atnedti artimiausig AID. Sis bandomasis
projektas vykdytas nuo 2019 m. birzelio mén. iki 2023 m. vasario mén.
Projekto metu buvo registruoti 13 929 jvykiai (4.2.2 lentelé).

4.2.2 lentelé. Bandomojo AED ALERT mobiliosios aplikacijos projekto
Lietuvoje apZvalga

Periodas 2019 birzelis-2023 vasaris
Vartotojy skaicius 5693

AID skaicius 214

Ivykiy skaicius 13929
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4.2.3 pav. Bandomojo tyrimo programélés aktyvavimas 2019-2023 m.

pagal ménesius

Per bandomajj laikotarpj gauti duomenys buvo sugrupuoti. 4.2.3 paveiksle

pateikti susumuoti programélés aktyvavimo skaiciai pagal ménesius ir metus,
0 4.2.4 lenteléje - pagal kvietimo priémimo skaicius.

I§ 4.2.3 grafiko matyti tam tikros sezoni$kumo tendencijos, kai per tam
tikrg ménesj aktyvavimo skaicius vir$ija 400 karty. Bent 1 kvietimas buvo
priimtas 18,08 proc. atvejy (4.2.4 lentelé).

4.2.4 lentelé. Kvietimo priémimo daZnumas

Priémimas 2019 2020 2021 2022 2023 ISviso Proc.

0 135 3432 4078 3221 544 11 410 81,92 proc.
1 344 552 640 258 19 1813 13,02 proc.
2 248 158 56 8 470 3,37 proc.
3 138 12 5 155 1,11 proc.
4 45 2 47 0,34 proc.
5 31 3 34 0,24 proc.
Ivykiai 941 4159 4779 3487 563 13929 100 proc.
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4.3. Dirbtinio intelekto pritaikomumas atpazinti staigy Sirdies
sustojima

Analizuojant DI pritaikomumg atpazinti SSS, vertinami keturi svarbiausi
parametrai:
1. PreciziSkumas (angl. precission). PreciziSkumas yra tiesiogiai
proporcingas tiksliy teigiamy prognoziy santykiui arba mazumos klasés
prognoziy tikslumui. Apskaic¢iuotas pagal formule TP / (TP + FP), gautas
rezultatas — 0,968.
2. Atgaminimas (angl. recall). Atgaminimas matuoja teisingai nuspéty
teigiamy rezultaty rodiklj, t. y. identifikuoja, kiek teigiamy atvejy buvo
teisingai nustatyti. Apskaic¢iuotas pagal formule TP / (TP+FN), gautas
rezultatas — 0,95, o tai reiskia, kad musy sukurtas modelis atpazino 95 proc.
nugriuvusiy Zmoniy.
3. F1 skalé. F1skalés metrika yra precizis$kumo ir atgaminimo derinys. Jilabai
tinka tais atvejais, kai norima palyginti du klasifikatorius. Apskai¢iuotas pagal
formule 2*(Prec*Rec) / (Prec + Rec), gautas rezultatas — 0,958.
4. mAP (angl. mean Average Precision) - suvidurkintas aptikimo
tikslumas, rodmuo, apibudinantis, kaip tiksliai vaizde aptinkamas norimas
objektas. Misy modelyje jis yra 0,978.

follen_person 0.92

4.3.1 pav. Dirbtinio intelekto Tireless modelio veikimas (vaizdas is
vykdyto eksperimento)
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Atlikus detalesne duomeny analize rySiui tarp atstumo nuo kameros ir

objekto atpazinimo tikslumo nustatyti, i$siaiskinta, kad kuo arc¢iau kameros

yra objektas, tuo geriau modelis atpazjsta nugriuvusj zmogy (4.3.2 pav.).

Jautrumas

° ‘:’ *

00 S0 1000 1500 2000 2500

Atstumas nuo vaizdo kameros iki savanorio, m

4.3.2 pav. Dirbtinio intelekto algoritmo preciziskumo priklausomybé nuo
atstumo iki kameros
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5. REZULTATU APTARIMAS

Sis tyrimas yra pirmasis staigaus Sirdies sustojimo uz ligoninés riby
tyrimas Lietuvoje, vykdytas Lietuvos sveikatos moksly universitete trejy mety
laikotarpiu. Analizei naudotas Utsteino protokolas leido geriau palyginti
esamg sistema su kitomis. Nustatytas bendrasis iSgyvenamumas iki irasymo
i$ ligoninés yra 10,9 proc., o Utsteino lyginamosios grupés - siekia 47,1 proc.

Misy nuomome, gauti rezultatai yra geresni nei EuReCA TWO tyrime,
kuriame bendras iSgyvenamumas isradant i§ ligonineés sieké 8 proc., o
Utsteino lyginamosios grupés 31 proc. [2]. Cardiac Arrest Registry to Enhance
Survival (CARES) registro 2017 m. ataskaitoje bendras iSgyvenamumas iki
iSraSymo i$ ligoninés sieké 10,4 proc., o Utsteino lyginamosios grupés - 32,6
proc. [82]. Bendras vieneriy mety i§gyvenamumas musy tyrime sieké 6,9
proc., o Utsteino grupéje — 27,5 proc.

Utsteino lyginamosios grupés iSgyvenusieji sudaré 65,5 proc. i§ visy
iSgyvenusiy vienerius metus. Nesenai publikuotos staigaus $irdies sustojimo
uz ligoninés riby metanalizés, kurioje analizuota 141 studija, duomenimis,
vieneriy mety iS§gyvenamumas buvo 7,7 proc. [2].

GMP dél staigaus Sirdies sustojimo uz ligoninés riby daznumas Kaune
buvo 95,8 atvejo 100 tikst. gyventojy per metus, t. y. gerokai didesnis nei
EuReCa TWO studijoje (56 atvejai 100 tukst. gyventojy per metus) [2],
CARES studijoje (74,3 atvejo 100 tukst. gyventojy per metus) [82], AusROC
Epistry registre (47,6 atvejo 100 tikst. gyventojy per metus) 2015 m. [83].
Pastebéta, kad jis pranoko ir Siaurés Europos $aliy (Danijos [9], Suomijos
(84), Svedijos [11], Norvegijos [85]), taip pat kaimyninés Lenkijos [13]
duomenis.

Musy tyrimo duomenimis, atvejai, kai gaivinimg pradéjo ar tesé GMP
personalas, sudaré 21,4 proc., lyginant su 62,6 proc. EuReCa TWO studijoje
[2].

Dél jvairiy migracijos ypatumy bendra Kauno m. populiacija, kuriai teikia
pagalbg VS , Kauno miesto greitosios medicinos pagalbos stotis“, sumazéjo
nuo 0,36 mln. 2007 metais iki 0,29 mln. 2017 metais, taciau GMP atvejy
skaicius, kai taikytas gaivinimas dél staigaus Sirdies sustojimo, padidéjo
penkis kartus: nuo 19,96 atvejo 100 tikst. gyventojy 2007 metais [86] iki 97,4
atvejo 100 tikst. gyventojy 2017 metais.
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Vertinant Zzmogaus gyvybe ir vadovaujant dispeceriui, GMP atliekami
gaivinimai pradedami vis didesniam skaiciui pacienty, net ir tokiais atvejais,
kurie anks¢iau buvo laikomi neperspektyviais. Reikia manyti, kad $i prielaida
yra teisinga.

2007 m. studijos duomenimis [86], remiantis apskai¢iuotu santykiu tarp
atlikty gaivinimy skaiciaus ir atvejy, kai pirmasis nustatytas ritmas
defibriliuojamas, skaiciaus, buvo 43 gaivinimai 100 takst. gyventojy per
metus, o skilveliy virpéjimo / skilvelinés tachikardijos be pulso - 48 proc.
atveju.

Misy tyrime pirmasis registruotas defibriliuojamas ritmas buvo 27,5 proc.
atvejy. Lietuvoje bandymo gaivinti daznumas yra didesnis, nes néra
atsisakymo biuti gaivinamam (angl. do-not-atempt to resuscitate, DNAR). PR
komandos turi pradéti gaivinti visais atvejais, i§skyrus tuos, kai yra matomi
akivaizdis mirties poZymiai: pomirtinis sastingis (rigor mortis), su gyvybe
nesuderinami suzalojimai. Pastebéta, kad $eimos nariai ar praeiviai visada
tikisi, kad bus atliekami profesionaliis gaivinimo veiksmai, net jeigu
tikimybés, kad jie bus sékmingi, néra.

Miusy tyrimo duomenimis, pradinj gaivinimg iki GMP atvykimo praeiviai
atliko 54,5 proc. atvejy. Panasis ir EuReCa TWO studijos duomenys (58
proc.) [2], bet skai¢ius mazesnis nei kitose $iaurés Europos Salyse, kaip antai:
Norvegijoje siekia 80 proc. [85], Danijoje — 80,6 proc. [87], Svedijoje — 68,2
proc.

Mazesnis praeiviy jsitraukimas ir gaivinimo veiksmy taikymas galimai
susijes su stoka nacionaliniy iniciatyvy, pilie¢iy mokymo, kurie gebéty
pritaikyti i$moktus jgudzius visuomenéje. Lietuvoje néra ir privalomojo
pradinio gaivinimo mokymy mokyklose, nacionalinés automatiniy iSoriniy
defibriliatoriy diegimo programos.

Pirmosios pagalbos teikéjy programélés AED ALERT ir tinklo diegimo
darbai pradéti tik 2019 m. ir tik Kauno regione. 2016 m. Kauno vieSose vietose
buvo tik 5 AID, sujungti su V3] ,,Kauno miesto greitosios medicinos pagalbos
stotimi®. AID tinklas Kauno m. pradétas plésti tik 2018 metais. Spétina, kad
tai paaiskina, kodél tyrimo laikotarpiu iki GMP atvykimo sékmingai
defibriliuotas tik vienas zmogus.

Musy tyrime issiaiskinti penki veiksniai, susij¢ su geresniu i§gyvenamumu
iki iSraSymo i§ ligoninés, i§ kuriy trys buvo statistiskai reikSmingi
daugialypiame modelyje: defibriliuojamas ritmas, amzius <80 mety ir GMP
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atvykimo laikas <10 min. (4.1.4 lentel¢). Panasius veiksnius savo tyrimuose
mini ir dar keli tyréjai [88, 89].

Dvylika staigaus Sirdies sustojimo uz ligoninés riby studijy apimantis
tyrimas jrodé, jog svarbiausias veiksnys yra pirmasis registruotas
defibriliuojamas ritmas, kuris ir lemia geresnj i§gyvenamuma iki iSragymo i$
ligoninés, o vyresnis amzius ir ilgesnis laikas iki GMP atvykimo susije su
blogesne baigtimi. Nekyla abejoniy, kad viesa vieta, jvykis liudininky
akivaizdoje, liudininko atlikta defibriliacija gerokai padidina tikimybe
iSgyventi [88]. Al-Dury su bendr. [89] nustaté, jog svarbiausias iSgyvenimo
prognozinis veiksnys yra pirmasis registruotas ritmas, toliau eina amzius,
laikas, kada pradétas gaivinimas, GMP reagavimo laikai ir jvykio vieta.

Musy tyrimas atskleidé keleta sisteminiy pagalbos staigaus Sirdies
sustojimo uz ligoninés riby atvejais trakumy. Pas mus tiksliné temperattiros
kontrolé ligoninéje buvo taikoma tik 2,6 proc. pacienty, o CARES studijos
duomenimis, - 45,5 proc. pacienty [82]. Gydymo jstaigose, kur yra galimybe
bet kuriuo metu atlikti PVAI, nebuvo taikomas standartizuotas gydymo po
gaivinimo protokolas (kurio dalis yra tiksliné temperatiros kontrole).
Kadangi pacienty neurologinés baigtys idrasant i$ ligoninés po SSS, jvykusio
uz ligoninés riby, néra vertinamos, nebuvo galimybés uzpildyti Utsteino
protokolo dalies su CPC ar mRS skalémis. Darytina prielaida, jog i
reabilitacijg i§siysty pacienty (48,9 proc.) neurologiné buklé buvo geresné, o
i slaugos jstaigas (12 proc.) — blogesné (pvz., komos biisena).

Musy tyrime pasitaiké tam tikry nesklandumy, kurie trikdé suplanuotus
darbus, pvz., dél techniniy kliti¢iy stigo duomeny dispeceriy pokalbiy
jraduose nuo 2018 m. geguzés iki gruodzio ménesio. Sis tyrimas - tai atspirties
tagkas ateities tyrimams, analizuojant procesus, veiksmus staigaus Sirdies
sustojimo uz ligoninés riby atvejais.

Atliekant tyrimg pastebéta, kad bandomasis pagalbos teikéjy tinklas
neabejotinai yra reikalingas ir naudingas gerinant baigtis po staigaus Sirdies
sustojimo. Panagaus tyrimo duomenimis, pagalbos teikéjai defibriliacija AID
atliko 16 proc. visy patyrusiyjy SSS, o defibriliacijos, atliekamos GMP
personalo, poreikis sumazéjo nuo 73 proc. iki 39 proc., laiko mediana nuo
skambucio iki defibriliacijos sumazéjo apytiksliai 2,5 minutémis - nuo 11,7
iki 9,3 min. I§ viso minimame tyrime dalyvavo 5 735 apmokyti savanoriai,
buvo 785 AID stotelés [90].
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Aptariant treciosios tyrimo dalies rezultatus, pirmiausia reikia pasakyti,
kad nugriuvimo atpazinimo sistemos gali buti skiriamos j dvi kategorijas:
atpazinimas, kuris jvyksta pasitelkus nesiojamuosius (angl. wearables)
prietaisus, ir atpazinimas vaizdo filmavimo kameromis [91]. Taikant
nesiojamaisiais prietaisais grista griuvimo atpazinimo sistema, Zmogus turi
uzsidéti ar prisisegti prie ruby elektroninius jutiklius, kurie registruoja
jvairius parametrus [92] arba trikrypcius akselerometrus, registruojancius
judéjimo kryptj [93]. Kai kurie i$ jy gali turéti integruotg pagalbos kvietimo
mygtuka. Deja, $ie jutikliai turi ir trikumuy: reikia energijos $altinio, juos
reikia neSioti atliekant kasdienine veiklg, nejmanoma paspausti pagalbos
mygtuko staiga netekus samonés. Nepaisant trikumy, nesiojamosios
griuvimo atpaZinimo sistemos yra komerci$kai prieinamos ir naudojamos
vyresnio amzZiaus Zzmoniy griuvimui nustatyti.

Vaizdo atpazinimo sistemos veikianc¢ios vaizdo filmavimo kamery
principu [94] yra naujas sprendimas, nereikalingas interakcijos, prietaisy
nesiojimo. Sio tipo sistemos gali stebéti bei fiksuoti ne tik jvairias veiklas, bet
ir registruoti griuvimus ar siysti vaizda vertinimui.

Literatiros duomenimis, laiko, per kurj dispeceris atpaZjsta SSS, mediana
yra 60 sek. [54]. Manytina, kad DI SSS atpaZinti galéty daug grei¢iau, o tai
labai pagerinty pacienty neurologines baigtis [95].

Tyrimo metu buvo siekiama jvertinti naujo DI modelio, grindziamo
vaizdy i§ viedojo stebéjimo kamery analize, jtaka GMP aktyvavimui, kai SSS
iStinka Salia nesant liudininko. Nors sveikatos sistemos virtualiy asistenty
nauda yra tirta, taciau Sioje srityje analogy nepavyko rasti, juolab palyginti
efektyvuma.

Literatiiros duomenimis, technologijy jvairove bandoma diegti j gyvybés
grandine, jskaitant baigCiy prognozavima [96, 97], prevencijg ir greita
atpazinimg [98]. Bandoma kurti sistemas, kurios padéty kuo anksc¢iau pradéti
gaivinimo veiksmg ir defibriliacijg [99], netgi prognozuoti gaivinimo sékme.

Nerimg kelia tai, jog neseniai pasibaigusi pasauliné Covid-19 pandemija
lémé sumazéjusj praeiviy norg patikrinti ir jvertinti nugriuvusio zmogaus
gyvybines funkcijas, laiku pradéti kratinés lastos paspaudimus ir naudoti
automatinj iSorinj defibriliatoriy. Si tendencija isryskéjo atlikus apklausg 26
Salyse, apklausti 1 300 respondentai [100]. Tai dar kartg jrodo, jog reikalingi
inovatyviis ir efektyviis jrankiai, kurie padéty kuo anks¢iau atpazinti SSS ir
aktyvuoti GMP pajégas.
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Sveikatos prieziiroje vis svarbesnés tampa autonominés stebésenos
sistemos. Deja, jos turi ir trikumy, kaip antai saugumo ir privatumo
uztikrinimas. Visi uzregistruoti duomenys yra jautrais saugumo ir kritiskai
svarbiis privatumo atzvilgiu, todél reikia imtis skubiy priemoniy prevenciskai
reaguojant ir apsaugant nuo kibernetiniy ataky. Masy nuomone, privatumas
turéty buti prioritetas diegiant autonomines sveikatos stebéjimo sistemas.

Stebimo asmens paZeidZiamumas priklauso nuo naudojamy jutikliy.
Pavyzdziui, vaizdo kameromis vykdomas stebéjimas gali labiau veikti
Zzmogaus privatuma nei prie ruby tvirtinami akselerometrai. Visi asmens
sveikatos duomenys yra jautris, todél saugumas ir asmens privatumas turi
islikti prioritetiniu uzdaviniu, tikslui pasiekti tikslinga diegti saugumo
protokolus.

DI algoritmo panaudojimas vaizdo stebéjimo kamerose nugriuvimui dél
SSS atpazinti buvo bandomasis eksperimentas, o pats modelis dar tebéra
kuriamas. Gauti rezultatai yra daug Zadantys, todél Tireless modelj reikia
toliau tobulinti ir treniruoti, atlikti bandymus su didesniu atvejy skaiciumi.
Svarbu atkreipti démesj j tai, jog musy tyrimas labiau telkési j DI modelio
naudojimg, o ne palyginima su kitomis sistemomis. Ir galiausiai, geriausiai
pritaikomumas ir rezultatai vertinant efektyvuma realiomis salygomis
atsispindéty apdorojant tikry jvykiy vaizdo jrasus.
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ISVADOS

Trejy mety laikotarpiu gaivinti GMP brigados kviestos 3 933 kartus: net
21,4 proc. atvejo taikytas gaivinimas, 28,5 proc. atvejo jvykio vietoje
atkurta kraujotaka, i§ hospitalizuoty pacienty 10,9 proc. i§rasyti gyvi i$
ligoninés, o vienerius metus idgyveno 6,9 proc.

GMP dispeceriui padedant laiku atpazinti staigy Sirdies sustojimag uz
ligoninés riby, trumpéja laikas iki defibriliacijos bei pirmojo vaisto
suleidimo, didéja savaiminés kraujotakos atkirimo tikimybé jvykio
vietoje, tikétina palankesné baigtis bei geresnis vieneriy mety
iSgyvenamumas. Su geresniu iSgyvenamumu reik§mingai susije¢ penki
veiksniai: laikas nuo skambucio priémimo iki atvykimo - maziau nei 10
min., staigus Sirdies sustojimas jvyko liudininky, kurie yra orientuoti ir
geba atlikti pirmuosius pagalbos veiksmus, akivaizdoje, pirmasis Sirdies
ritmas defibriliuojamas, paciento amzius - maziau nei 80 mety ir

vyriskoji lytis.

Apmokyti pirmosios pagalbos teikéjai bandomojo tyrimo laikotarpiu per
mobiligja aplikacijs AED ALERT buvo aktyvuoti 13 929 kartus.
Aktyvavimo poreikio tendencijos trejy mety laikotarpiu skyrési
priklausomai nuo mety laiko; visu stebéjimo laikotarpiu spalio-sausio
ménesiais buvo daugiau nei 400 kvietimy per ménesj.

Sukurtas eksperimentinis dirbtinio intelekto modelis (pvz., Tireless),
galintis vie$gjg erdve stebinciomis vaizdo kameromis eksperimento
salygomis atpazinti staiga nugriuvusj Zzmogy; sukurtas algoritmas padeda
atpazinti daugiau kaip 95 proc. nugriuvusiy Zmoniy 20 metry atstumu
nuo vaizdo kameros, aptikimo tikslumas modelyje - 0,978.
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PRAKTINES REKOMENDACIJOS

Sukurti nacionaling daugiamete strategija, apimancia visuomenés nariy
$vietimg, kaip atpazinti staigaus Sirdies sustojimo pozymius, visuotinj
pirmosios pagalbos jgiudziy mokymasi, vyresnio amziaus Zmoniy
gebéjimo orientuotis tam tikroje situacijoje mokymus.

Greitosios medicinos pagalbos dispeceriams: kasdieniame darbe jdiegti
$iuolaikiniy technologijy jrankiy, kurie padéty gaivinimo uz ligoninés
riby atvejais, pvz., AED ALERT aplikacijg ir kt.

Vaizdo stebéjimo sistemy gamintojams, diegéjams ir naudotojams:
jtraukti funkcionalumo kriterijy j sistemga diegiant, pvz., Tireless modelj
(kai kurie gamintojai neseniai paskelbé apie panasaus funkcionalumo
galimybe); sujungti vieSojo stebéjimo kamery duomenis su pagalbos
teikimo sistemomis.

GMP darbuotojy nesiojamyjy kamery (numatomy naudoti) vaizdinés
informacijos perdavimas galéty buti naudingas pagalbos teikimo
kokybés analizei, telekonsultacijoms, todél buty naudinga sudaryti
technines galimybes ir teisine baze.
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SUMMARY

Introduction

Sudden cardiac death (SCD) is a critical medical emergency characterized
by the abrupt cessation of cardiac activity, resulting in the inability of the
heart to supply blood to the brain and other vital organs. SCD is
predominantly triggered by arrhythmias, such as ventricular fibrillation or
ventricular tachycardia. These arrhythmic events can manifest without
warning, necessitating an immediate and effective response from bystanders
to enhance survival outcomes. Prompt resuscitative efforts are vital in
reestablishing normal cardiac rhythm and circulation. Key components of
resuscitation include performing chest compressions and, when available,
administering defibrillation to deliver an electric shock aimed at correcting
the arrhythmia. The success of resuscitation efforts is highly contingent on
the rapid initiation of these measures. Early resuscitation significantly
enhances the likelihood of survival and mitigates the risk of mortality and
long-term morbidity. The efficacy of resuscitation is heavily reliant on the
swift and coordinated actions of those present at the scene. The immediate
decision-making and actions of the first responder, including prompt chest
compressions and timely communication with emergency medical services
(EMS), are crucial determinants of the patient’s survival. Each minute of
delay adversely impacts the chances of survival, underscoring the necessity
for rapid and well-coordinated resuscitative interventions.

Synchronized chest compressions and ventilation are essential for
maintaining oxygenation of the heart and brain during resuscitation efforts.
Defibrillation plays a critical role in re-establishing a normal cardiac rhythm.
Effective and clear communication between the initial responder and the
ambulance dispatcher is paramount in preventing errors and ensuring that
resuscitation procedures are executed accurately and promptly. Dispatcher-
assisted resuscitation, guided by standardized protocols, ensures that
appropriate care is administered from the very first moment, thereby
enhancing the effectiveness of the resuscitation efforts.

The incidence of OHCA and the outcomes of resuscitation efforts in
Lithuania remain unknown due to the absence of a national registry of
sudden deaths. Therefore, this study aims to investigate the prevalence of out-
of-hospital resuscitation for sudden cardiac arrest in Kaunas from 2016 to
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2018 and to identify factors that could significantly enhance the outcomes of
resuscitation efforts for OHCA.

Survival rates following OHCA vary significantly across different
countries and regions, with an average survival rate of approximately 10%
[1,2]. Recent studies indicate that survival rates can reach up to 70%, which is
up to seven times higher than the European average, when victims receive
immediate resuscitation and defibrillation from bystanders prior to the
arrival of EMS. Survival rates can be as low as 40% when defibrillation is
administered by EMS personnel who arrive within 10-15 minutes.
Communities that proactively engage in emergency response efforts by
establishing networks of trained responders demonstrate improved
outcomes. A pilot project for an emergency responder network has been
implemented in Lithuania. One of the objectives of this study is to evaluate
the feasibility of activating a network of emergency responders connected via
a mobile application for cases of out-of-hospital sudden cardiac arrest.

The need for intervention when a person collapses in a public space and
beginning resuscitation immediately are both critical. Many public spaces are
monitored by CCTV cameras. Modern technology enables not only the
observation and recording of images but also their analysis. In cases of out-
of-hospital cardiac arrest occurring in public areas without nearby
individuals capable of providing assistance, we have developed an
experimental artificial intelligence (AI) model designed to detect a collapsing
person and automatically notify EMS.

Al can significantly contribute to the detection and assistance of
individuals experiencing sudden cardiac arrest. Algorithms tailored for
recognizing such events can enable AI to swiftly and accurately assess the
situation and alert medical services or nearby responders.

Effective coordination and timely emergency intervention are crucial in
preventing resuscitation delays during sudden cardiac arrest, significantly
impacting patient survival and quality of life. This work aims to improve the
recognition of out-of-hospital sudden cardiac arrest, expedite emergency
response calls, and ensure the consistent execution of resuscitation protocols
under dispatcher guidance.
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1. The aim and objectives of the study

The aim
To explore the possibilities of new technologies, adaptation, and
optimisation of dispatcher-assisted resuscitation in OHCA cases.

Objectives

1. Investigate the extent of CPR performed on individuals experiencing
OHCA in Kaunas from 2016 to 2018.

2. Identify factors that can significantly improve resuscitation outcomes
for individuals experiencing OHCA until hospital discharge.

3. Evaluate the potential of activating a network of responders combined
with a mobile application for OHCA cases.

4. Develop and test an artificial intelligence (AI) model capable of
detecting a fallen person using surveillance cameras in public spaces.

2. Methods

2.1. Bioethics approval

This study was conducted in the Department of Disaster Medicine of the
Lithuanian University of Health Sciences and approved by the regional
bioethics committee (approval numbers 2020-07-13 Nr. BE-2-70 ir 2023-03-
02 Nr. BE-2-6). Our research followed the principles of the Declaration of
Helsinki.

2.2. Study location and population

According to official statistics from 2018, the population of Lithuania
totalled 2,808,901, with approximately 70% residing in urban areas. Notably,
Kaunas, the second-largest city in Lithuania, boasted a population of 288,363
inhabitants in 2018 and 286,763 in 2019 but exhibited growth to 304,198 by
2024. As of 1 January 2024, the combined population of Kaunas City and its
surrounding districts totalled 410,475 inhabitants (79).

The Kaunas City Emergency Medical Services (EMS) is the sole provider
of emergency medical assistance within the city’s jurisdiction, with its
dispatch centre situated within the EMS station building. Each dispatcher
adheres to a rigorously protocolised workflow. Notably, in 2011, the Medical
Priority Dispatch System (MPDS) ProQACA protocol was implemented,
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furnishing precise instructions to callers to facilitate dispatcher-assisted
resuscitation efforts.

The EMS station operates on a two-tier principle, dispatching the nearest
unit capable of providing Basic Life Support (BLS) as the initial response,
followed by an Advanced Life Support (ALS) unit. Most BLS teams consist of
paramedics or paramedic nurses equipped with standard medical equipment
and automatic external defibrillators (AEDs). Conversely, ALS teams
comprise a doctor and/or nurse alongside a paramedic possessing advanced
training and skills.

In accordance with national directives, all resuscitation endeavours are
mandated to adhere strictly to the guidelines outlined by the European
Resuscitation Council. The absence of a formal Do Not Attempt
Resuscitation policy complicates matters, necessitating resuscitative
measures for all instances of CA, irrespective of the diminished likelihood of
success. This includes cases where individuals have terminal illnesses or have
exhausted available treatment options for other medical conditions. The only
option is for a medical specialist team to decide and document that
resuscitation will not be pursued during hospitalisation [80]. However, such
a discussion is only available under stationary conditions; after the stationary
phase ends, it no longer applies to subsequent stationary cases.

2.3. Study phases and participants

The study was divided into three phases.

The aim of phase one was to evaluate the epidemiology and factors
associated with better outcomes after OHCA over three years (2016-2018) in
Kaunas. We conducted a retrospective data analysis. The participants
involved in the study were adults (> 18 years) who experienced sudden death
and were resuscitated by emergency personnel. The primary data source was
the Kaunas City Ambulance Station’s electronic health records system, which
includes written and dispatcher call records. The second data source was
paper and electronic health records of Kaunas City hospitals. Finally, the
third data source was the death registry administered by the Institute of
Hygiene. The study was registered on the clinicaltrials.gov platform
(NCT04784117, Unique Protocol ID: LITOHCA). The brief title was ‘Out-of-
Hospital Cardiac Arrest Epidemiology and Outcomes in Kaunas, 2016-2021".

71



All data were gathered per the International Utstein Template for Reporting
on OHCA Research. The following data were collected:

EMS call records

EMS card ID

Date YYYY-MM-DD

Time 24h format

Dispatcher ID

Patient first and last name

Address of the event

City and district

Date of birth

Age in years

Gender

Dispatcher-identified cardiac arrest

Place of cardiac arrest

Witnessed cardiac arrest

Who witnessed the cardiac arrest

Resuscitation before EMS

Who resuscitated before EMS

Age of resuscitator

Number of resuscitators before EMS

Gender of resuscitators before EMS

AED usage before EMS

Date of first defibrillation

Time of first defibrillation (not included if performed by EMS)

Number of defibrillations

Death on scene

Cause of death

Time of EMS witnessed death

EMS resuscitation

First recorded heart rhythm

ST elevation on the first 12 lead ECG after resuscitation

Duration from call to arrival on scene in minutes

Duration from call to first defibrillation in minutes

Duration from call to first medication in minutes (excluded cases of EMS
witnessed)
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EMS medication during resuscitation
Medication administration site

EMS defibrillation

EMS airway

EMS ventilation

EMS performed hypothermia

Return of spontaneous circulation on scene
Transported to hospital

Patient status on arrival at hospital

Duration of transportation in minutes

Name of the hospital

Dispatcher-assisted resuscitation

Time to instructions

Time to first compressions
Dispatcher-identified cardiac arrest (continues to IIPA)
Resuscitation instructions provided
Resuscitation by witnesses

Time when resuscitation efforts finished
Discharged from hospital/survival to discharge
30-day survival

Date of hospital discharge

I-year survival

Neurological status of discharged patients according to CPC or mRS scale
Coronarography

Hypothermia in hospital

In 2014, the introduction of the nationally standardised 110/a form
marked a pivotal development for the EMS. The form aimed to streamline
the collection and storage of data pertaining to the actions performed by EMS
crews. Initially, data submission relied on the manual completion of paper
forms, which were later transitioned to electronic versions, thereby
facilitating auditing procedures and enhancing opportunities for research
endeavours. The Kaunas City EMS station emerged as a trailblazer in this
domain.

The automatic assignment of time and date stamps to each recorded entry
to ensure meticulous record-keeping is of great importance. Additionally, the
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adoption of the MPDS ProQA dispatch system by the Kaunas City EMS
station represented a pioneering initiative. Central to this system is the
implementation of a fully protocolised approach, mandating the presence of
an auditor tasked with conducting periodic audits, encompassing 3% of all
calls and 100% of suspected OHCA cases necessitating dispatcher-assisted
instructions.

The dispatch process entails a comprehensive evaluation by the dispatcher,
commencing with identifying the primary reason for the call and selecting the
appropriate protocol. In instances suggestive of CA, immediate dispatch of
the nearest BLS-EMS unit occurs alongside providing the caller with chest
compression instructions. Subsequently, an ALS EMS unit is dispatched,
reflecting the two-tier model. The dispatcher continues to provide
instructions until the arrival of the ambulance at the scene or until a bystander
can no longer perform chest compressions owing to safety concerns or
exhaustion.

Concurrently, the auditing process mirrors this sequential evaluation,
ensuring adherence to established protocols and optimising the quality of
care. The author acquired proficiency in and independently conducted the
auditing process, underscoring a commitment to rigorous quality assurance
measures within the EMS framework.

The next part was to evaluate the actions of the EMS crew after arriving at
the scene. We used an internationally recognised Utstein template for data
gathering and publishing purposes. Initially, we used the 2014 version [81]
but later upgraded to the 2017 version [82]. Concurrently, the EuReCa ONE
study was conducted to collected data from 27 European countries and
systematically publish the findings. Although, the protocol of this study was
similar, there were minor differences. We adapted our study protocol to
facilitate future data comparisons.

Data collection was time-consuming, with some data missing. To address
this, we aimed to standardise the process. In 2018, we developed a
resuscitation registry form (fig. 3.2.3.), which became fully functional in 2020.

The last part of this phase aimed to assess post-resuscitation procedures
following the EMS intervention. In the patient cohort, some individuals were
pronounced deceased at the scene; thus, their cases were not exhaustively
analysed. However, patients who were transported using mechanical chest
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compression devices and those who were successfully resuscitated were
included for further analysis.

Four hospitals operate in Kaunas, each adhering to distinct internal
policies governing the management of OHCA cases. Depending on these
policies, patients who experience OHCA may be directed to the emergency
department or routed directly to the intensive care unit for further treatment.
Comprehensive data pertaining to OHCA patients were meticulously
gathered from each hospital.

The majority of OHCA cases received treatment at the Lithuanian
University of Health Sciences Hospital Kaunas Clinics, which functions as the
primary tertiary healthcare facility in the region and is the only hospital
equipped with cardiac angiography capabilities.

Subsequently, our investigation focused on assessing the one-year survival
rates. To accomplish this objective, we used the national death registry
overseen by the Hygiene Institute. By articulating the study’s aims, objectives,
and protocol and securing bioethical approval, we obtained access to the
requisite data. This strategic collaboration provided us with a heightened level
of current and comprehensive data, distinguishing our study from others that
focused on 30-day survival rates or survival rates at hospital discharge.

Phase two focused on evaluating the usage of the mobile application (AED
ALERT by STAN, Paterijstraat 3A, Elburg, Gelderland 8081 TA, NL,
https://www.stanglobal.com/) for sudden CAs. We collected and evaluated

the total activations and the proportion of acceptance between the activation
of incidents and mobile application users. A pilot study was conducted in
Lithuania between June 2019 and February 2023. We did not calculate the
sample volume and assumed that the study participants were involved by
chance, as determined by the condition. The study duration was determined
based on the project.

Phase three evaluated the adaptation of Al in prehospital settings for CA.
In addition, we aimed to create and test an AI model capable of recognising a
fallen person using public surveillance cameras. We hypothesised that Al
could activate EMS after recognising a fallen person in a public place.

In the spring of 2023, we tested our model at the Lithuanian University of
Health Sciences. We called our model ‘Tireless’. The sample size was
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calculated based on the area under the receiver operating characteristic curve.
Assuming a null hypothesis value of 0.75 and anticipating an area under the
curve of at least 0.90 for detecting fallen individuals, with an a risk of 5% and
a P risk of 20%, we planned to include a minimum of 68 cases in the study.

In cases of sudden CA, a bystander approaches the collapsed individual
and checks whether the individual is responsive and breathing. If the
individual is unresponsive and not breathing, it is essential to call EMS and
initiate chest compressions, as both actions are crucial for saving lives.

After discussing the model structure and relevant testing procedures, we
conducted an experiment in a public corridor in the Department of
Emergency Medicine at the Lithuanian University of Health Sciences, Faculty
of Medicine, the experiment was monitored using video cameras. Prior to the
experiment, measures were taken to ensure that random individuals would
not enter the corridor. Only 18 pre-informed volunteers, who had been
briefed on the procedure and objectives, participated. Informed consent was
obtained from all the participants. For the experiment, we collected the
following data: height, weight, and sex (these data were provided by the
participants in a questionnaire). During the experiment, the volunteers were
instructed to fall as realistically as possible, close to and far away from the
surveillance camera. In total, 69 falls were recorded.

We developed a deep learning model based on the YOLOvV5 Al algorithm,
which is a convolutional deep neural network that operates by processing the
entire image simultaneously. The deep learning algorithm was developed by
the Ultralytics Company (USA) and designed for object recognition. The
model identifies objects while also assessing the recognition reliability. The
results were analysed in conjunction with the distance of the fall from the
camera.

2.4. Statistical analysis

Statistical analyses was performed using SPSS (IBM Corp. Released 2020
and 2023. SPSS Statistics for Windows, Versions 27.0. and 29.0.2.0, Armonk,
NY, USA). The calculated results are shown in graphics and tables.

In phase one, age and EMS times were reported as means (standard
deviations), quartiles, and interquartile ranges (IQRs). The Mann-Whitney
U and Wilcoxon tests were used to compare occurrence times. Categorical
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variables were reported as numbers and proportions and compared using
Pearson’s chi-square test. Logistic regression models were used to assess the
associations between patient (age and sex), arrest (location and first rhythm),
care (bystander CPR and defibrillation) characteristics, and the odds of
survival at hospital discharge. Log linearity was tested for continuous
variables, and variables for which log linearity was not proven were converted
into categorical variables. First, a univariate analysis was performed with all
descriptive variables, and the association between these variables and the
survival rate was tested using the Wald test. Stratification of the OHCA
characteristics was performed after adjusting for age and sex. Multivariate
analysis was performed with adjustments for all variables that were significant
in the univariate analysis. To assess the impact of patient characteristics, odds
ratios (ORs), 95% confidence intervals (Cls), and p-values were presented.

All tests were two-tailed, and p-values < 0.05 were considered to indicate
statistical significance.

For phase two, we collected and evaluated total activations and the
proportion of acceptance between activations of incidents and mobile
application (AED ALERT) users.

In phase three, we developed four distinct machine learning classifiers,
which were evaluated based on accuracy, precision, recall, and F1 score
metrics. We employed four distinct accuracy evaluation methods to ensure a
comprehensive assessment tailored to specific contextual considerations.
Each method was evaluated using a confusion matrix.

The confusion matrix is a fundamental tool for assessing the efficiency of
classification algorithms. This tabular representation provides a concise
visual summary of the classification algorithm’s performance, thereby
enabling a nuanced understanding of its effectiveness.
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Table 3.2.1. The confusion matrix

Originally positive Originally negative
Positively True postive (TP) False positive (FP)
guessed
Negatively False negative (FN) True negative (TN)
guessed

Accuracy is the best-known machine learning model classification
verification method. One reason is its simplicity, which makes it easy to
understand and adapt. The formula is as follows:

TP

Accuracy = 75+

Despite its simplicity, this metric may be insufficient when the distribution
is uneven, especially when it is crucial to identify the minority group. For
instance, in diagnosing cancer, distinguishing between malignant and benign
tumours is essential. It is not acceptable to misclassify healthy individuals as
having malignancies or to overlook undiagnosed malignancies. Given these
considerations, we decided to reject this metric.

Precision has emerged as a pivotal metric, particularly in scenarios where
identifying TPs is essential. Its value lies in its direct correlation with the
precise proportion of positive predictions or the accuracy of predictions
pertaining to the minority class. Accuracy alone may not provide a
comprehensive portrayal of a situation. The inherent limitation of this metric
is its inability to identify the number of instances within the TP group that
are misclassified as negatives, thereby precluding the determination of FNs.
Since cannot ascertain how many from the TP group were classified as
negative; therefore, the number of FNs remain unknown. The precision
formula is as follows:

TP

Precission = =B T FP
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Recall is the next metric that measures the correctly forecasted positive
results, which means it identifies how many positive cases were identified
correctly. This metric is used when we do not allow FNs. The recall formula
is as follows:

/iy

Recall = ———
TP + FN

The F1 score is a combination of recall and precision. It is best used for
cases in which two classifiers are compared. For example, classifier A has a
high precision value, and classifier B has a high recall value. Therefore, in this
case, we can compare both classifiers under equal conditions. One is the best
evaluation, and 0 is the worst. The F-1 score formula is as follows:

Precision X Recall

— 2y’ —
plagats Precision + Recall

The mean average precision (mAP) is a metric used to evaluate the
performance of object detection models. It is one of the key evaluation
metrics alongside other measurements, such as precision and recall, that
provides a comprehensive description of how well the model detects various
objects.

1 k
mAP = E;APZ-
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After assessing these key metrics, we investigated whether there was a
correlation between a fallen person and the distance to the CCTV camera.

3. Results

3.1 Factors associated with survival after OHCA between 2016 and 2018
in Kaunas City

We scrutinised a three-year period encompassing 838 OHCA cases, with
an incidence rate of 95.8 cases per 100,000 inhabitants per year. The Utstein
template was adopted for data collection and subsequent publication
protocols because of its widespread acceptance as the gold standard for
OHCA research [41].

As illustrated in Figure 3.1.1, EMS were activated on 3,933 occasions for

the resuscitation of adults suspected to be experiencing sudden CA based on
received calls. Subsequent analysis revealed that 78.6% of these activations
(n=3,090) culminated with the EMS pronouncing the individual deceased
without attempting resuscitation. After excluding cases involving EMS
pronouncements of death, 843 cases were the primary focus of our study. Five
cases were excluded because of insufficient data. Notably, 70.4% of the
analysed cases were pronounced dead at the scene by EMS personnel after
resuscitation attempts.
Table 3.1.1 delineates the comprehensive characteristics of all study
participants and the Utstein comparator subgroup. The median age of the
participants was 71 years (IQR, 58-81 years), with a predominant
representation of males, constituting 66.7% of the cohort. Most OHCA
incidents, accounting for 73.8%, occurred within residential settings;
bystander presence was noted in 59.3% of cases, with bystander CPR
administered in 54.5% of incidents. A presumed medical aetiology was
documented in 78.8% of cases. Notably, one patient received AED
intervention prior to the arrival of the EMS. Initial cardiac rhythm analysis
revealed a shockable rhythm in 27.6% of the cases, whereas a non-shockable
rhythm was observed in 68.5% of cases.
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Fig. 3.1.1. EMS-attempted resuscitations from 2016 to 2018
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Table 3.1.1. Out-of-hospital cardiac arrest patient characteristics (n=838)

Variable Characteristics Total/All cases Utstein group
838 (100%) 138 (16.5%)
Incidence rate per 100,000 95,4 15,7
Dispatcher Yes 419 (50,0%) 81 (58,7%)
identified cardiac  No 103 (12,3%) 11 (8,0%)
arrest N/A (was alive) 157 (18,7%) 13 (9,4%)
Missing 159 (19,0%) 33 (23,9%)
Dispatcher CPR Yes 374 (44,6%) 73 (52,9%)
No 146 (17,4%) 19 (13,8%)
N/A (was alive) 155 (18,5%) 13 (9,4%)
Missing 163 (19,5%) 33 (23,9%)
Age Median 71 years (IQR, 58-81) 70,5 (IQR 59-77)
Min-max 18-99 33-91
Missing 2 (0,2%) 0 (0,0%)
Gender Male 559 (66,7%) 112 (81,2%)
Female 279 (33,3%) 26 (18,8%)
Location Residence 607 (73,8%) 88 (63,8%)
Nursing home/medical 43 (5,2%) 6 (4,3%)
facility
Public area 173 (21,0%) 44 (31,9%)
Missing 15 (1,8%) 0 (0,0%)
Aetiology Medical/cardiac cause 660 (78,8%) 138 (100%)
Witnessed Arrest ~ Bystander 497 (59,3%) 138 (100%)
EMS 100 (11,9%)
Unwitnessed 103 (12,3%)
Missing 138 (16,5%)
Bystander CPR Yes 457 (54,5%) 109 (79,0%)
No 194 (23,2%) 23 (16,7%)
N/A (was alive) 168 (20,0%) 6 (4,3%)
Missing 19 (2,3%) 0 (0,0%)
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Table 3.1.1 continued

Variable Characteristics Total/All cases Utstein group
Initial cardiac VE/pVT 231 (27,5%) 138 (100%)
rhythm PEA/asystole 576 (68,5%)
Missing 32 (3,8%)
EMS defibrillation  Yes 231 (27,6%) 138 (100%)
No 607 (72,4%)
Epinephrine Yes 760 (90,7%) 113 (81,9%)
No 78 (9,3%) 25 (18,1%)
Transported to Yes 249 (29,7%) 78 (56,5%)
hospital Specialist centre 216 (86,7%) 78 (56,5%)
Non-specialist centre 33 (13,3%) 0 (0%)
Coronarography  Yes 97 (40,8%)* 59 (59,0%)**
attempted
Number of 0 14 (14,7%) 8 (13,6%)
occluded coronary 1 23 (24,2%) 16 (27,1%)
arteries 2 19 (20,0%) 13 (22,0%)
3 39 (41,1%) 22 (37,3%)
Missing 2(2,1%) 0 (0%)
Targeted Performed 5(2,1%)* 1(1,3%)**
temperature Indicated, but not 152 (63,9%)* 52 (69,0%)**
management performed
Not indicated 39 (16,4%)* 18 (24,0%)**
Missing 42 (17,6%)* 4 (5,3%)**

* % calculated for all patients admitted to the hospital (n=238)

**% calculated from Utstein subgroup patients admitted to the hospital (n=75)



In our study, medical dispatchers identified instances of OHCA in 50.0%
of all cases and provided over-the-phone CPR instructions in 44.6% of these
identified cases. Notably, approximately 19% of the patients who experienced
OHCA were still alive during the call. Interestingly, approximately 19% of all
dispatcher data were missing, owing to instances where data were not saved
in the EMS database. Given the time-sensitive nature of this condition, a
comprehensive analysis of each phase of the process is imperative.

Our findings revealed that the median EMS response time from departure
to arrival at the patient’s location was 10 min. Furthermore, the time elapsed
from departure to the first defibrillation was approximately 11 min, whereas
the interval between departure and administration of the first medication was
approximately 15 min. Additional critical time intervals are presented in
Table 3.1.2.

Table 3.1.2. Emergency Medical Services times

Time period Total/All cases Utstein group

n Median n Median

(IQR) (IQR)

Departure to scene 738 9 (7-11) 132 8(7-10)
Departure to patient 681 10 (8-12) 132 9(8-11)
Departure to defibrillation 242 11 (9-14) 133 11 (9-13)
Departure to epinephrine 660 15 (12-18) 111 15(12-17)
Scene to Emergency Department 248 6 (5-9) 78 6,5 (5-9)

All values are reported in minutes. IQR, interquartile range.

The patient outcomes outlined per the Utstein template are shown in
Table 3.1.3. Data for each year and the aggregated totals for the entire study
period are provided for thorough analysis. Notably, the number of cases
remains consistent across each year.

Overall, 28.4% of OHCA cases exhibited a return of spontaneous
circulation (ROSC) prior to hospital arrival. Analysis of survival to hospital
discharge revealed a rate of 47.1% (n=65) in the Utstein group, contrasting
with 10.9% (n=92) in the total group. The one-year survival rate was 6.9%
(n=58) in the total group and 47.1 % (n=65) in the Utstein group.
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Table 3.1.3 Patient outcomes reported in accordance with the Utstein
recommendations (n= 838)

ROSC sustainedto ~ Survived to hospital 1-year survival

hospital discharge
Patient outcomes reported Yes No Yes No Yes No

N (%) N (%) N (%) N (%) N (%) N (%.)
All EMS-treated arrests
2016-2018 n=838 238 (28,4) 600 (71,6)  92(10,9) 746 (89,0) 58 (6,9) 780 (93,1)
2016 n=312 84(26,9) 228(73,1)  27(8,7) 285(91,3) 12(3,8) 300 (96,2)
2017 n=281 79 (28,1) 202(71,9)  34(12,1) 247 (87,9) 22(7,8) 259 (92,2)
2018 n=245 75(30,6) 170 (69,4)  31(12,7) 214(87,3) 24(9,8) 221 (90,2)
Shockable bystander-witnessed
(EMS-witnessed excluded)
2016-2018 n=138 75(54,3) 63 (45,7) 65 (47,1) 73 (52,9) 38 (27,5) 100 (72,5)
2016 n=42 21(50) 21 (50) 13(31) 29 (69) 9(21,4) 33 (78,6)
2017 n=49 27 (55,1) 22 (44,9) 26 (53,1) 23 (46,9) 11(22,4) 38 (77,6)
2018 n=47 27 (57,4) 19 (40,4) 26 (55,3) 21 (44,7) 18 (38,3) 29 (61,7)
Shockable bystander CPR
(EMS-witnessed excluded) N=165
2016-2018 83 (50,3) 82 (49,7) 56 (33,9) 109 (66,1) 38(23,0) 127 (77)
2016 n=58 23(39,7) 35 (60,3) 14 (24,1) 44 (75,9) 5(8,6)  53(91,4)
2017 n=50 28 (56,0) 22 (44) 18(36) 32 (64) 12 (24,0) 38 (76)
2018 n=57 32(56,1) 25 (43,9) 24 (42,1) 33 (57,9) 21 (36,8) 36 (63,2)
Non-shockable bystander-witnessed
(EMS witnessed excluded)
2016-2018 n=318 61(19,2) 257(80,8) 7(22)  311(97.8) 3(0,9)  315(99,1)
2016 n=108 23 (21,3) 85 (78,7) 2(1,9) 106 (98,1) 0(0,0) 108 (100)
2017 n=132 23(17,4) 109 (82,6) 5(3,8)  127(96,2) 3(2,3) 129(97,7)
2018 n=78 15(19,2) 62 (79,5) 0(0,0) 78 (100) 0(0,0) 78 (100)

The outcomes associated with hospital discharge were most unfavourable

among cases in the non-shockable bystander-witnessed group (excluding

EMS-witnessed cases), with survival rates of 2.2% (n=7) and a one-year

survival rate of 0.9% (n=3).
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Our analysis revealed that non-shockable cardiac rhythm prevailed,
constituting 68.5% (n=576) of cases, whereas shockable rhythm was observed
in 27.5% (n=231) of cases. Using a multivariate model, a statistically
significant association was established between shockable rhythm and
improved outcomes (OR 14.55, 95% CI 7.35-28.82).

Additionally, the multivariate model revealed statistically significant
associations between shorter time intervals from call to patient arrival (< 10
minutes) (OR 2.18, 95% CI 1.19-4.01) and age < 80 years (OR 2.96, 95% CI
1.18-7.41) with favourable outcomes. Conversely, witnessed OHCA (OR 195,
95% CI 0.97-3.64) and male sex (OR 1.44, 95% CI 0.70-2.97) did not exhibit
statistical significance in the multivariate model (Table 3.1.4).

In summary, our study identified five factors associated with improved
outcomes:

2. The presence of a shockable initial heart rhythm.

3. A shorter time interval from call to arrival at the scene (less than 10
min).

4. CA witnessed with bystander intervention.

5. Age < 80 years.

6. Male gender.

Table 3.1.4. Multivariate logistic regression analysis for survival to hospital
discharge in all EMS-treated OHCA cases

Variable OR 95% CI p
Male gender 1,44 0,70-2,97 0,325
Age <80 2,96 1,18-7,41 0,020
Shockable rhythm 14,55 7,35-28,82 <0,001
Witnessed arrest 1,95 0,97-3,64 0,063
EMS arrival to scene <10 min 2,18 1,19-4,01 0,012

Odds ratios (ORs) and 95% confidence intervals (Cls) from logistic regression are
presented. Regressions controlled for gender.

3.2 First responders’ network pilot study results

In parallel with our investigation, a supplementary pilot study was
conducted in Lithuania involving a network of individuals who had
completed first-aid training. This network comprised 5,693 participants. The
participants received SMS or pop-up notifications in their network
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application and were given precise details regarding nearby OHCA incidents
by a dispatcher. Certain individuals received notifications indicating the
nearest AED location, whereas others were directed to an OHCA scene. This
pilot initiative started in June 2019 and continued until February 2023.
During the pilot study, 13,929 alerts were recorded (Table 3.2.1).

Table 3.2.1. Overview of the AED ALERT mobile application pilot project
statistics

Period June 2019 - February 2023
Number of users 5693

Number of AEDs 214

Number of incidents 13 929

AED, automatic external defibrillator.

The collected data were categorised and presented systematically. Table
3.2.1 provides a comprehensive overview detailing the information
pertaining to users, activations, and other relevant metrics. Figure 3.2.1 shows
the total activations according to the respective months observed during the
study period. Notably, seasonal fluctuations were discernible, with certain
months registering more than 400 alerts.
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Fig. 3.2.1. Monthly alerts during the pilot study
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Furthermore, analysis of the acceptance rate, calculated based on the

number of responders who accepted at least one notification, revealed a rate
of 18.08 %, as shown in Table 3.2.2.

Table 3.2.2. Responders acceptance rate 2019-2023

Acceptance 2019 2020 2021 2022 2023 Total %

0 135 3432 4078 3221 544 11410 81,92%
1 344 552 640 258 19 1813 13,02%
2 248 158 56 8 470 3,37%
3 138 12 5 155 1,11%
4 45 2 47 0,34%
5 31 3 34 0,24%
Alerts 941 4159 4779 3487 563 13 929 100%

3.3 Al precision in recognising sudden death
During the analysis phase, we scrutinised the fall detection rate and

underlying determinants influencing its efficacy. The following metrics were

systematically evaluated:

1.

Recall: This metric, also known as sensitivity, quantifies the proportion
of fallen individuals correctly identified by the model and is expressed as
TP/(TP+FN). Our model demonstrated a recall value of 0.95, indicating
the accurate detection of 95 % of fallen individuals.

Precision: Precision gauges the accuracy of the model in identifying
fallen individuals and is calculated as TP/(TP + FP). Our model exhibited
a precision value of 0.968, denoting that 96.8 % of the detected fallen
individuals were TPs.

F1 score: Given the competing nature of recall and precision metrics, the
F1 score consolidates both into a single metric. It is computed as 2 x
(Precision x Recall)/(Precision + Recall) and ranges between 0 and 1.
Considering the precision and recall values of our model, the F1 score for
fall detection was 0.958.

mAP: Serving as a pivotal and widely employed evaluation metric, the
mAP encapsulates the interplay between precision and recall, thereby
maximising the impact of both. Our model yielded a mAP value of 0.978,
underscoring its robustness.
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Fig. 3.3.1. Image from the performed experiment using artificial
intelligence fall detection

Subsequent analysis revealed a correlation between the distance from the
camera and accurate recognition of fallen individuals. Specifically, the fall
detection precision demonstrated augmentation as objects drew closer to the
camera, as depicted in Figure 3.3.2.

c0og900° ....."..'.0000 °
.o = ‘:'

Sensitivity
5

00 $00 1000 1500 2000 2500

Distance from camera to volunteer

89



Fig. 3.3.2. Sensitivity dependence from the distance to the camera, m

4. Conclusions

Over three years, EMS were summoned for resuscitation efforts 3,933
times, with resuscitative measures undertaken in 21.4 % of cases.
Notably, 28.5 % of the cases achieved ROCS upon arrival at the hospital,
and 10.9 % resulted in hospital discharge, while the one-year survival rate
was 6.9 %.

Timely recognition of CA by EMS dispatchers is correlated with
expedited defibrillation and administration of medications, increasing
the likelihood of achieving ROCS and potentially improving patient
outcomes and one-year survival rates. Our analysis identified five pivotal
factors associated with enhanced survival: the presence of a shockable
rhythm, on-scene arrival within 10 min of the call, witnessed CA, age <
80 years, and male sex.

Throughout the three-year pilot study, first responders were activated
13,929 times. The activation patterns exhibited seasonal variations, with
peak activation exceeding 400 per month between October and January.
We developed an Al model called ‘Tireless’ that can detect fallen
individuals using public surveillance cameras. The algorithm
demonstrated a detection rate exceeding 95 % for fallen persons within a
20-meter distance from the camera, with a precision of 0.978.
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5. Practical implications

Public education on recognising the signs of acute CA, universal first-aid
skills training, and orientation training, particularly for older adults, is
crucial. We propose developing a national multi-year strategy to achieve
these objectives.

We recommend that EMS dispatchers use modern technological tools to
assist with daily operations, particularly in prehospital resuscitation
cases. Applications like AED ALERT and other similar tools should be
considered for integration.

For manufacturers, installers, and users of video surveillance systems,
incorporating functionalities similar to the ‘tireless’ model (some
manufacturers have recently announced the possibility of similar
functionality) into the systems should be considered. Additionally,
integrating public surveillance camera data into emergency response
systems would be beneficial.

The visual information transmitted from wearable cameras used by EMS
personnel (anticipated for future use) could be beneficial for analysing
the quality of assistance and for teleconsultations. Therefore, we propose
establishing the necessary technical capabilities and legal frameworks.
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Abstract

Background: No studies analysing out-of-hospital cardiac arrest (OHCA) epidemiology and outcomes in Lithuania
were published in the last decade.

Methods: We conducted a retrospective analysis of prospectively collected data. The incidence of OHCA and the
demographics and outcomes of patients who were treated for OHCA between 1 and 2016 and 31 December 2018 at
Kaunas Emergency Medical Service (EMS) were collected and are reported in accordance with the Utstein recommen-
dations. Multivariable logistic regression analysis was used to identify predictors of survival to hospital discharge.

Results: In total, 838 OHCA cases of EMS-treated cardiac arrest (CA) were reported (95.8 per 100.000 inhabitants).
The median age was 71 (IQR 58-81) years of age, and 66.7% of patients were males. A total of 73.8% of OHCA cases
occurred at home, 59.3% were witnessed by a bystander, and 54.5% received bystander cardiopulmonary resuscita-
tion. The median EMS response time was 10 min. Cardiac aetiology was the leading cause of CA (78.8%). The initial
rhythm was shockable in 27.6% of all cases. Return of spontaneous circulation at hospital transfer was evident in
24.9% of all cases. The survival to hospital discharge rate was 10.9%, and the 1-year survival rate was 6.9%. The survival
to hospital discharge rate in the Utstein comparator group was 36.1%, and the 1-year survival rate was 27.2%. Five
factors were associated with improved survival to hospital discharge: shockable rhythm, time from call to arrival at the
patient less than 10 min, witnessed OHCA, age < 80 years, and male sex.

Conclusion: This is the first OHCA study from Lithuania examining OHCA epidemiology and outcomes over a three
year period. Routine OHCA data collection and analysis will allow us to track the efficacy of service improvements and
should become a standard practice in all Lithuanian regions.

Trial registration: This research was registered in the clinicaltrials.gov database: Identifiers: NCT04784117, Unique Proto-
col ID: LITOHCA. Brief Title: Out-of-hospital Cardiac Arrest Epidemiology and Outcomes in Kaunas 2016-2021.
Keywords: Out-of-hospital cardiac arrest, Utstein, Incidence, Emergency medical services, Survival, Outcomes,
Prehospital resuscitation

Background

While the global survival rate of out-of-hospital cardiac
arrest (OHCA) has significantly improved in the past 40
years [1], it remains poor. The overall survival to hospital
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countries [2]. Unfortunately, there were no data from
Lithuania in the EuReCa Two study. In Lithuania, the
incidence of OHCA is unknown, as there is no official
coding for OHCA as a cause of death in the national
death registry.

The epidemiology of OHCA in Kaunas, the second larg-
est city in Lithuania, has not been systematically reported
in the last decade. Kaunas Emergency Medical Service
(EMS) has undergone some major stepwise changes since
2011, including implementation of the Medical Priority
Dispatch System (MPDS) and dispatcher-assisted cardio-
pulmonary resuscitation (CPR) instructions.

The aim of our study was to explore the epidemiology
and outcomes of OHCA in Kaunas and to examine the
impact of different patient and care factors on survival to
hospital discharge.

Methods

Study design

We conducted a retrospective analysis of prospectively
collected data from Kaunas EMS-attended OHCA cases
in which resuscitation was attempted from 1 to 2016 to
31 December 2018.

Data sources

We used four data sources to describe each OHCA event:
(1) Kaunas EMS Dispatcher Centre data, (2) EMS data,
(3) hospital data, and (4) death registry data. EMS dis-
patcher data and EMS recordings were collected from
the Kaunas EMS digital databases. Each OHCA case in
which EMS staff initiated CPR underwent an internal
audit by a Kaunas EMS quality manager and was included
in the study. EMS dispatcher calls were reviewed by the
EMS dispatch quality manager. Hospital data were col-
lected from both paper records and the hospital infor-
mation system (started in June 2017). Hospital data were
retrieved manually and collected in the study database.
The 1-year survival of patients discharged alive from a
hospital was retrieved from the Lithuanian Health Infor-
mation Centre of Institute of Hygiene, which is responsi-
ble for national death statistics in Lithuania.

Study settings

In 2018, Lithuania had a population of 2,808,901 and
occupied an area of 65,300 km2. Approximately 70%
of the Lithuanian population lives in cities. Kaunas is
the second largest Lithuanian city, with a population of
approximately 0.29 million. The Kaunas EMS Station is
the only prehospital care provider in the city. The dis-
patch system is entirely protocol-based. In Kaunas, all
the callers were instructed to perform dispatcher-assisted
CPR (DA-CPR) using the standard MPDS ProQA® car-
diac arrest (CA) protocol starting in 2011. The EMS is
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a two-tiered response system: a basic life support (BLS)
tier with paramedics or a nurse and a paramedic who can
apply an automated external defibrillator (AED) and an
advanced life support (ALS) tier with ambulance teams
including a physician and/or a nurse with advanced com-
petencies in emergency medicine and a paramedic. In the
case of presumed OHCA, a dispatcher always dispatches
two EMS teams: the one closest to the victim and the
ALS team. In Lithuania, CPR regulations are based on an
order of the Ministry of Health, which was drafted under
the European Resuscitation Council (ERC) guidelines.
We do not have a do-not-resuscitate (DNAR) order in
Lithuania.

Patient population
All OHCA cases in which EMS staff initiated CPR were
included in the study. OHCA was defined as the cessa-
tion of cardiac mechanical activities as confirmed by the
absence of signs of circulation [3]. Patients who received
bystander CPR but had a pulse when EMS staff arrived
were not included in the study, except for one patient
who received a shock from an AED before EMS arrival.
The exclusion criteria were age less than 18 years and
obvious signs of death on EMS arrival.

Variables

The core study dataset complied with the Utstein defini-
tions [3] and is presented in Tables 1 and 2. We collected
and examined 27 core and supplemental variables: sys-
tem (population served, number of CAs attended, num-
ber of resuscitation attempted and not attempted, system
description), dispatcher (dispatcher identified presence
of CA, dispatcher provided CPR instructions), patient
(age, sex, witnessed arrest, arrest location, bystander
response, first monitored rhythm, aetiology), process
(response times, defibrillation time, provision of targeted
temperature management (TTM), drugs, performance
of coronary angiography, number of occluded arteries);
outcomes (prehospital ROSC, survived event, survival
to hospital discharge, 1-year survival, transport to hos-
pital, neurological outcome at discharge and discharge
location).

Outcome measures

The primary outcome measure of this study was survival
to hospital discharge in all patients and in the Utstein
comparator subgroup which is defined as bystander-
witnessed OHCA of medical/cardiac aetiology with an
initial shockable rhythm. We selected these two groups
because they reflect EMS system effectiveness and effi-
cacy, respectively, according to the Utstein template [3].
1-year survival was measured as a secondary outcome.
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Table 1 Out-of-hospital cardiac arrest patient characteristics
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Characteristics

Total/all cases

Utstein group

Number (%)
Incidence rate per 100,000 inhabitants per year
Dispatcher identified cardiac arrest
Yes

No

N/A (was alive)
Missing

Dispatcher CPR

Yes

No

N/A (was alive)
Missing

Age

Median

Min-max

Missing

Sex

Male

Female

Location

Residence

Nursing home/medical facility
Public area

Missing

Aetiology witnessed arrest
Medical/cardiac cause
Bystander

EMS

Unwitnessed

Missing

Bystander CPR

Yes

No

N/A (was alive)
Missing

Initial cardiac rhythm
VF/pVT

PEA/asystole

Missing

EMS defibrillation

Yes

No

Epinephrine

Yes

No

Transported to hospital
Yes

Specialist centre
Non-specialist centre

838(100)
954

419 (50.0)
103 (12.3)
157 (18.7)
159 (19.0)

374 (44.6)
146 (17.4)
155(18.5)
163 (19.5)

71 years (IQR, 58-81)
18-99
2(02)

559 (66.7)
279(333)

607 (73.8)
43(5.2)
173 (21.0)
15(1.8)

660 (78.8)
497 (59.3)
100(11.9)
103 (12.3)
138(16.5)

457 (54.5)
194 (23.2)
168 (20.0)
19(23)

231(27.5)
576 (68.5)
32(38)

231(27.6)
607 (72.4)

760 (90.7)
78(9.3)

249 (29.7)
216 (86.7)
33(133)

138(16.5)
157

81(58.7)
1(80)

13(94)

33(239)

73(529)
19(13.8)
13(94)

33(239)

70.5 (IQR 59-77)
33-91
0(0.0)

112(81.2)
26(18.8)

88 (63.8)
6 (4.3)
44(31.9)
0(0.0)

138 (100)
138 (100)

109 (79.0)
23(16.7)
6(43)
0(0.0)

138 (100)

138 (100)

113(81.9)
25(18.1)

78 (56.5)
78 (56.5)
0(0)
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Table 1 (continued)
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Characteristics

Total/all cases Utstein group

Coronarography attempted

Yes

Number of occluded coronary arteries
0

1

2

3

Missing

Targeted temperature management
Performed

Indicated, but not performed

Not indicated

Missing

97 (40.8)* 59 (59.0)*
14 (14.7) 8(13.6)
23(242) 16 (27.1)
19 (200) 13(220)
39 (41.1) 22(373)
2(2.0) 0(0)
521 1.3
152 (639)% 52 (69.0)%
39 (16.4)* 18 24.0)**
42(176)* 4(53)%

*% calculated from all patients admitted to the hospital (n=238)
**04 calculated from Utstein subgroup patients admitted to the hospital (n=75)

Table 2 EMS times

Time period Total/All cases Utstein group

n Median (IQR) n Median (IQR)
Departure to scene 738  9(7-11) 132 8(7-10)
Departure to patient 681 10(8-12) 132 9(8-11)
Departure to defibrillation 242 11(9-14) 133 11(9-13)
Departure to epinephrine 660 15(12-18) 111 15(12-17)
Scene to emergency depart- 248 6 (5-9) 78 6.5(5-9)

ment

All values reported in minutes

Statistical analysis

Age and EMS times were reported as the medians and
interquartile ranges (IQRs). To compare the times of
occurrence, the Mann-Whitney U and Wilcoxon tests
were used. Categorical variables are reported as numbers
and proportions and were compared by using the Pear-
son chi-square test. To assess the associations among
patient (age, sex), arrest (location, first rhythm) and care
(bystander CPR, defibrillation) characteristics and the
odds of being alive at hospital discharge, logistic regres-
sion models were used. The log linearity was tested for
continuous variables, and variables for which log linearity
was not proven were converted into categorical variables.
First, a univariate analysis was performed with all the
descriptive variables, and the association between these
variables and the survival rate was tested using the Wald
test. Stratification was then performed on OHCA char-
acteristics with adjustment for age and sex. Multivariate
analysis was performed with adjustment for all the vari-
ables that were significant in the univariate analysis. To

assess the impact of patient characteristics, odds ratios
(ORs) and their 95% confidence intervals (95% Cls) and
p-values are presented.

All tests were two-tailed, and p-values less than 0.05
were considered to indicate statistical significance.

Results

In total, 838 OHCA cases of EMS-treated CA were
reported (95.8 cases/100.000 inhabitants/year). A flow-
chart of the study participants is presented in Fig. 1.
EMS-treated OHCA cases constituted 21.4% of all EMS-
attended cases. Medical dispatchers identified OHCA
in 50.0% of all cases and provided over-the-phone CPR
instructions in 44.6% of them. Approximately 19% of
OHCA patients were still alive during the call. Approxi-
mately 19% of all dispatcher data were missing because
data were not saved to the EMS database. The median
EMS response time (from departure to arrival at the
patient) was 10 min. Other EMS times are presented in
Table 2.

Patient characteristics

Detailed characteristics of all study participants and the
Utstein comparator subgroup are presented in Table 1.
The median age was 71 (IQR 58-81) years, and 66.7%
of patients were males. A total of 73.8% of OHCA cases
occurred at home, 59.3% were witnessed by a bystander,
and 54.5% received bystander cardiopulmonary resus-
citation (CPR). A presumed medical aetiology was
reported in 78.8% of all cases. One patient received
a shock from an AED before EMS arrival. The initial
rhythm was shockable in 27.6% and nonshockable in
68.5% of all cases.
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Cardiac arrests attended Resuscitation not attempted
N=3933 (100%) i N=3090 (78.6%)
v
Resuscitation attempted Excluded (incomplete data)
N=843 (21.4%) I N=5 (0.6%)
v
Cardiac arrests analyzed Pronounced dead in the field
N=838 (21.3%) i N=590 (70.4%)

v

ROSC sustained in the field

N=239 (28.5%)

v

Transported to hospital

N=249 (29.7%)

v

ROSC upon arrival to hospital \){ Not survived to hospital discharge

N=238 (28.4%)

v

Survived to hospital discharge

N=146 (61.3%)

N=92 (10.9%)

v

Survived to 1-year

N=58 (6.9%)

Fig. 1 Study flowchart

Outcomes

Return of spontaneous circulation (ROSC) at hospital
transfer was evident in 24.9% of all cases. The survival to
hospital discharge rate was 10.9%, and the 1-year survival
rate was 6.9%. The survival to hospital discharge rate in
the Utstein comparator group was 47.1%, and the 1-year
survival rate was 27.5%. Patient outcomes were reported
in accordance with the Utstein recommendations and
presented in Table 3.

None of the discharged OHCA patients were evaluated
using the Cerebral Performance Category (CPC) or mod-
ified Rankin Scale (mRS). 48% of all surviving patients
were discharged to rehabilitation facilities, 21.7% to other
hospitals, 16.3% to home, and 12% to nursing facilities.

Factors associated with improved survival to hospital
discharge

In the univariate model, five statistically significant fac-
tors were associated with improved survival to hospital
discharge: shockable rhythm, time from call to arrival at
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the patient less than 10 min, witnessed OHCA, age <80
years, and male sex. The multivariate model showed a
statistically significant effect of shockable rhythm (OR
14.55, 95% CI 7.35-28.82), time from call to arrival at the
patient less than 10 min (OR 2.18 95% CI 1.19-4.01), and
age<80 years (OR 2.96, 95% CI 1.18-7.41). Witnessed
OHCA (OR 1.95, 95% CI 0.97-3.64) and male sex (OR
1.44, 95% CI 0.70-2.97) were statistically nonsignificant
in the multivariate model (Table 4).

Odds ratios (ORs) and 95 confidence intervals from
logistic regression are presented. Regressions controlled
for sex.

Discussion

This is the first study reporting epidemiology and out-
comes of OHCA in Lithuania for a period of three years.
The overall survival to hospital discharge rate was 10.9%
in our study. Among the patients in the Utstein com-
parator group, the survival to hospital discharge rate
was 47.1%. Analysis of Utstein comparator subgroup
variables allows a better comparison with other systems.
Our results are slightly better than those reported in the
EuReCA TWO study (8% and 31%) [1] and in the Car-
diac Arrest Registry to Enhance Survival (CARES) annual
report in 2017 (10.4% and 32.6%, respectively) [4]. The
overall 1-year survival rate in our study was 6.9%, and
that for the Utstein group was 27.5%. The survivors in the
Utstein comparator subgroup constituted 65.5% of the
total number of 1-year survivors. A recent meta-analysis
of 141 OHCA studies reported an overall 1-year survival
rate of 7.7% [1].

The incidence of EMS-treated OHCA in Kaunas was
95.8 cases/100,000 inhabitants/year. This incidence is
higher than that reported in the EuReCa TWO study
(56 cases/100,000 inhabitants/year) [2], CARES (74.3
cases/100,000 inhabitants/year) [4], and AusROC Epis-
try (47.6 cases/100,000 inhabitants/year) in 2015 [5]. The
OHCA incident rate in Kaunas was higher than that in
other North European countries, such as Denmark [6],
Finland [7], Sweden [8], Norway [9], and neighbouring
Poland [10]. The proportion of cases in which resuscita-
tion was initiated or continued by EMS staff was 21.4%,
compared with 62.6% in the EuReCa TWO study [2].
The total population served by Kaunas EMS decreased
from 0.36 million in 2007 to 0.29 million in 2017, but
the number of EMS-treated CAs increased 5-fold from
19.96 cases/100,000 inhabitants/year in 2007 [11] to 97.4
cases/100,000 inhabitants/year in 2017. The increased
number of CPR attempts could be related to the num-
ber of attempts performed in patients in whom CPR
was regarded as futile earlier. The negative correla-
tion between the frequency of CPR attempts and the
incidence of shockable rhythm may confirm such an
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Table 3 Patient outcomes reported in accordance with the Utstein recommendations
Patient outcomes reported ROSC sustained to hospital Survived to hospital discharge 1-year survival

Yes No Yes No Yes No

N (%) N (%) N (%) N (%) N (%) N (%)
All EMS-treated arrests
2016-2018 n=838 238 (284) 600 (71.6) 92(10.9) 746 (89.0) 58 (6.9) 780(93.1)
2016 n=312 84 (26.9) 228(73.1) 7 (8.7) 285(91.3) 12(3.8) 300(96.2)
2017 n=281 79 (28.1) 202 (71.9) 4 (12.1) 247 (87.9) 22(7.8) 259(92.2)
2018 n=245 75(30.6) 170 (69.4) 1(12.7) 214(87.3) 24(9.8) 221(90.2)
Shockable bystander-witnessed (EMS-witnessed excluded)
2016-2018 n=138 75(54.3) 63 (45.7) 65 (47.1) 73(52.9) 38(27.5) 100 (72.5)
2016 n=42 21 (50) 21(50) 331 29 (69) 9(214) 33(786)
2017 n=49 27 (55.1) 22 (44.9) 6 (53.1) 23(46.9) 11(22.4) 38(77.6)
2018 n=47 27 (57.4) 19 (404) 6 (55.3) 21(44.7) 18(38.3) 29(61.7)
Shockable bystander CPR (EMS-witnessed excluded) N=
2016-2018 83(50.3) 82 (49.7) 56 (33.9) 109 (66.1) 38(23.0) 127 (77)
2016 n=>58 23(39.7) 35(60.3) 14(24.1) 44 (75.9) 5(8.6) 53(914)
2017 n=50 28 (56.0) 22 (44) 18 (36) 32 (64) 12 (24.0) 38(76)
2018 n=57 32(56.1) 25(43.9) 24 (42.1) 33(57.9) 21(36.8) 36(63.2)
Non-shockable bystander-witnessed (EMS witnessed excluded)
2016-2018 n=318 61(19.2) 257 (80.8) 7(2.2) 311(97.8) 3(0.9) 315(99.1)
2016 n=108 3(21.3) 85(78.7) 2(1.9) 106 (98.1) 0(0.0) 108 (100)
2017 n=132 23(174) 109 (82.6) 5(3.8) 127 (96.2) 3(23) 129(97.7)
2018 n=78 5(19.2) 62 (79.5) 0(0.0) 78 (100) 0(0.0) 78 (100)

Table 4 Multivariate logistic regression analysis for survival to
hospital discharge in all EMS-treated OHCA cases

Variable OR 95CI p

Male sex 144 0.70-2.97 0.325
Age <80 296 1.18-7.41 0.020
Shockable rhythm 14.55 7.35-28.82 <0.001
Witnessed arrest 1.95 0.97-3.64 0.063
EMS departure to 218 1.19-4.01 0.012

scene <10 min

assumption [10]. In a study performed in Kaunas in 2007
[11], there were 43 CPR attempts per 100,000 persons per
year, and the occurrence of ventricular fibrillation/pulse-
less ventricular tachycardia (VE/pVT) was equal to 48%.
In our study the rate of shockable rhythm was 27.5%. The
higher OHCA incidence rate in Kaunas is assumed to be
because resuscitation is started more often because we
do not have a do-not-resuscitate order in Lithuania.

BLS teams should start CPR in all OHCA cases, except
when there are injuries incompatible with life or the pres-
ence of rigor mortis or lividity. Family members or other
bystanders often expect CPR even in futile OHCA cases.

Our study revealed that 54.5% of OHCA patients
received bystander CPR before EMS arrival. This is

in accordance with EuReCa TWO data (58%) [12] but
lower than the rate in other Northern European coun-
tries: Norway—80% [9], Denmark—80.6% [13] and
Sweden—68.2% [14]. Lower bystander CPR rates could
be related to a lack of national initiatives encouraging
CPR training and application in public. There is no CPR
training for schoolchildren or national AED program
in Lithuania. The first responder programme, “AED
ALERT’, was only implemented in 2019 and is only in
the Kaunas region. In 2016, there were only 5 AEDs
in public places in Kaunas with a link to the EMS. The
AED network in Kaunas only started to grow in 2018.
This is the main reason why only one person was suc-
cessfully defibrillated with an AED before EMS arrival
during the study.

In our study population, we found five factors related
to survival to hospital discharge, three of which were sta-
tistically significant in the multivariate model: shockable
rhythm, age <80 years, and EMS time to scene <10 min
(Table 4). All of them are well known from other stud-
ies [15, 16]. A study from 12 OHCA registries found that
an initial shockable rhythm had the strongest association
with survival to hospital discharge, and increasing patient
age and time to EMS assessment were consistently asso-
ciated with poorer survival. In addition, public loca-
tion, witnessed events and bystander defibrillation were
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consistently associated with improved odds of survival
[15]. Al-Dury et al. [16] also found that the most impor-
tant predictor of survival in OHCA is the initial rhythm,
followed by age, time to start of CPR, EMS response time
and place of OHCA.

Our study has revealed some systemic flaws in OHCA
care. Only 2.6% of OHCA patients received targeted tem-
perature management in the hospital. In contrast, CARE
reported that 45.5% of admitted patients received TTM
[4]. There was no standard post-resuscitation care pro-
tocol (including the use of TTM), even in hospitals with
24/7 percutaneous cardiac intervention (PCI) facilities
until recently.

We were also not able to report neurologic outcomes
according to the Utstein recommendations because none
of the discharged OHCA patients were evaluated using
the CPC or mRS. We presumed that patients discharged
to rehabilitation facilities (48.9%) had favourable neuro-
logic outcomes and patients discharged to nursing facili-
ties (most of them with tracheostomies, remaining in a
state of coma) had unfavourable neurologic outcomes
(12%).

Our study had several limitations, which appeared
only at the statistical analysis stage. We found a lack of
information about mechanical chest compression device
usage, which is probably associated with the EMS data-
base entry process. AED usage before ambulance arrival
is not clear for the same reason as stated for mechanical
chest compression device use. Regarding technical dif-
ficulties, we lacked some dispatch centre call recordings
for the period from May to December 2018.

Our study provides a baseline for future reference,
summarizing patient characteristics, processes and out-
comes for OHCA.

Conclusion

This study is a small step towards a national, population-
based CA registry that would allow systematic assess-
ment of the strengths and weaknesses of the chain of
survival in Lithuania.

Routine OHCA data collection and analysis will allow
us to track the efficacy of service improvements and
should become a standard practice in all Lithuanian
regions.
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Abstract: This study aims to evaluate the potential
usefulness of a novel artificial intelligence (AI)-based
video processing algorithm for rapidly activating
ambulance services (EMS) in unwitnessed out-of-hos-
pital cardiac arrest (OHCA) cases in public places. We
hypothesized that Al should activate EMS using public
surveillance cameras after detecting a person fallen
due to OHCA. We created an AI model based on our
experiment performed at the Lithuanian University of
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Introduction

ut-of-hospital cardiac arrest (OHCA) is a leading cause of death
m worldwide. Early intervention is essential for improving survival

rates. Rapid emergency medical service (EMS) activation critically
provides timely care to OHCA patients. Evolving research has indicated that
OHCA cases witnessed and resuscitated on-site by bystanders have shown
better results than unwitnessed and nonresuscitated cases.' This statement is
justified by the results from previous OHCA studies. OHCA cases must pri-
oritize minimizing the time without chest compressions, which has been
proven to be one of the most important factors in saving lives. However,
OHCA cases in public unwitnessed environments are less likely to survive.'
The increasing prevalence of CCTV surveillance systems in public locations
for safety purposes and threat detection through the advancements in video
camera technology have made Al-based public surveillance more adaptable.
Artificial intelligence (Al) is rapidly evolving and being implemented in
many industries. Synthesizing these concepts will recognize a promising
area that could benefit from implementing Al technology.

Methods

In this study, we hypothesized that Al should activate EMS after detecting
a fallen person due to OHCA through public surveillance cameras. There-
fore, Al can help shorten the time for chest compressions critical in OHCA
cases. Shortened time to chest compressions could result in better survival
and neurological outcomes in public unwitnessed cases. During OHCA indi-
vidual must come and check whether the fallen person is conscious and
breathing and, if not, call the EMS and begin chest compressions. All these
critical actions take considerable time.

To test our hypothesis, we created an Al model based on our experi-
ment performed at the Lithuanian University of health sciences, Kaunas,
Lithuania, in Spring 2023.

The study design was approved by the Regional bioethics committee
(2023-03-02 Nr. BE-2-6) and created by preparing the university corridor
and ensuring no outsiders could enter it during the experiment. We intro-
duced the study to healthy volunteers after they signed the informed con-
sent. No other data except participants’ gender, weight, and height were
collected. Subsequently, we instructed the participants to perform a fall
at a near and far distance from the camera in the corridor that was under
surveillance. We used the YOLOVS Al algorithm as a repository to train
our custom model (Fig 1). The YOLOvVS model was created for object
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recognition by Ultralytics, USA. All data was collected and stored in uni-
versity facilities.

Results

During the analysis stage, we examined the fall detection rate and the
factors affecting it. The following metrics were evaluated:

TP: Fallen person detected as fallen

FP: Not-fallen person detected as fallen
TN: Not-fallen not detected as fallen
FN: Fallen person not detected as fallen

1. Recall: Of all the data regarding fallen persons, how many were cor-
rectly detected by the model? This is also known as sensitivity and is
expressed as TP/(TP+FN). Our model has a recall value of 0.95, which
means that our model correctly detected 95% of the fallen person.

2. Precision: Of all the fallen persons detected by the model, how many
of them revealed ground truth? This was calculated by TP/(TP + FP)
with a precision value of 0.968.

3. F1 Score: Because recall and precision are competing metrics, both
metrics can be combined into a single one by the F1 score. It can be
calculated by 2*(Prec*Rec)/(Prec + Rec). The value of F1 ranges
between 0 and 1, which are the respective worst and best values.
Considering precision and recall values, the F1 score for the fall
detection model was 0.958.

4. Mean Average Precision: This is the most important and frequently
used detection evaluation metric. mAP encapsulates the tradeoff
between precision and recall and maximizes the effect of both met-
rics. The mAP value of our model was 0.978.

Further analysis revealed a correlation between the distance from the
camera and the recognition of a fallen person. In other words, the fall
detection precision increases as the object is closer to the camera, as
shown in Figure 2.

Discussion

Recently, several research articles have been published in the field of
fall detection. Based on the sensor technology developed to date, each
proposed system can be classified into two categories wearable- and cam-
era-based.” Fall detection systems based on wearable sensors are
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FIG 2. Correlation between distance from the Al-enabled video camera and the recognition of a
fallen person.

electronic devices that can be worn or placed on clothing. These sensors
can detect falls using various features, such as strain sensors’ and triaxial
accelerometers,’ and may include a manual help button. However, they
have limitations, such as requiring a power source, wearing it during daily
activities, and being ineffective if the person is unconscious after a fall.
Despite these limitations, wearable fall detection systems are commer-
cially available for detecting falls in the elderly population. Video-based’
systems offer a new solution for detecting falls without requiring interac-
tion or wearing sensors. It can track and identify various activities,
including falls, and send a signal with a short video clip to confirm the
fall event. According to existing literature, the median time to dispatcher
recognition of cardiac arrest, including bystander spontaneous cardiopul-
monary resuscitation (CPR), is 60 seconds. However, an automated Al-
based video system could potentially detect cardiac arrest within a few
seconds, thereby improving the likelihood of positive neurological
outcomes.’

This study evaluated the potential usefulness of a novel Al-based video
processing algorithm for rapidly activating the EMS in unwitnessed
OHCA cases in public places. Although the efficacy of virtual assistants
in the healthcare domain has been explored previously, no comparable
tool has been developed and effectively adopted for this purpose.

Recently, various technologies have been implemented and investi-
gated across the chain of survival, including prediction,’ prevention,
and rapid recognition of cardiac arrest.'” Further, various systems
enhance early CPR and defibrillation'' and predict resuscitation success.
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However, limited research has been conducted on OHCA fall detection,
and no universally accepted standard currently exists for comparison.
Therefore, an opportunity to investigate the development and testing of
models that could potentially prove beneficial is present.

Moreover, the global pandemic has decreased the willingness of layper-
sons to assist unresponsive individuals, perform chest compressions, or apply
automatic external defibrillators, as evidenced by a recent social media study
involving over 1300 respondents from 26 countries.'” Therefore, the need
for innovative and effective tools to aid the early detection and activation of
EMS in unwitnessed OHCA cases is more pressing than ever.

Autonomous monitoring systems are becoming increasingly prevalent
in healthcare. However, these systems have drawbacks, particularly
regarding security and privacy concerns. The data generated by these sys-
tems are security-sensitive and privacy-critical and thus require urgent
protection to prevent cyberattacks that could lead to physical or psycho-
logical harm and jeopardize the safety of individuals being monitored.
Furthermore, privacy measures must be prioritized when implementing
autonomous health-monitoring systems. The vulnerability level varies
depending on the type of sensor used. Vision-based sensors, for instance,
are more prone to privacy issues than wearable sensors such as acceler-
ometers. Therefore, if a system solely relies on wearable sensors, privacy
concerns are less critical than those associated with visual sensors.

Prioritizing security and privacy measures for autonomous monitoring
systems is crucial, particularly in the healthcare domain where sensitive
data is involved. This includes developing robust security protocols and
implementing appropriate privacy measures to protect the privacy and
safety of the individuals being monitored.

Our study had some limitations that must be considered when inter-
preting the results. First, the tests were conducted under simulated condi-
tions, which may not accurately reflect real-world scenarios.
Additionally, the convenience sample used in the study consisted of indi-
viduals who were currently studying or had completed higher education,
leading to a possible selection bias that could limit the generalizability of
the findings.

Furthermore, this pilot study is the first to use an Al-based video-proc-
essing algorithm to detect OHCA, which is still in the developmental
stage. Although the results suggest that the tool is promising, further
improvements in Al development and evaluation using a larger sample
are required. Our experiment focused on usability rather than comparing
this model with other types of assistance during cardiac arrest.
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In summary, although our hypothesis has some limitations, it high-
lights the potential benefits of Al-based surveillance cameras for rapidly
detecting OHCA. Further research is needed to assess the efficacy of this
technology in real-world scenarios and compare its effectiveness with
other forms of assistance during cardiac arrest.
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*** Duomenys pateikiami informacinés sistemos STAT.HLLT ***
Ataskaita: Mirusiy asmeny skaicius pagal diagnoziy grupes

Administraciné teritorija
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