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1 Uvod

Tato disertacni prace je komentovanym souborem publikovanych praci autora. Od
zahajeni Cinnosti simula¢ni laboratoie na 3. 1€katské fakult¢ (3. LF UK) Univerzity Karlovy
(UK) v roce 2020 bylo cilem pfipravit stabilni systém vzdélavani zdravotnickych pracovnikd,
jak v pregradualnim, tak i v postgradualnim vycviku. Paralelné s tim tym lektort simulacni
mediciny pfi Klinice anesteziologie a resuscitace Fakultni nemocnice Kralovské Vinohrady
a 3. LF UK zah3jil védeckou praci navdzanou na toto simulacni centrum. V disertacni praci
jsou uvedeny komentafe ke studiim, které cili i mimo zdi 1ékaiské fakulty, avSak v souladu
s cili autorova postgradudlniho studia. Cilem této prace je poskytnout ucelenou informaci

o pozadi simula¢niho vzdé€lavani v kontextu realizovanych vyzkumnych projekti.



2 Simulac¢ni medicina ve vzdélavani zdravotnika

2.1 Soucasné poznani

Ve stale vyvijejicim se zdravotnickém prostfedi je zajiSténi poskytovani kvalitni
zdravotni péce nutnosti (Issenberg et al. 1999). Nastupem medicinskych simulaci a vyuky
zalozené na simulaci v medicing se vyrazné zménily moznosti dosahovani bezpe¢né zdravotni
péce (Aebersold 2016). Simulace v medicinském vzdélavani oteviela nové vyzvy a moznosti
zdravotnického vzdelavani (Hegland et al. 2017), bezpecnosti a kvality poskytované péce

(Herrera-Aliaga and Estrada, 2022).

Simula¢ni medicina zdsadné zménila moznosti v 1ékaiském i nelékarském vzdélavani
(So et al. 2019; Khan, Pattison, Sherwood 2011 a). Historicky pohlizime na medicinskou
simulaci jako jednoduchy néstroj pro trénink technickych dovednosti, napt. komprese hrudniku
piiresuscitaci dospélych (Rosen 2008). Simulace dok4dZe modelovat ikomplexni,

multidisciplinarni situace vérné odrazejici klinickou realitu.

Simulac¢ni vyuka nabizi bezpecné prostiedi, ve kterém mohou zdravotnici zdokonalovat
své technické dovednosti (kardiopulmonalni resuscitace, kanylace cévniho fecisté, auskultacni
vySetfeni pacienta) (JB, VR 2004). Umoziuje vSak i pokrocily trénink netechnickych
dovednosti (role vedouciho tymu, asertivni komunikace, meziprofesni trénink). Medicinska
simulace dava pfilezitost ucit sezchyb, které jsou vbezpecném prostiedi,
jak pro pacienta (skute¢ny pacient neni pfitomen), tak pro Gcastnika (neni zatizen rizikem
poskozeni pacienta). Pro bezpe¢nou vyuku frekventantli pre — i postgradualniho vzdélavani
je podstatné uvodni sezndmeni se simulacnim prostiedim (vybaveni, dostupné prostiedky,

personalni obsazeni, limity simulac¢niho prostiedi) (Riviere et al. 2018).

Simulace nabizi moZnosti pro komplexni nacvik postuptll, jednoduchych manualnich
1 tymovych dovednosti (Jacobsen et al. 2009), vse tak pravdépodobné zlepsuje vysledky 1écby
pacient (Weller et al. 2008). Odborné znalosti je moZné zlepSovat bez potencidlniho poskozeni
pacientll (Smith et al. 2023). V perspektivé zkracujici se délky hospitalizace pacientt (Mir¢ et
al. 2017; Juan et al. 2006) sejevi simulace jako pfistupna alternativa bedside vyuky

zdravotnika.

Kromé toho, tato didaktickd metoda nasla vyznamné uplatnéni v oblasti bezpecnosti

a kvality péCe o pacienty, tak aby mohla byt mezikrokem mezi hypotézou a zménou klinickych



postupt (Grierson et al. 2019). Ackoli jsou vyhody simula¢ni mediciny patrné, je nutné kriticky

analyzovat jeji efektivni implementaci, omezeni a etické aspekty.

10



2.2 Simulace v perspektivé didaktiky v mediciné

Vyuzivani simula¢ni vyuky v mediciné na univerzitni urovni ptedstavuje prunik IT
technologii (simulatory) (Fraser et al. 2009), andragogiky (pozadi vyuky dospélych)
a psychologie. Simulace méni tradi¢ni pfistupy k frontdlni vyuce (pfednasky, seminare)
¢i zpusobu studia studenti ¢i zdravotnickych profesionalt. Simulace vytvareji zazitkové,
interaktivni,  a pfedevSim  na studenta zaméfené  prostiedi.  Simulacni  medicina
umoziuje studentim ziskat znalosti, dovednosti a postoje nezbytné pro kvalitni klinickou

praxi, kterd je zarovenl bezpecnd (Davies and Krame, 2024).
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2.3 Uloha simulaci pii zlep$ovani zdravotnickych dovednosti

Ptinos medicinskych simulaci spoc¢iva v poskytnuti bezrizikového, nebo alespon
nizkorizikového prostredi (Khan, Pattison, Sherwood 2011b). Premisou bezpecného vzdélavani

v simulacich jsou dv¢ ¢asti, kterou simulace zahrnuje.

e Bezpecnost technicka (elektricky proud, ostré predméty, pohyblivé vybaveni).
e Bezpectnost psychicka (beztrestnost chyby, diskrétnost lektord a dalsi) (Geraldine
Somerville et al. 2023).

Zasadni pro simula¢ni vzdélavani je okamzita zpétna vazba neboli debriefing (Cantrell
2008). Zpétna vazba je nezbytnou soucasti pro uceni a reflexi v redlném case. Studenti mohou
okamzité¢ zhodnotit svlij vykon, pochopit své sily, a naopak pochopit nedostatky a oblasti,
ve kterych se mohou déle zlepSovat (Levett-Jones and Lapkin, 2014). Smycka zpétné vazby
urychluje kiivku ueni a podporuje jej (Tremblay et al. 2019). V ramci debriefingu je vzdy
soucasti, jak debata nad moznostmi pro zlepseni, tak analyza spravné provedenych krokt. Tim

se dana kompetence, postup nebo znalost fixuje.

Uspéch simulaci zavisi na jejich vhodném zaélenéni do kurikula pregradualniho
¢i celozivotniho vzdélavani zdravotnika (Nuzhat et al. 2014; Cate et al. 2018). Poskytnuti
motivace a pochopeni vzdélavaciho konceptu je dilezity motivacéni bod pii uceni dospélych.
Toto je prvek, ktery spojuje jak pregradudlni, tak postgradualni vzdélavani a je zadsadnim
a definujicim bodem andragogiky (Bryan, Lewis 2021). Podstatné jsou informace
a charakteristiky pfichazejicich frekventantd, jako jejejich vzdélani, délka praxe a
typ pracovisté, ze kterého ptichazi. Tento prvek mize byt realizovan napft. dotaznikem

v obdobi pted kurzem, ¢i rozhovorem a diskusi nad ocekavanimi a cili kurzu.

Obtiznost feSenych simulaci by méla byt stupiiovita a adekvatni dosaZzenym znalostem
a dovednostem ucCastniki. Odchylka obéma sméry, kdy je simulace pfili§ jednoducha
¢1 naopak sloZita, ptispiva k frustraci ucastnikili (Fraser, Ayres and Sweller, 2015), ktera se dale

projevuje v celém pribéhu kurzu, ¢i dokonce dlouhodobém vzdélavani zdravotnikd.

S rostouct slozitosti systému zdravotni péce se zdlirazituje potieba efektivni spoluprace
mezi profesemi (sestry, oSetiovatelé, 1¢kari, zachranafi, dalsi technické profese) (Klipfel et al.
2011). Simulace umoznuje trénovat tymové scénare, v nichZ mohou studenti z riiznych
zdravotnickych oborli spolupracovat pfifeSeni simulovanych udalosti, coz zlepSuje jejich
dovednosti v oblasti spole¢ného rozhodovani mezi danymi odbornostmi (Jacobsen et al., 2009;

S. Sharma et al., 2011). Na aurovni jednotlivce se lze zlepSovat a tim budovat komunikacni

12



dovednosti mezi zdravotnikem a pacientem, napfi. pii simulovanych scénafich s herci tzv.

standardizovanymi pacienty (Howley et al. 2008).
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2.4 Vzdélavani zdravotnikl, nabyti kompetenci, a pfiprava programil k jejich
nabyti

Uloha simulace ve vyuce mediciny spo&iva v oblasti hodnoceni a postupného nabyvani
kompetenci na zéklad¢ pfedchoziho tréninku (Stoffman 2022). Kompetence je dovednost nebo
schopnost jednotlivce ¢i skupiny provadét jednotlivé tikony, jak v rdmci diagnostiky, terapie
nebo komunikace s pacientem a jeho rodinou. Jednim ze soucasnych trendl ve vyuce mediciny
je ,,competence-based medical education (CBME). Metoda CBME spociva ve vycviku,
testovani, ovéfovani, a nakonec udéleni jednotlivych kompetenci (vySetfeni, terapeuticka
metoda, soubor postupit). Tradicni metody hodnoceni vyuky totiz ¢asto selhavaji pti hodnoceni
klinickych dovednosti, rozhodovacich schopnosti a tymové interakce. Z tohoto diivodu ¢im dal
Castéji je simulacni vyuka metodou volby (Competence based education and training:
background and origins 2005). Simulaéni vycvik se stal (diky bezpeénému a realistickému
prostfedi) dilezitym ndstrojem pro ziskdvani arozvoj kompetenci nejen v Iékaiském, ale
i nelékaiském vzdélavani (,,Competence based education and training: background and

origins®, 2005).
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3 Preventivni potencial simula¢niho vzdélavani

3.1 Prevence chyby v mediciné a prace s chybou

Medicinské chyby jsou definovany jako preventabilni nezadouci udalosti, jez pacienta
poskozuji (Reason 2000). Zavaznost medicinskych chyb se pohybuje od drobnych odchylek od
standardu péce az po zdvazna pochybeni, ktera maji za nasledek trvalé poskozeni zdravi nebo
dokonce smrt (Leape 1994). Ve Spojenych statech americkych je preventabilni medicinska
chyba stile tfeti nejCastéjsi pficinou smrti ve zdravotnim systému (Makary, Daniel 2016).
pacienta (James 2013). Analyzu pficin, disledki a metod prevence medicinskych chyb,
lze v kontextu simulace pieformulovat do tréninku, ktery zvySuje bezpecnost pacientil

a promité se do vysledkil zdravotni péce (Bates 2007).

Medicinské chyby vznikaji na zdkladé€ nejriizngjsich faktor, které spolu €asto souviseji
(Schwappach 2014). K témto chybam muze dojit v disledku unavy, stresu, nedostate¢ného
vzdélani nebo prostého prehlédnuti okolnosti (Baker et al., 2004; Soop et al., 2009; Zegers et
al., 2009). Efektivni komunikace je ve zdravotnictvi zasadni pro kvalitu poskytované
péce (Suter et al. 2009). Chybna a neefektivni komunikace mezi zdravotniky, nebo mezi
zdravotniky a pacienty, muZze vést ke sniZzeni dostupnosti informaci o zdravotnim stavu
(Ross and Lin, 2003). K chybam mohou pfispivat systémové problémy ve zdravotnickych
zatizenich, jako nedostatek persondlu, nedostate¢né vybaveni nebo nedostate¢né nastaveni

pracovnich procesii (Wittich, Burkle, Lanier 2014; Taib et al. 2011).

ZdravotniCti pracovnici potfebuji pravidelnd Skoleni, aby byli obeznameni
s nejnovejSimi  zdravotnickymi postupy anormami. Nedostate¢né vzdélavani mulize mit
za nasledek udrzovani zastaralych ¢i nespravnych postupti, coz zvySuje riziko chyb (Aggarwal
et al. 2010). Simulaéni programy mohou nabyvat vyznamu pro udrZeni a rozSifovani

kompetenci a prevenci chyb (Lamé, Dixon-Woods 2020).

Zdravotnici, ktefi se dostanou do kontaktu s medicinskou chybou, Casto zaZivaji zna¢ny
psychicky stres. Ten se miiZe projevovat jako pocit viny, uzkosti, deprese a v zadvaznych
ptipadech posttraumaticka stresova porucha (PTSD), s t€émito ptipady je nutné pracovat dal
(Wald 2020). Tento jev se oznacuje jako efekt "druhé obéti", kdy zdravotnici, po takové chybé,

mohou prozivat vySe zminované, stavy velmi nepiijemné. Velmi dilezity je trénink vedoucich
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pracovniki, aby mohli tyto situace analyzovat a poskytovat podporu zucastnénym (Lane et al.

2018).

Pro prevenci medicinské chyby je taktéz podstatna efektivni komunikace v rdmci
zdravotnickych tymu, mezi zdravotniky a pacienty. Dilezité je zavedeni standardizovanych
komunikacnich protokolt, jako je naptfiklad SBAR (Situation, Background, Assessment,
Recomentation) (Miiller et al. 2018). Tyto protokoly mohou pomoci =zajistit jasnou
a konzistentni vyménu informaci (Lancaster, Westphal, Jambunathan 2015). Vhodna je také
systétmova podpora oteviené komunikace a vytvofeni prostiedi (napf. peer-to-peer,
psychologické supervize) (Hudson et al. 2011), ve kterém se zdravotni¢ti profesiondlové neboji

pfiznat chybu (Brattebg, Flaatten 2023).
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3.2 Netechnické dovednosti — jejich trénink a hodnoceni

Netechnické dovednosti jsou kognitivni, socialni a osobni dovednosti, které¢ dopliuji technické
dovednosti a pfispivaji k bezpecnému a efektivnimu plnéni ukoli ve zdravotnickych
systémech. V systému zdravotni péce se stale vice ukazuje, Ze efektivita zdravotnickych
pracovnikl je kombinaci technickych dovednosti, znalosti, etickych postoju a netechnickych
dovednosti (non-technical skills / NTS) (Gordon, Darbyshire, Baker 2012). Tyto NTS, byvaji
¢lenény na tyto domény (Flin and Maran, 2004a; B. Sharma et al., 2011): komunikaci, tymovou
spolupraci, rozhodovéani a vedeni. Navzdory tomu, ze NTS hraji zésadni roli v poskytovani
zdravotnich sluzeb, jsou ve vzdélavani zdravotnikii ¢asto odsouvany do pozadi a jsou zastinény

diirazem na ziskdvani technickych a proceduralnich dovednosti.

Spokojenost pacientll se zdravotni péci byva nejcastéji spociva v kvalitni a efektivni
komunikaci se zdravotniky (Touati et al. 2022). ZvySeny stres vyzaduje precizni komunikaci,
zejména pak pii klinické praci s vysokym rizikem medicinské chyby jako je v prednemocniéni
neodkladné péci, na urgentnich piijmech ¢i jednotkéach intenzivni péce.(Flin and Maran, 2004).

Na toto specifické prostiedi cili i1 tato disertacni prace.

Rozvoj NTS u zdravotnickych pracovnikii vyZaduje inovativni vzdélavaci strategie.
Jako UCinny néstroj se vtomto ohledu ukazal vycvik zaloZzeny na simulaci, ktery nabizi
bezpecné a kontrolované prostiedi sjasné¢ definovanymi cili (Gordon et al. 2015).
Prostfednictvim hrani roli ve vysoce vérnych simulacich (high-fidelity), C¢inaptiklad
komunikace ve slozitych medicinskych situacich (sdélovani neptiznivych zprav a dalsi), si
tak mohou Ucastnici vzdélavani vyzkousSet realistické klinické scénaie, a tim si, kontextove
relevantnim zpiisobem, zlepsSit své NTS. Toto zazitkové uceni je doplnéno inter-profesnim
vzdélavanim, které podporuje tymovou spolupraci a komunikaci mezi riznymi zdravotnickymi

profesionaly (lékafi, sestry, zdchranafi, fyzioterapeuti).

Okruhy NTS hodnocené verifikovanymi Skalami jsou nejcasté;ji:

e Vedeni aorganizace: zaméfuje se na hodnoceni vedouciho tymu, jeho komunikaci
smérem k dal$im Clentim, rozdé€leni tkoll, kontrolu jejich realizace a pozici autority.

e Spoluprace a tymova prace: rozlozeni ukold mezi ¢leny tymu, jejich nacasovani,
pfedani informaci o jejich prabéhu, dale pak feSeni konflikti, ¢i ndzorovych rozport,

porozumeéni potfebam tymu, podpora tymu a v neposledni fad€ planovani.
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e ReSeni ukoli: zhodnoceni rizik a prace s nimi, hledani alternativnich mozZnosti,
zhodnoceni dokonceni ukolu.
e Situacni povédomi: sdileni informaci, kontrolazmén situace, pochopeni kapacity

povédomi, anticipace dalSich akei.

Hodnoceni NTS piedstavuje ndro¢nou oblast, zavislou na kontextu a subjektivnim
vnimani hodnotiteld. Obecné bylo vyvinuto a validovano nékolik takovych hodnoticich $kal
pro hodnoceni NTS ve zdravotnickych zafizenich a prednemocnicni péci lze uvést nasledujici

hodnotici skaly:

e TEAM (Team Emergency Assessment Measurement) (Cooper et al. 2010a)

e ANTS (Anaesthetists' Non-Technical Skills) (Flin et al. 2010)

e NOTECHS (Non-Technical Skills for Pilots adapted for Healthcare) (Flin, Maran
2004b)
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4 Vzdélavaci programy a didaktika

4.1 Implementace simulace do vzdélavani zdravotniki

Zaposlednich 30let se celosvétoveé rozsifila simulacni centra pro vzd€lavani
zdravotnikt. V Ceské republice tento rozvoj zaznamenavame v poslednim desetileti. Jedna
se o programy vybudovani infrastruktury vzdélavacich center, a s tim spojenych samotnych
simula¢nich programi a vyuky lektord simula¢ni mediciny (tzv. train-the-trainer programy).
Simula¢ni medicina je dominantn€ navazdna na na lékafské a zdravotnické fakulty,
zdravotnické zachranné sluzby. Simulani workshopy ¢i kurzy se dostavaji do povédomi
odbornych spole¢nosti. V soucasné dob¢ je jiz obsahem specializacniho vzdélavani v ramci
oboru Anesteziologie a intenzivni medicina povinny 16hodinovy simulac¢ni trénink
(Véstnik 2019, Podle zakona ¢. 95/2004 Sb.). V zahrani¢ni vSak vidime trend k pravidelnému

a systematickému simula¢niho tréninku v pribéhu celého profesniho Zivota.

19



4.2 Simulace na pudé 3. lékarské fakulty Univerzity Karlovy

V ramci pregradualniho vzdélavani se podaiilo na 3. LF UK formovat simula¢ni vyuku
jiz od prvniho ro¢niku vSeobecného Iékaistvi, kdy si studenti mohou ve vérnych simulacich
osvojit zéklady prvni pomoci. Tento kurz je v soucasné podobé povinny od roku 2019
pro vSechny studenty oboru v§eobecné 1ékarstvi a vSeobecna sestra, a to v ceském 1 anglickém
kurikulu. K tomuto kurzu je vytvoien program vzdélavani lektorti a pomocnych maskéri
(volitelny pfedmét pro 2. a 3. ro¢nik). Tyto predméty a vzdélavani tak buduji unikétni peer to

peer model, kdy se studenti vyucuji navzajem.

Predmétem, ve kterém  byla simulacni  vyuka nejvice  implementovana jsou
»Neodkladné stavy v resuscitacni péci“. Tento pfedmét je dlouhodobé nejlépe hodnocenym
pfedmétem 5. ro€niku v§eobecného 1€katstvi. Zde je aplikovan model obracené tfidy (Morgan
et al. 2015), kdy maji studenti pfedem uréené materialy ke samostudiu. Déale musi vypliovat
prabézné testy pred jednotlivymi vyukovymi jednotkami. Tento model slouzi k tomu,
ze za pomérné kratkou dobu (1 tyden), jsou studenti schopni vstiebat velké mnozstvi zkusenosti
pfedevS§im v simulacich ataké napf. ve skupinovych projektech. Zavérem studenty
provétuje zkouska ve formatu OSCE (Objective Clinical Skill Examination), kde studenti
prochdzi teoretickymi testy, komentovanou kazuistikou a zkouskovym simula¢nim scénarem.
Je vsak tireba poznamenat, Ze tento zplisob vyuky zaloZzeny na simulaci a OSCE zkousSeni

je velmi personalné narocné.

Simula¢ni centrum 3.LF UK je v souasné dob¢é vyuzivané i pro postgradudlni
a specializacni vyuku. Probihaji zde pravidelnd Skoleni Kliniky anesteziologie a resuscitace
¢1 Urgentniho pifijmu Fakultni nemocnice Kralovské Vinohrady. V ramci specializa¢niho
vzdélavani je realizovan kurz Simulace kritickych stavli oboru Anesteziologie a intenzivni

medicina.
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4.3 Simulace a zdravotnické zachranné sluzby v CR

V Ceské republice dle soucasné legislativy (Zakon &. 374/2011 Sb., o zdravotnické
zachranné sluzbe) jenutné vramci jednotlivych krajskych organizaci zdravotnickych
zachrannych sluzeb mit ziizeno vzdé€lavaci a vycvikové stfedisko, které zajistuje pribeézné
a kontinualni vzdélavani zaméstnanct v klinickém provozu prednemocni¢ni neodkladné péce
(PNP). Recentni dramaticky rozvoj simulacni mediciny v PNP byl podpofen Evropskymi

dotacemi z integrovanych regionalnich operacnich programu.
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4.4 Simulace v ramci certifikovanych kurzi

V Ceské republice existuji certifikované kurzy garantované eskymi i zahraniénimi
odbornymi spole¢nostmi. Tyto kurzy byly adaptovany v ¢eském prostiedi dle doporuceni
Evropskeé resuscitacni rady. Systém tohoto vzdélavani je stupniovity. Na zacatku stoji ucastnik,
ktery si miize vybrat z palety kurzl resuscitace, péce o détské pacienty nebo noborozence. Dale
tato organizace zastfeSuje vybér (instructor potential) a vzdélavani lektorti (instructor
candidate) pro tyto kurzu a ma vnitini struktury, spojenou s organizaci a ur¢enimvedoucich
kurzi (course director). Déle je mozné na v Ceské republice absolvovat certifikované kurzy,
které nepochazeji z Evropy (PHTLS — Prehospital Trauma Life Support a Advanced Trauma
Life Support a dalsi). Zakladem téchto kurzl je strukturovand vyuka, simulaéni pfistupy a
bezprostiedni praktické vyuziti nejen lékafi, ale také zdravotnickymi zdchranafi a dal§imi

zdravotniky.

Dal§i mozZnosti, jak se zapojit do simulaéni vyuky, jsou kurzy poradané Ustavem
simulacni mediciny Lékaiské fakulty Masarykovy Univerzity. Tyto kurzy jsou realizovany
v ramci simulaéniho centra SIMU v Brné, které je jednim z nejvétSich na svété. Zde je paleta
kurzu velmi Sirokd — prednemocni¢ni péce, oSetfovatelskd péce, ¢i konkrétni lékatské
dovednosti. Ostatni lékatské a zdravotnické fakulty napti¢ Ceskou republikou vyviji snahu

nabidnout alesponi ¢ast z vySe zminéného.
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4.5 Budouci sméry a vyzvy simula¢ni mediciny

Zdokonalovani metodik hodnoceni a zvySovani relevance a spolehlivosti hodnoticich
skal a postupt je stale vyvijejici se oblast simulace v mediciné (Ayaz, Ismail 2022). V soucasné
dobé lze v simula¢ni medicin€ extenzivné vyuzivat moderni informacni technologie v¢. umélé
inteligence prakticky ve vSech oblastech od tvorby vyukovych materialt, ovlddani scénéit az

po testovani znalosti (Park, Tiefenbach, Demetriades 2022; Winkler-Schwartz et al. 2019).

Sir§i zavadéni simulaci brzdi vysoké pofizovaci a provozni niklady i personalni
naro¢nost (Maloney, Haines 2016). Navic pro lektory, této personalné naroc¢né discipliny,
je nutné trvale zajiStovat priabézné vzdélavani (train-the-trainers programy), tak abychom
zajistili standardizovanou a strukturovanou a up-to-date vyuku.

Kromé ekonomickych, technickych a personalnich aspektt pretrvava vyzva v podobé
spravného zatfazeni medicinské simulace do S§irStho a spravné zmapovaného kurikula
vzdélavani zdravotnickych profesionald, aby simulace byla jako pedagogicky néstroj

maximalné didakticky G¢inna. (Ahmed et al. 2022).
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5 Komentat  kestudii  —  VIivosobnich  ochrannych

pomiucek v simulované krizi

5.1 Pozadi studie

V pocatku pandemie onemocnéni virem COVID-19 nebylo ziejmé, jak muze byt
infekce zavazna. Z tohoto diivodu panovaly pochybnosti o nezbytné mife stupné pouzivanych
osobnich ochrannych pracovnich pomicek (Personal Protective Equipment / PPE). V praxi dle
tehdej$iho doporuceni Stitniho zdravotniho ustavu (SZU) byla mira PPE, zejména na
jednotkach intenzivni péce vyznamné piisn¢jSi nez standard dle Svétové zdravotnické
organizace (WHO) pro aerosoly §ifici se onemocnéni. Doporuéeni SZU pramenilo z nejistoty
o povaze a chovani viru v za¢atku pandemie (‘Bezpecné pouzivani osobnich ochrannych
prostredktt (OOP) pfti poskytovani ltizkové zdravotni péce pacientim s COVID-19’, 2020).
Toto nastaveni (celotélovy oblek, tfi vrstvy rukavic, respirator FFP3 a obliCejovy S§tit)
vSak miize byt velmi fyzicky i psychicky zatézujici (Tabah et al., 2020; Galanis et al., 2021).
Manudlni zru¢nost zdravotnik mohla byt kvili t¢émto pomickam snizena (Ruskin et al. 2021;
Jen et al. 2021a). Naproti tomu standard Svétové zdravotnické organizace (WHO) (Technical
specifications of personal protective equipment for COVID-19, 2020) osobnich ochrannych
pomiucek pro aerosoly generujici procesy byl vyznamné redukovany oproti bézné uzivanému
standardu. Obsahoval respirator, plast, jednu vrstvu rukavic a osobni obli¢ejovy §tit (podrobny
popis viz P¥iloha 1). Tento standard byl v Ceské republice az nasledné doporudovan Statnim

zdravotnim ustavem a pfijat do klinické praxe.

Cilem studie bylo zhodnoceni vlivu téchto dvou Grovni nastaveni PPE na simulovanou
krizovou situaci. Hodnoceni probihalo ve tiech hlavnich oblastech — netechnické dovednosti,

kvalita resuscitace a fyziologické funkce ticastnik.
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5.2 Metodika

Jednalo se o simulacni, randomizovanou studii. Do studie bylo rekrutovano celkem
22 lékait a 44 sester. Tym se vzdy skladal z jednoho I€kate a dvou sester, nahodné ptifazenych
do tymu. VSichni ucastnici studie méli praxi spojenou s péci o pacienty s COVID-19 a pracovni
zkusenost na jednotkach intenzivni pé¢e — JIP (Intensive Care Unit/ ICU). Utastnici prosli
zékladnim testovacim scénaifem bez osobnich ochrannych pomtcek, kde si vyzkouseli

simulovan¢ prostiedi, seznamili se simuladtorem a naucili se pouzivat dostupné vybaveni.

Trojc¢lenné tymy ucastnikd byly randomizovany v poméru 1:1 do dvou skupin SSS-PPE
(Super Safe Set-up) (n = 11) a WHO-PPE (World Health Organization Set-up) (n = 11). Pted
a po simulaci byly méteny vitalni hodnoty vSech Gcastnikli. Samotné simulace méla technikem
fizeny scénaf. Tématem scénafe byla hypoxicka ndhla zéstava ob¢hu u pacienta po dislokaci
endotrachedlni kanyly. Scénaf trval 10 minut a jeho pribéh nebyl variabilni. Béhem simulace
bylo hodnotitelem vyplnéno TEAM skoére (Team Emergency Assessment Measurement). Po

simulaci bylo dopInéno souhrnné subjektivni hodnoceni tc¢astnika tymu (viz Ptiloha 1).
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Lékafi a sestry (n = 66)
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|

SIMULACE 1 - testovaci scénaf — bez PPE (n = 22)

Randomizace 1:1

SSS-PPE (Super safe set-up — personal WHO-PPE (minimalni poZzadované
protective equipment) (n=11)) vybaveni pro postupy generujici
aerosol dle WHO) (n=11)
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h J A J

SIMULACE 2 v PPE (SSS/WHO) - hodnoceni TEAM skore, report ze simulace

Obr. 1 VIiv osobnich ochrannych pomiicek v simulované krizi — study-flow diagram.
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Meéreni:

e Netechnické dovednosti (NTS)

Primarnim vysledkem byla vykonnost tymu hodnocend pomoci TEAM skoére (viz
metodika studie popsana v Suplementary data Ptilohy 1). Jedna se o validovanou stupnici,
na které hodnotitel udéluje od 0 (nikdy nepozorovano) do 4 (pozorovano vzdy) bodl v kazdém
z 11 parametra, které popisuji postoje, postupy a chovani tymu (Cooper et al. 2010b). Nasledné
bylo udéleno globalni skore (1 — 10 bodit) a doplnéno sectené skore z jednotlivych polozek jako
tzv. total score. Detailni popis skérovaciho systému je uvedeno v piiloze ¢. 1. VSechna bodova
hodnoceni provadél vzdy proskoleny pozorovatel, seznameny s timto hodnocenim au 4
nahodné vybranych scénditi byla ovéfena nizkd variabilita mezi hodnotiteli (Posner et al.

1990).

e Kwvalita a prubéh KPR

Sekundarnimi vysledky byly objektivni ukazatele kvality a ¢asového prabéhu KPR.
Index celkové kvality resuscitace (%) analyzovany simula¢nim softwarem Laerdal (LLEAP,
2014, verze 7.3.0/zimni 2021). Samostatn€ byly hodnoceny jednotlivé ¢asy provedeni vykonl
béhem KPR: rozpoznani zéstavy (Casod zastavy ob&hu do prvni komprese hrudniku),
¢as do prvni efektivni ventilace, Cas do zajisténi dychacich cest (umisténi endotrachealni

kanyly) a doba do podani prvniho adrenalinu.

e Fyziologické hodnoty ucastniku

Byly méfeny zmény fyziologickych hodnot clenii resuscitacniho tymu: saturace
kyslikem (Sp0O2%), srdecni frekvence (TF/min) a télesné teploty u zachrancii (°C). Kompletni

detaily méfeni jsou uvedené v Ptiloze 1.
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5.3 Vysledky

Extendované osobni ochranné prostiedky (SSS-PPE) nad ramec standardnich
doporuceni dle WHO (WHO-PPE) vedly k celkové horSimu vykonu v ramci NTS béhem
simulované krize v intenzivni péci (viz obr. 2 - Vysledky TEAM skore u PPE (Personal
Protective Equipment) studie).

Navzdory zhorSeni tymové dynamiky nebyly zjistény zadné vyznamné rozdily v
rozpoznani srde¢ni zastavy nebo parametrech kvality KPR (viz obr. 3 - Kaplan-Meierovy kiivky

technického provedeni KPR v simulované krizi). Fyziologické hodnoty zachrancti nebyly

ovlivnény vyuzitim PPE.
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atd | l Vedouci tymu informoval tym o tom, co se od nich
ocekava prostfednictvim smérovani a veleni.
Q2 - 1 Vedouci tymu udrZoval nahled nad situaci.
Q3 - —leo— | Tym efektivné komunikoval. I
Q4 - H-@— | Tym spolupracoval na v€asném plnéni ukold. I
Qs - | | Tym jednal s rozvahou a kontrolou. I
a6l e I Nalada v tymu byla pozitivni. I
Tym se pfizpusoboval ménicim se situacim.
Q74 +H@—
Qs - o I Tym sledoval a znovu posuzoval situaci. I
Qo - —@— | Tym ptedvidal mozné ukony. I
Q104 He— I Tym prioritizoval koly. I
Q11 - O I Tym dodrzoval platna doporuceni. I
Globalni skore H —&—
Celkove TEAM skore 5 I @ |
Sebehodnoceni |  H@—
0.0 25 5.0 7.5 10.0

Obr. 2 Vysledky TEAM skore u PPE studie.
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Obr. 3 Kaplan-Meierovy k¥ivky technického provedeni KPR v simulované krizi (anglicky).
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5.4 Diskuse

V této prospektivni randomizované studii byl pozorovan vliv vyssiho stupn¢ PPE (SSS)
na zhorseni NTS ptedevsim kvtli horSimu vykonu ve slozitych tkolech, jako je pfehodnoceni
situace a ptredvidani moznych akci. Vyssi stupet PPE jiz nemél dopad na kvantitativni

parametry kvality provadéné KPR, ani na fyziologické funkce zachranci.

Scénafe nahlé zastavy ob¢hu jsou obvykle dobie nacvicené, sjasnymi kroky dle
doporuceni (Soar et al. 2021). Tento fakt mohl zmirnit negativni u¢inky navySovani stupné
osobnich ochrannych prosttedkti na vykon tymu, coz mohlo zachytit skore TEAM (Cooper et
al. 2010a). Skore TEAM, navrzené pro hodnoceni netechnickych dovednosti tymi,
pravdépodobné odrdzelo komunikaéni problémy, které ptedstavuje pouzivani respiratoru,
chirurgickych masek a obli¢ejovych §titl. Tyto pomicky mohou branit verbalni a neverbalni
interakci. Tymy ovSem mohou tyto piekdzky kompenzovat zvySenym soustfedénim

a pozornosti.

Spory ohledné vlivu osobnich ochrannych pomiicek na objektivni ukazatele kvality
a zrucnost zlstavaji v literatufe nevyteSeny (Hillinger et al. 2024). Nékteré studie poukazuji
na zhorSeni podminek pro manuélni dovednosti (Jen et al. 2021b). Jiné studie rozdil v kvalité

KPR nezjistily (Cui, Jiang; Rauch et al. 2021).

Plosna doporuceni dle modifikovanych pokynti Evropské rady pro resuscitaci
pro pacienty s podezienim nebo s potvrzenym onemocnénim COVID (European Resuscitation
Council COVID-19 Guidelines 2020) usiluji o vyvaZeni bezpecnosti a t¢innosti b&hem
resuscitace. Zdiraziiuji ochranu zachrancl, zejména béhem postupt vytvarejicich aerosol

(zajiSténi dychacich cest, komprese hrudniku a dalsi).

Studie nezjistila rozdily ve fyziologickych hodnotach u zdravotnickych pracovnikl
v tomto kratkodobém kontextu. Sestry na jednotkidch intenzivni péfe obvykle pracovaly
v delsich sménach, a pfitom pouzivaly osobni ochranné prostiedky. Je pravdépodobné,
ze navySovani miry osobni ochranné prostiedkli by tak mohlo piedstavovat zatéz, ktera by
mohla zvysit inavu, ovlivnit individudlni vykonnost a dale netechnické dovednosti v kontextu

déletrvajici pracovni zatéze.
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5.5 Zavér

Za vyuziti simulacni mediciny bylo zjisténo, ze vyssi stupeit PPE vede ke zhorSeni NTS
béhem simulované krize. Vyssi stupet PPE nevede pii extendovanych osobnich prostiedcich

ke zhorseni celkové kvality kardiopulmonalni resuscitace.
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6 Komentar ke studii — Podavani sufentanilu nelékatskymi

zdravotnickymi pracovniky bez konzultace 1€kate

6.1 Pozadi studie

Kvalitni a bezpe¢na 1écba bolesti je standardem (Visser et al. 2017), ktery je zvlasté
dalezity v ramci PNP poskytované zdravotnickymi zachrannymi sluzbami (ZZS). Vzdélavani
zdravotnik zalozené na CBME piimo souvisi s u¢innosti a efektivitou poskytovani PNP.
V Ceské republice, podobné jako v mnoha evropskych zemich, se systém PNP historicky opira
o lékate, coz je praxe hluboce zakotenénd v tradi¢nich franko-néméckych modelech zdravotni
péce (Timmermann, Russo and Hollmann, 2008; Seblovaet al., 2018). Kompetence
vyjezdovych skupin zdravotnickych zachranari bez 1ékare, které tvoti obecné ustiedni pracovni
¢lanek ZZS, jsou vsak definovany pravnimi normami a ve svété se znac¢né lisi (Wilson et al.

2015).

Vramci Ceské ZZS nemaji zdravotni€ti zachranafi tradién€ oprédvnéni podévat
analgetickou medikaci samostatné, bez pfimého dohledu nebo telefonického vedeni lékate
Z7S. Toto ustanoveni, dané zdravotnickou legislativou (55/2011 Sb. Vyhlaska o Cinnostech
zdravotnickych pracovnikl a jinych odbornych pracovnikll), se stava stale tizivéj$im kvili
stupniujicimu se nedostatku 1ékatt v pfednemocniéni péci, ktery je zpiisoben personalnimi
a ekonomickymi omezenimi. V dasledku toho dochédzi k emergentnimu posunu smeérem
ke zvySovani a rozSifovani kompetenci zdravotnickych zachranari. K témto podminkam
pfispivd pravni ustanoveni umoznujici organizacim delegovat na zdravotnické zachranare
konkrétni pravomoci v rdmci standardnich pracovnich protokold pro rutinni postupy v presné

vymezenych situacich.

Cile této studie bylo vytvofit standardizovany a vysoce protokolizovany postup

pro zdravotnické zachranare a ovétit jeho pouziti a bezpecnost.
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6.2 Metodika

Uvodni priizkum zaméfeny na 1é¢bu akutni bolesti souvisejici s Girazem byl proveden
dotaznikovym Setfenim mezi zachranaii Zdravotnické zdchranné sluzby Karlovarského kraje.
Setteni piineslo vysokou miru navratnosti odpovédi (81 %, odpovédélo 95 ze 115 uéastniki).
Poznatky z prizkumu ukazaly, ze vyznamna vétSina zdravotnickych zachranait (80 %, n = 76)
povazuje za zdsadni mit kompetence k podani sufentanilu v nepfitomnosti 1ékare.
Pro nacvik bylo nutné pfipravit simulacni kurz, kde zdravotni¢ti zachranaii mohli trénovat
praktické pouziti sufentanilu v protokolarni indikaci. V reakci na vyse zminény prizkum byl
vytvoten dobrovolny skolici program, kterého se nasledné rozhodlo zucastnit 39 zdravotnik.

Tento kurz dokon¢ili vSichni pfihlaSeni ucastnici.

U tucastnikl byly zaznamendny demografické udaje, vék a pohlavi, profesni zkuSenosti
a vzdélani, které¢ bylo rozliseno podle trovné vysokoskolského nebo vyssiho odborného.
Pfipravnd faze programu zahrnovala e-learningovy modul zaméfeny na farmakologické
vlastnosti sufentanilu, jeho klinické pouziti a specifickd indika¢ni kritéria. Déle bylo detailné
vysvétleno pouziti v pfipadech akutniho traumatu u dospélého pacienta, ob&hové stabilniho a
zcela pii v€domi (definice viz pfiloha ¢.2). Samotny kurz spocival ve ctythodinovém
praktickém vycviku metodami simula¢ni mediciny. Simulace byly navrZeny tak, aby odrazely
scénaie z realného klinického provozu. Zduraziovaly dilezitost spravného davkovani 1éku,
identifikaci akutni traumatické bolesti u dospé€lych. Dulezité bylo rozpoznani a zvladani
potencialnich nezadoucich ucinki, zejména utlumu dechu. Na zékladé té€chto kritérii mohli
zachranafi s piidélenou kompetenci protokolarné podavat sufentanil. Ugastnici byli vyskoleni
v titraci intravendzné¢ podavaného sufentanilu postupné po 5 mikrogramech, pfi¢emz
maximalni pfipustna intravenozni davka v ramci jejich kompetenci
byla omezena na 20 mikrogramii. Zavérecné hodnoceni kompetenci zdravotnikli zahrnovalo
komplexni hodnoceni trojici Iékaii — anesteziologli pisobicich na ZZS. Toto hodnoceni
zahrnovalo Sest simulovanych akutnich situaci, praktickou zkousku techniky ventilace pomoci
samorozpinaciho vaku a oblicejové masky. Nakonec slozenim pisemné zkouSku zamétené
na oveéfeni znalosti o vedlejSich u€incich, vhodnych indika¢nich kritériich a davkovani

pfi podavani sufentanilu.

Nésledné probéhla analyza v Sestimési¢nim obdobi v redlném provozu. Analyza
srovnavala atributy a bezpe€nost podani sufentanilu zachranafi s kompetenci k jeho podani
(skupina Kompetence). Tato skupina byla porovnana se skupinou, kdy byl sufentanil podén u

piipadii akutniho traumatu zachranafem na misté (bez kompetence k podani sufentanilu) po
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telefonické konzultaci s indikujicim lékafem (skupina Konzultace). Sledovany byly hlavné
nezadouci ucinky a jejich feSeni. Déle byl sledovan efekt analgetické terapie, ato pomoci

redukce bodového ohodnoceni na skéle bolesti Numeric Rating Scale (NRS).
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6.3 Vysledky

Béhem studijniho obdobi podali zachranaii samostatné intraven6zné sufentanil 70
pacientim s akutnim traumatem (skupina Kompetence) a po telefonické konzultaci s Iékafem
88 pacientim ZZS (skupina Konzultace). . Primérnd davka podaného sufentanilu byla v obou

skupinéch srovnatelna (viz tab. €. 1).

Z hlediska hlaseni vyskytu nezadoucich uc¢inkli nebyla u zddné ze studijnich skupin
hlasena zastava dechu nebo bradypnoe, stejné¢ jako potieba kyslikové terapie po podani
sufentanilu. Vyskyt nevolnosti byl v obou skupinach stejny. Intravendzni antiemetika byla
pouzita méné Casto v konzultacni skuping (viz tab. ¢. 3). V obou skupinach doslo ke snizeni

bolesti v NRS bez statisticky vyznamného rozdilu mezi skupinami (viz tab. ¢. 2).
Podéavani opioidii zdravotnickym zachranafem nemélo statisticky ani klinicky vliv
na systolicky a diastolicky krevni tlak, srde¢ni frekvenci, periferni saturaci kyslikem

a dechovou aktivitu.

KONZULTACE KOMPETENCE
(n=88) (n=170)
Vék (roky) 64,6 (19,7) 65,7 (20,0) NS
Pohlavi (zeny) 61 (69 %) 39 (56 %) NS
NACA skore 2,5(0,5) 2,4 (0,5) NS
Trauma dolni koncetiny 57 (65 %) 35 (50 %)
Trauma horni konéetiny 23 (26 %) 22 (31 %) NS
Trauma trupu 8 (9 %) 13 (19 %)
Trauma hlavy 0 0 NS
Déavka sufentanilu (pg) 9,1(2,0) 9,4 (2,4) NS
Frakcionované podani 24 (27 %) 20 (29 %) NS
Ptidano neopioidni analgetikum 12 (14 %) 10 (13 %) NS

Tab. 1 Vysledky Studie Sufenta — zakladni charakteristika skupin, NS — nesignifikantni
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KONZULTACE KOMPETENCE
(n=88) (n=70)
Kompletni report NRS 23 (26 %) 60 (86 %) P <0.05
NRS redukce (pocet bodl) -3.2(1.2) -3.9 (1.8) NS
Inicialni NRS (pocet bodu) 6.4 (1.5) 7.9 (1.4) P <0.05

Tab. 2 Vysledky reportovani NRS (numeric rating scale) mezi skupinami KONZULTACE

vs. KOMPETENCE (data jsou prezentovana jako pocet (procento) nebo prumeér (smerodatnd

odchylka).

KONZULTACE KOMPETENCE

(n=88) (n=70)
Zastava dechu 0 0 NS
Bradypnoe 0 0 NS
Oxygenoterapie po podani sufentanilu 0 0
Nauzea 3(3%) 2 (3 %) NS
Zvraceni 0 4 (6 %) NS
Podani antiemetik 1(1%) 5(7 %) P <0,05

Tab. 3 Vysledky vyskytu nezadoucich uddalosti

vs. KOMPETENCE

mezi

skupinami KONZULTACE
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6.4 Diskuse

Tato studie potvrdila proveditelnost a bezpecnost ptidélovani novych kompetenci
na zakladé¢ simulac¢niho vycviku spojené¢ho s dislednym ovéfovanim znalosti a dovednosti.
Zjisténé nezadouci uCinky byly minimalni, pravdépodobné z dGvodu piisnych kritérii
stanovenych pro podani sufentanilu.

Snizeni potiteby telefonickych konzultaci potencidlné snizuje pracovni zatéz
zdravotnik® i 1ékatt. Skoleni zdravotnickych zachranait pro zvladani moznych komplikaci po
podani sufentanilu ma $ir§i dopad. Tato moznost zvySuje celkové kompetence zachranare
a pripravenost na situace, kdy Iékaf ordinuje na dalku a nemutze se vzniklym komplikacim

vénovat na misté udalosti.

Limitace studie spocivala v dobrovolné povaze ucasti zachranaiti, monocentrickém
charakteru a observacni povaze studie. Studie byla provedena v relativné kratkém obdobi
béhem pandemie COVID-19. Toto obdobi bylo charakteristické snizenim poctu turazl
v disledku karanténnich opatfeni a omezeného pohybu obyvatelstva. Za zminku stoji rozpory
ve vykazovani numerické hodnotici Skaly (NRS) mezi skupinami. Vyskoleni zachranaii museli
dodrZovat novy standard péce, ktery pfi zvaZovani podéani opioidi nafizoval hlaSeni NRS, coz

mohlo byt pti¢inou rozdili v dikladnosti hlaSeni mezi skupinami.

Tato studie doklada, Ze navySeni kompetenci event. rozSifeni protokolarniho feSeni
situaci miiZze u zdravotnickych zachranarti zvysit kvalitu a bezpecnost péce tim, Ze podpofi
vétsi odpoveédnost a motivaci zachranari. Nutné je vSak vzdy odliSovat pfidéleni kompetence

v celé své §ifi a protokolarni podavani 1é¢iv pro velmi peclivé definovanou skupinu pacientt.

Podavani opioidi k 1é¢bé bolesti v urgentni medicing, zejména v PNP, zlistdva neustale
rozvijejici se oblasti (Pietsch et al. 2021; Niemi-Murola, Unkuri, Hamunen 2011). Tato studie
je originalni zaméfenim na intravendzni podavani sufentanilu zachranafi bez dohledu lékare,
piispiva k rostoucimu poctu vyzkumu zkoumajicich rtizné opioidy a metody jejich podavani.
Ackoli se nezabyva péci o déti nebo jinymi zdravotnimi obtizemi, je v souladu se studiemi z
podobnych zdravotnickych systémi, které obhajuji svéfeni pfednemocnicni analgezie

vySkolenym zdravotnikiim — zachranaiim (Héaske et al., 2017).

Ptijeti principt CBME by mohlo zdravotnickym zachranaifim umoznit dale ziskat
potiebné dovednosti a kompetence, a tim zlepsit kvalitu péce a zajistit v€asnou a uc¢innou 1écbu
bolesti v prednemocni¢nim prosttedi (Wedmore et al. 2012; Pietsch et al. 2021). Ptistup CBME

déava daraz na systematicky a strukturovany rezim vzdélavani. Je dilezity diraz na vzdélavani
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zalozeném na simulacich, ktery ma tyto kritick¢ kompetence budovat, hodnotit a zajistit, aby
zdravotniCti  zachrandfi byli dobife vybaveni k poskytovani péfe, zmirfiovani
rizik a samostatnému feSeni komplikaci, a tim se zvysila celkova ucinnost

a efektivita zdravotnické zachranné sluzby.
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6.5 Zavér

U dospélych pacientt s bolesti pi akutnim traumatu ve specifikovaném klinickém stavu
prokdzalo samostatné podani intravendzniho sufentanilu zdravotnickymi zachranaii s
pfislusnou kompetenci srovnatelnou analgetickou uc¢innost i bezpecnost jako podéani po
telefonické konzultaci s 1ékafem. Tato intervence byla spojena s dostatecnym analgetickym

efektem a nizkym vyskytem nezadoucich tc¢inkt.
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7 Komentar ke studii — Netechnickeé dovednosti

v pfednemocnic¢ni péci

7.1 Pozadi studie

Ke zlepseni  vysledki  kardiopulmonalni  resuscitace  (KPR)  se vyuziva
vycvik netechnickych dovednosti (NTS) (Perkins et al., 2021), véetné vycviku vedeni a tymové
prace (Greif et al. 2021). Popis NTS zahrnuje nékolik klicovych slozek viz vyse kapitola 3.2. a
v podkapitole 7.2. Publikovanych studii o pouziti NTS v redlném zdravotnickém prostiedi

je nedostatek, ve skutecném nesimulovaném prostiedi PNP chybi tplné.

Hlavnim cilem této studie bylo zjistit a popsat, zda a jak jsou v Ceské republice
uplatiiovany NTS pti poskytovani PNP pfi pfitomnosti alespont dvou vyjezdovych skupin na
misté. Sekundarnim cilem bylo porovnat, zda se pouzivani NTS a vykonnost tymu 1i§i podle
typu udalosti, jako je provadéni kardiopulmonalni resuscitace, u traumatu nebo obecnych

zdravotnich obtizi.

42



7.2 Metodika

Byla provedena prospektivni, observacni multicentrickd studie NTS v klinickych
pirednemocni¢nich urgentnich stavech. Nebyla pouzita Zddné randomizace. Vyzkum probihal
na tiech zdravotnickych zachrannych sluzbach Ceské republiky: ZZS Hlavniho mésta Prahy,
778 Karlovarského kraje a ZZS Plzenského kraje. Tyto kraje maji celkem 2,2 milionu obyvatel
arocné zde ZZS tesi 250 000 akutnich zasahii. Sbér dat probihal od fijna 2019 do srpna 2020.
Zatazeny byly vSechny udalosti ZZS, na kterych se v ramci piednemocni¢ni péce podilely
dva a vice tymi (tedy PNP byla poskytovana nejméné ¢tyfmi zdravotniky — ¢leny vyjezdovych
skupiny). V terénu na rozdil od prace naptf. na emergency zdravotnického zatizeni neni
prakticky mozné provadét sledovani NTS, proto byl vyuzivan tzv. inspektor provozu téchto
Z7ZS. Systém ZZS je v téchto krajich strukturovan jako model rendez-vous, kdy v sanitnich
vozech (RZP) pracuji zdravotnicti zachranafi a ve vozech (RV) zdravotnicti zachranafi a 1ékafr.
Tyto vyjezdové skupiny jsou ve vSech tfech regionech podporovany a kontrolovany inspektory
provozu. Vylouceny byly vyjezdy, které se tykaly pouze jedné (dvouclenné) vyjezdoveé
skupiny, pokud pro udélost nebyl dostupny inspektor provozu nebo chybél kompletni zaznam

o vyjezdu.

Ve studii byla pouZita upravena a zjednodusend verze TEAM skore (Team Emergency
Assessment Measure). Validace puvodniho nastroje je zdokumentovana jinde
a nebyla souéasti této studie (Cooper et al. 2010b). Uprava zahrnovala zachovani prvnich Sesti
polozek beze zmény: (1) vedouci tymu sd€loval ocekavani prostfednictvim pokynt a piikazi,
(2) vedouci tymu si udrzoval celkovy nadhled, (3) efektivni komunikace v tymu, (4) vCasné
dokonceni ukold, (5) klid akontrolatymu a(6) pozitivni moralka tymu. PoloZzky
7 (ptizpisobovani se ménicim se situacim) a 8 (sledovani a pfehodnocovani situace) byly
slouceny, stejné jako polozky 9 (pfedvidani moznych akci) a 10 (stanoveni priorit tkoll).
Polozky 11 (dodrzovani schvalenych standardtl) a 12 (celkové hodnoceni) byly vynechény, aby
bylo zjednoduSeno hodnoceni pro inspektory provozu v redlném béhu poskytovani PNP a ta

nebyla nikterak ohroZena.

Tato upravena verze byla jiz diive pouzita k hodnoceni NTS v simulovanych scénéfich
a byla vyzkumnikiim 1ivedoucim v terénu znaméa (Pefan et al. 2017). Kazdd z osmi
polozek TEAM byla hodnocena na pétibodové Skéle (0 nikdy, 1 zfidka, 2 n€kdy, 3 casto, 4
vzdy) a zahrnovala vedeni, tymovou praci a fizeni tkoll. Pro dalsi statistickou analyzu bylo

pouzito celkové skore, tedy soucet téchto hodnoceni.

43



Dvacet inspektort provozu (ZZS HMP, n = 5; ZZS KVK, n = 6; ZZS PK, n = 9)

absolvovalo pfed zahdjenim studie standardizovany e-learningovy kurz o pouzivani

modifikovaného skore TEAM. Hodnotili videozdznamy dvou simulovanych klinickych scénarii

pro posouzeni nizké miry variability hodnoceni mezi jednotlivymi hodnotiteli.

Studie dale porovnavala vysledky pozorovani ve tiech podskupinéach klinickych situaci

(vyjezdt ZZS):

1. kardiopulmonalni resuscitace (KPR — probihajici resuscitace v dasledku

mimonemocni¢ni zastavy ob¢chu),

2. traumatické udalosti (TRAUMA — jakékoliv zranéni)

3. aobecné netraumatické udalosti (MEDICAL — netraumatické situace, které

nesouviseji s KPR, vcetné pediatrickych vyjezdu).

(n)

Organizace Z7S hl. m. Prahy Z7S Karlovarského ZZS Plzeniského kraje
kraje

Sledované udalosti (n) 162 100 100

Vytazena hodnoceni 2 0 1

(n)

Hodnoceni zatazena 160 100 99

do dalsi analyzy (n)

Celkem analyzovano 359

Tab. 4 Netechnické dovednosti v prednemocnicni péci — study-flow diagram.
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7.3 Vysledky

Ve studii bylo analyzovano celkem 359 vyjezdu, po vylouceni tii z diivodu neuplnych
Souhrnem byly dle charakteru udalosti hodnoceny tyto tfi skupiny (KPR, n=110; TRAUMA,
n=122; MEDICAL, n=127). V naprosté¢ vétsSin¢ se jednalo o praci dvou vyjezdovych skupin
s celkem tedy Ctyfmi zdravotniky na misté (n=317).

Z7S hl. m. 778 Karlovarského | ZZS Plzenské Celkem
Prahy kraje (n = 100) ho kraje (n=359)
(n=160) (n=99)

Typ udalosti:
KPR 72 (45 %) 11 (11 %) 27 (27 %) 110 (31 %)
Trauma 84 (53 %) 8 (8 %) 30 (30 %) 122 (34 %)
Ostatni 4 (2 %) 81 (81 %) 42 (43 %) 127 (35 %)
Pocet
vyjezdovych
skupin na
misté:
Dvé 142 (88 %) 99 (99 %) 76 (77 %) 317 (88 %)
Tti 12 (8 %) 1(1%) 16 (16 %) 29 (8 %)
Vice 6 (4 %) 0 7 (7 %) 13 (4 %)

Tab. 5 Charakteristika analyzovanych vyjezdii — vysledky. Data jsou vyjadrena jako

pocet (n) a procenta.

Modifikované skore TEAM ukézalo vysoké vyuziti a ,,provadéni® NTS obecné (detailni
vysledky v Ptiloze 3). V zadné konkrétni oblasti dovednosti nebyly zaznamenany vyrazné

nedostatky.
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V podskupinach (KPR, Trauma, MEDICAL) byl jediny vyznamny rozdil v poloZce
1 (jasny team leader, tym na zdklade poveli a prikazii jasné vi, co bude nasledovat). Post hoc
analyza odhalila, Ze tento rozdil je v neprospéch leadershipu u skupiny MEDICAL udalosti
oproti skupiné¢ KPR. Jiné statisticky vyznamné rozdily nebyly mezi rliznymi typy vyjezda
odhaleny. Piestoze u traumat byl trend k hor§Simu vykonu v polozce 4 (tym pracuje spolecné,
prikazy jsou v tymu vykonavany ve spravny okamzik) a v polozce 5 (tym pracuje v klidu a pod
kontrolou). Detailni vysledky, tabulky a meziskupinovd porovnani jsou prezentovany

v priloze 3.

7.4 Diskuse

Vysledky prokéazaly vysokou miru vyuziti a pouzivani NTS napfi¢ riznymi zdravotnimi
stavy v redlném prostfedi PNP. Piedchozi studie ukézaly podobna zjisténi, ale v nemocni¢nim
prostiedi. Vramci simulaci byly zaméfeny na specifické aspekty NTS pouze
pfi mimonemocni¢nich udélostech srdecni zastavy (Lauridsen et al. 2020; Bennett, Mehmed,
Williams 2021; Dewolf et al. 2021). NaSe data z redlného klinického prostiedi zédvaznych
udalosti v PNP vyzadujici sou¢innost vice vyjezdovych skupin jsou konzistentni a spolehlive,
srovnatelné s plivodnimi studiemi, s pozorovanou a hodnocenou variabilitou mezi jednotlivymi

hodnotiteli (Posner et al. 1990).

Zpocatku byl pro pilotni pozorovani v terénu pouzit kompletni formuldt TEAM
(Cooper et al. 2016; Cant et al. 2016). Na zaklad¢ této pilotni faze byl vSak piijat zjednoduseny
formulaf pro terénni analyzu v prfednemocni¢ni péci. Narozdil od nékterych studii, které

pouzivaji videozaznamy, tato studie hodnotila NTS v redlném case.

Tato studie poskytuje zdkladni poznatky o NTS ve tiech riznych organizacich
778 v Ceské republice, véetné méstskych, venkovskych a smisenych regionii. Cilem nebylo
hodnotit vliv NTS na klinicky vysledek, ale zamé&fit se na NTS, které jsou Castym objektem
simulacniho tréninku. Zamérem bylo téZ vytvofit reprezentativni mix piipadi PNP,
nikoliv porovnavat jednotlivé jednotky ZZS mezi sebou.

Nastroj TEAM byl vybran pro svou uc¢innost i pfi hodnoceni traumatu. VétSina studii
uvadi primérné nebo medianové skore TEAM kolem 3 (ze Skaly polozek 0-4). V této studii

nebyly pouzity dal$i nastroje hodnoceni NTS, jako je skdla netechnickych dovednosti

pro trauma (T-NOTECHS), aby byla zachovana konzistence s jednim hodnoticim nastrojem.
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Limitacemi by mohlo byt uprava TEAM skore pro tuto studii. Nékteré polozky byly
sloueny a celkové skore bylo vypusténo, aby se zjednodusilo hodnoceni azaméfilo
se na konkrétni aspekty NTS v dynamickém klinickém prostiedi. TEAM je osvédcena metoda,
proto byla pted statistickou analyzou kontrolovana pouze konzistence udaji. Prestoze bylo
v terénu 20 supervizorit (inspektori provozu), jejich rozsahlé Skoleni v hodnoceni TEAM
zajistilo nizkou variabilitu mezi hodnotiteli. Dal§im limitaci mohlo byt zahrnuti pediatrickych
udalosti do obecné skupiny MEDICAL. Diky d¢ist€ popisnému charakteru studie a bez
sledované intervence byl piedem stanoven pro realné prostfedi ambiciozni cil zaradit 100

méfeni z kazdé ZZS.
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7.5 Zavér

Celkova troven netechnickych dovednosti (NTS) ve sledované skupiné prednemocnicni
neodkladné péce byla v této studii hodnocena jako velmi dobra. Vysledky jsou pozitivni, avSak
je tieba je vnimat jako ptedbézné. Zdiraziuji potfebu dalSiho vyzkumu zaméfeného na
netechnické dovednosti, jejich vliv na klinické vysledky a efekt simulacniho vzd€lavani.
Skoérovaci systém TEAM se ukazuje jako vhodny nastroj nejen pro hodnoceni a rozvoj vyuky

NTS v simulovaném prosttedi, ale 1 v redlné klinické praxi, véetné pfednemocnicni péce.
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8 Komentat ke studii — RozSifena resuscitace dospélych

v podani dvouclennych vyjezdovych skupin zachranné sluzby

8.1 Pozadi studie

U mimonemocni¢ni zastavy obéhu (OHCA) vcasné zahdjeni kvalitni rozSifené
resuscitace (ALS) zvySuje Sanci na navrat spontdnniho obéhu (ROSC) a preziti (Kurz et al.
2018). V systémech PNP ¢asto poskytuji ALS jako prvni dvouclenné vyjezdové skupiny (Dick
2003). Takto malé tymy vSak ¢eli znaénym obtizim pii dodrzovani doporuceného postupu
ALS v pocate¢nich fazich KPR (Bruckeet al., 2007). Doporuceni Evropské rady
pro resuscitaci (ERC) jsou aplikovatelnd obvykle u vétSich tymi, které si mohou rozdélit

pracovni zatéz a jednotlivé ukoly.

Algoritmus rozsSifené resuscitace rozliSuje priority 1écby podle toho, zda ma
OHCA defibrilovatelny ¢i nedefibrilovatelny rytmus. Pro dvouc¢lenné tymy vznikaji problémy
hlavné pfi zajisténi dychacich cest a podavani 1éka. V algoritmu ALS je uvedeno vice tkold,
proto je nutné stanoveni priorit. Dilezitost se klade na dodrzeni kvalitnich kompresi hrudniku

S 24

mohou délat viceclenné tymy.

Predchozi studie zkoumaly ptizplisobeni algoritmu ALS pro dvouclenné tymy v letecké
zachranné sluzbé (HEMS) a ve vojenském prostfedi, navzdory svému vyznamu tak neni

provadéni ALS dvéma zachranafi dobte prozkoumano.

Cilem této piehledové studie je shrnout a kriticky zhodnotit stavajici evidenci
a identifikovat  témata  publikovaného vyzkumu  ALS poskytovaného  dvouclennymi

vyjezdovymi skupinami.
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8.2 Metodika

Toto scoping review je zpracovano podle metodiky Joanna Briggs Institute (Pearson et
al., 2005; Peters et al., 2015) pro piehledové studie dle doporucené struktury PRISMA-ScR
(Tricco et al. 2018). Cile, kritéria zafazeni a metody byly piedem definovany v protokolu,
ktery byl spole¢né revidovan akademickym vyzkumnym tymem a zaregistrovan v databazi

Open Science Framework dne 1. zafi 2023.

Do review byly zahrnuty studie publikované od 1. ledna 2005 do 30. listopadu 2023.
Toto obdobi pokryva doporuceni, kterd zavedly pomér kompresi hrudniku a zachrannych

vdechti 30:2.
Kritéria vybéru studii vychazela z rimce PICOS (Amir-Behghadami, Janati 2020):

e Populace: Dvouclenné tymy provadéjici KPR (Advanced Life Support — ALS)
v mimonemocni¢nim prostiedi.

e Intervence: Sledovani strategie poskytovani KPR dvouclennymi tymy dospélym
pacientim (starSim 18 let), vcetné simulaci, ato jak u defibrilovatelnych, tak u
nedefibrilovatelnych rytmit OHCA.

e Srovnani: Jakékoli srovnani, v€etn¢ zadného.

o Vysledek: Jakékoli vysledky (klinické nebo simulovang).

e Design studie: Zadna omezeni tykajici se typu vyzkumu, designu studie nebo prostiedi.

Vylou€eny byly studie zamétené na ndhlou zastavu ob&hu u déti , na specifické scénate
zéastavy ob&hu (napt. béhem transportu, v letectvi, na mofi, pfi sportovnich udalostech). Zdroje
charakteru:kazuistiky, dopis, tvodnik, abstrakta, systematicky piehled a protokol studie, byly

sledovany, ale nebyly zahrnuty do analyzy.

Pocatecni vyhledavani v databazich PubMed a Web of Science stanovilo klicova
slova a vyhledavaci strategie. Dal$i vyhledavani bylo provedeno v databazich PubMed, Web of
Science, Scopus, Cochrane Library Trials a ClinicalTrials.gov s cilem nalézt relevantni prace
vcéetné protokolll studii. ReSersni strategie a analyza titull a abstrakt je velmi detailné popsana

v ptiloze 4 (Supplementary material)

Na ziskanych publikacich byla provedena obsahova analyza,

ktera byla rozdé€lena do kategorii podle témat.
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Obr. 5 Rozsifené resuscitace dospéelych u dvouclennych vyjezdovych skupin — study-flow diagram.

51



8.3 Vysledky

Vysledkem pocate¢niho vyhledavani bylo 216 ¢lankt. Po odstranéni duplicit a analyze
abstrakt bylo posouzeno 33 plnych textl ¢lankt, z nichz 22 bylo zahrnuto do kone¢né analyzy.

Proces vybéru je podrobné popsan ve vyvojovém diagramu PRISMA-ScR (viz obr. 5 vyse).

Studie zahrnovaly dominantné simula¢ni studie (n=21) ajednu pfednemocnicni
klinickou studii. V devatenacti studiich byly pouzity kvantitativni metody a ve tfech smisené
metody. Dvandct studii se vyslovné zameéfilo na dvouclenné tymy, zatimco ostatni

je zahrnovaly za uéelem feseni riznych cila.
Studie byly rozttidény do sedmi kategorii:

e Vliv konfigurace tymu. Jedna studie zkoumala vliv konfigurace tymu poskytujici
ALS na klinické vysledky (Eschmann et al. 2010) a pét studii na kvalitu KPR (Bayley
et al., 2008; Martin-Gill, Guyette and Rittenberger, 2010; Tsai et al., 2020;
Krzyzanowski et al., 2021; Robakowska et al., 2022). Retrospektivni klinické studie s
10 057 pacienty s OHCA nezjistila zadny ptinos pro pieziti pfi praci vice nez dvou
zéachranaii. Simulacni studie naopak ukazaly, ze vétSi tymy zajistuji lepSi kvalitu
a uc¢innost KPR. Dvouclenné tymy byly nachylngjsi k chybam a pomalej$i pii vétsiné
ukont, s vyjimkou trachedlni intubace (Bayley et al. 2008).

o Casné zajiSténi dychacich cest. P&t simulagnich studii hodnotilo ¢asné zajisténi
dychacich cest aventilaci dvouclennymi posddkami. V jedné cross-over studii
vedla asynchronni ventilace pomoci dychacich cest s laryngedlni maskou (LMA)
provadénd l¢kafem k vy$§im dechovym objemim (Dundar et al. 2021). Studie
proveditelnosti ukazaly riznou UspéSnost zajisténi dychacich cest zachranafi, pficemz
vysledky tykajici se i€innosti a kvality byly smiSené (Guyette et al., 2006; Brucke et
al., 2007; Siebers et al., 2009; Ventzke et al., 2011).

e Vyuziti mechanického stla¢ovani hrudniku. Tifi simulac¢ni studie hodnotily
mechanickd zafizeni pro stlacovani hrudniku (napt. LUCAS, Autopulse a dalsi)
a zjistily zlepSeni kvality stla¢ovani hrudniku a dodrZzovani ALS protokolu (Choi et al.
2016; Klosiewicz et al. 2021; Klosiewicz et al. 2020). Experimentalni studie prokazaly
hlubsi stlaceni hrudniku a snizeni poc¢tu neadekvatnich kompresi (Klosiewicz et al.

2020; Ktosiewicz et al. 2021).
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e Vyuziti predplnénych stiikacek s Zivot zachranujicimi 1é¢ivy dle doporuceni. Tii
simulacni studie se zaméfily na pouziti predplnénych injekcénich stiikacek a uvadély
zkraceni doby do podédni adrenalinu a rychlejsi intravendzni nebo intraoseélni piistup
(Robak et al., 2020; Zalewski, Puslecki, et al., 2020; Zalewski R, 2020). Jedna studie
také zaznamenala zlepSeni frakce kompresi hrudniku a rychlejsi zajisténi dychacich
cest.

e Vyuiti dal§iho vybaveni. Ctyii simulaéni studie zkoumaly dal3i vybaveni. Nalepovaci
defibrilacni elektrody =zlepsily kvalitu komprese hrudniku a rychlost defibrilaci
(Zalewski, Pu’slecki, et al. 2020). Studie proveditelnosti zjistila vysokou uspésnost
intraosealniho pfistupu (Guyette et al. 2006). Pouziti metronomu snizilo odchylky
v rychlosti komprese a ventilace (Kern et al. 2010). Prototyp resuscita¢niho
asisten¢niho zafizeni nezlepS$il dobu ,hands-off“ a negativné ovlivnil kvalitu KPR
(Nitzschke et al., 2017).

e Upravy protokolu. Dvé simulaéni studie zkoumaly tpravy protokolu pro dvouélenné
posadky poskytujici ALS (Choi et al. 2016; Asselin et al. 2018). Automatizovany, na cil
zaméteny protokol OHCA zlepsil hloubku komprese, minutovou ventilaci a podavani
1€kt a zaroven sniZzil fyzickou namahu a pracovni zatéz.

e Pracovni zatéz a fyzickd namaha. Studie pracovni zatéZe a fyzické namahy zjistila,
Ze umisténi batohu s vybavenim kolem (obecné ergonomii) pacienta ovliviiuje kvalitu
KPR, efektivitu prace, namahu a biomechanickou z4téz béhem simulované

OHCA (Harari et al. 2020).

Jednotlivé studie jsou shrnuty detailné v tab. 6 a ptiloze €. 4.
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Autor a rok Zemé Design studie Metodika Typ Hlavni
téma

Asselin (2018) USA Randomizovana, | Mixed Simulacni | Pracovni zatéz
kontrolovana methods a fyzické usili

Bayley (2008) USA Two group Kvantitativni | Simula¢ni | SlozZeni tymu
design

Brucke (2007) Némecko | Studie Kvantitativni | Simulaéni | Adaptace
proveditelnosti doporuceni

Choi (2016) USA Randomizovand, | Kvantitativni | Simula¢ni | Adaptace
kontrolovana doporuceni

Dundar (2021) Turecko | Randomizovand, | Kvantitativni | Simula¢ni | Management
cross-over zajisteni DC

Eschmann (2009) USA Restrospektivni, | Kvantitativni | Klinicka | Slozeni tymu
observacéni

Guyette (2006) USA Studie Kvantitativni | Simula¢ni | Adaptace
proveditelnosti doporuceni

Harari (2020) Izrael Experimentalni, | Kombinované | Simulacni | Pracovni zatéz
observacni metody a fyzické usili

Kern (2010) USA Randomizovana, | Kvantitativni | Simula¢ni | Adaptace
kontrolovana doporuceni

Klosiewicsz Polsko Randomizovana, | Kvantitativni | Simulacni | Mechanické

(2020A) cross-over komprese hrudniku

Klosiewicsz Polsko Randomizovana, | Kvantitativni | Simulacni | Mechanické

(2020B) cross-over komprese hrudniku

Krzyzanowski Polsko Randomizovand, | Kvantitativni | Simulac¢ni | SloZeni tymu

(2021) kontrolovana

Martin-Gill (2010) | USA Randomizovand, | Kvantitativni | Simulac¢ni | SloZeni tymu
kontrolovana

Nitzschke (2017) Némecko | Randomizovand, | Kvantitativni | Simula¢ni | Pfidatné vybaveni
kontrolovana

Robak (2020) Polsko Randomizovand, | Kvantitativni | Simula¢ni | Pfedplnéné
kontrolovana sttikacky
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Robakowska (2022) | Polsko Randomizovand, | Kvantitativni | Simula¢ni | SloZeni tymu
kontrolovana

Siebers (2009) Némecko | Studie Kvantitativni | Simula¢ni | Management
proveditelnosti zajisteni DC

Tsai (2020) Taiwan | Randomizovand, | Kombinované | Simula¢ni | SloZeni tymu
vice skupin metody

Ventzke (2011) Nemécko | Studie Kvantitativni | Simula¢ni | Management
proveditelnosti, zajisteni DC
dvé skupiny

Zalewski (2020A) Polsko Randomizovand, | Kvantitativni | Simulacni | Management
cross-over zajisteni DC

Zalewski (2020B) Polsko Randomizovand, | Kvantitativni | Simula¢ni | Pfedplnéné
Cross-over stiikacky

Zalewski (2020C) Polsko Randomizovand, | Kvantitativni | Simula¢ni | Pfedplnéné
Cross-over stiikacky

Tab. 6 Vysledky studie RozSirena resuscitace dospélych

vyjezdovych skupin zdachranné sluzby

v podani dvouclennych
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8.4 Diskuse

Tato prehledova studie poukazuje na nedostatek silnych dikazii potiebnych k vytvoieni
navrhu protokolu rozsifené resuscitace pro dvouclenné vyjezdové skupiny ZZS. Prezentované
studie jsou velmi metodologicky heterogenni, s absenci klinickych dat, popisuji prakticky jen
vysledky simulaci. Nékteré intevence, jako mechanické stlacovani hrudniku (Choi et al., 2016;
Nitzschke et al., 2017), predplnéné injekcni stiikacky (Stevens et al., 2015; Zalewski, Puslecki,
et al., 2020a, 2020b) a protokoly s podporou automatizace, by mohly zlepsit vykonnost

dvouclenného tymu.

Vétsina vyzkuma  byla provedena prostfednictvim  simula¢nich  studii  a studii
proveditelnosti s riznymi metodami. VEtSi tymy maji tendenci délat méné chyb a dosahovat
lepsich vysledki v oblasti zajisténi dychacich cest a kvality KPR. Pouze jedna retrospektivni
studie (Eschmann et al. 2010) hodnotila klinické vysledky pacientdt s OHCA oSetfovanych

dvouclennymi posaddkami.

Simula¢ni studie identifikovaly nékterd témata pro optimalizaci postuplii rozsifené
resuscitace. VEasné zajisténi dychacich cest je predmétem diskusi, ale supraglotické zajisténi
dychacich cest miize byt stejn¢ Gcinné jako endotrachedlni intubace (Penketh, Nolan 2023;
Forestell et al. 2024; Stuby et al. 2021; 2022; Benger et al. 2022). Pouziti laryngealni masky
mulze umoznit jednomu zéchranafi pokraCovat v kompresi v poméru 30:2, zatimco druhy

se pfipravuje na dalsi ukoly.

Mechanické (pfistrojové) stlaCovani hrudniku, i1kdyz serutinné nedoporucuje,
muze zachranafe uvolnit pro dal$i tkoly. Pfedplnéné injekcni stfikacky jsou praktickeé,
ale predstavuji problém pfiskladovani a organizaci léCiv. Intraosedlni pfistup je rychly
a muze uSetfit ¢as. Pouzivani jednorazovych elektrod a metronomil je v soucasné praxi

akceptovano jako doporucené.

Doporuceni pro rozsifenou resuscitaci se zamé&iuji na vysledky u pacientli, ale méné
na prakticnost  jednotlivych  krokli v riznych podminkiach pfednemocnicni péce.
Neexistuje zadny komplexni protokol pro dvouclenné posadky, ktery by optimalizoval kroky

doporuceného resuscita¢niho usili.

PrestoZe se jedna o bézny klinicky stav, neni tato problematika dostatecné

prozkoumana a klinickd doporuceni jsou v soucasné dob¢ nedostatecna.
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8.5 Zavér

Toto scoping review odhalilo vyrazny nedostatek dikazt podporujicich vysoce kvalitni
provadéni pokrocilé resuscitace (ALS) v ramci dvouclennych vyjezdovych tymu. Zaroven
poukdzala na zasadni vyznam simulacnich studii, nebot’ realizace rigoréznich klinickych
experimentll v pfednemocni¢nim prostiedi nardzi na metodologickd omezeni. Na zakladé
dostupnych dat proto nelze v soucasnosti doporucit zadnou specifickou upravu protokolu ERC
ALS pro dvouclenné tymy zasahujici u nahlé zastavy ob¢hu. Zjisténd mezera v evidenci
podtrhuje potiebu systematického a kvalitniho vyzkumu, zejména formou vysoce vérné
simula¢ni mediciny, ktera nabizi bezpecnou a validni platformu pro ovérovani novych postupti

pted jejich zavedenim do klinické praxe.
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9 Souhrnna diskuse diserta¢ni prace

Tato prace si od svého zacatku klade komplexni otdzku hodnoceni problematiky

vzdélavani, testovani a ovéfovani klinickych postupt. Déle pak na piipravu vzdélavacich

programt, jejich analyzu, jak v péci o pacienta v nemocnici, tak v ramci PNP. Jak jiz z prace

samotné vyplyva, jednd se o pole, které je velmi Siroké a spravedlivé nelze provést podrobnou

analyzu ve vSech oblastech simula¢ni mediciny. Vybrané studie ukazuji moznou §ifi zapojeni

simula¢ni mediciny do vyuky, praxe a vyzkumu.

Studie PPE Sufentanil NLZP NTS v PNP ALS dvouclennych
skupin

Ovéfeni bezpenosti ANO ANO ANO NE

klinickych postupti

Evaluace NTS NE NE ANO ANO

v prednemocni¢ni péci

Evaluace ANO NE NE NE

NTS v nemocni¢ni

péci

Zmény klinickych ANO ANO NE NE

postupti

Vyuziti na kompetenci | NE ANO NE ANO

zavislé vzdélavani

Tab. 7 Tab. zahrnutych studii do disertacni prace a schématické znazornéni

tematického priuniku simulacni mediciny.
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Studie osobnich ochrannych prosttedkii poskytuje analyzu postupti, které se v prabehu
dramatické krize COVID-19 velmi meénily. Bylo nutné ovéfovat feSeni nejen biologické
ochrany persondlu a pacientd, ale také se zaméfit na netechnické dovednosti. NTS  hraji

zéasadni roli v bezpecnosti zdravotni péce.

Dalsim cilem studia bylo vytvofeni vzd€lavaciho programu, ktery by obsahoval
simula¢ni vyuku pro zdravotnické zachranare. Byla vybrana oblast vzdélavani zdravotnickych
zachranait, tak aby se jejich kompetence a samostatnost zvySovala, tak jako to je Castym
trendem v jinych zdravotnickych systémech. Samotné udélovani kompetenci je pomérné vice
svazano Ceskou legislativou. Legislativné jednodussi a do praxe snadnéji pieveditelné se zda
byt protokolarni podavani 1é¢iv. Kompetenéni modely vzdélavani pro NLZP jsou uc¢inné.
Studie podavani sufentanilu ukazuje cestu, jak pomoci trojstupiiového ramce (simulaéni trénink
— teoreticky test — praxe pod dohledem) Ize rychle posilit kapacitu ZZS bez ztraty kvality
péce.

Studie hodnoceni netechnickych dovednosti v pfednemocni¢ni péci ukazuje pomérné
vysokou miru vyuziti efektivni komunikace, pfedevsim u KPR. Tak jak je zminéno v ptivodnim
clanku se nejspiS jedna o vliv dlouho zavedenych kurzi, které kladou diraz na kvalitni
trénink NTS. Usp&né pouziti zjednoduseného TEAM skére v redlném provozu otevira

moznost kontinudlniho auditu tymové prace bechem PNP alespon u viceClennych posadek.

Ovefovani klinickych postuptt a hodnoceni v simulaci bylo pomérné extenzivné
popsano ve studii PPE. Klinickd praxe vSak ukazuje, Ze i dal§i doporuceni, jako napiiklad
resuscitace dospélych mize byt narocnd k adherenci ke standartnim doporuc¢enim. Provedeni
scoping review mapovalo oblast publikaci vztaZzenych ke dvouclennym tymiim u resuscitace
dospélych. Toto review ukazuje diilezitost simula¢nich studii. Na zéklad¢ zkuSenosti, dostupné
literatury a provedenych studii se ndm otevird dal§i pole pro zkoumani v simula¢nich ¢i
klinickych studiich. Budoucim cilem mulzZe byt vytvofeni adaptivniho simula¢niho protokolu
ALS, ktery otestuje rtzné rozdé€leni roli ve dvouclennych tymech. Nasledné¢ bude nutna

translace studie a ovéteni v klinickém prosttedi.

Budouci sméry, kam nase studie sméefuji jsou napfi.: navazat na PPE data dlouhodobou
simulaci (> 3 h) s méfenim Unavy a kognitivni zatéze pomoci objektivnich skal. Takovyto
protokol muze presnéji odrazet klinickou praxi. Realizovat multicentrickou RCT ovétujici
bezpecnost protokolarniho podani sufentanilu u dalSich etiologii bolesti. Je v§ak nutné vzdy

dodrZet striktni bezpecnost protokolu. Kombinovat TEAM skore s objektivnimi biometrickymi
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indikéatory (sledovani rychlosti pohybu o¢i, méfeni tepové frekvence) pro komplexné€jsi méieni
NTS. Vytvorit adaptivni simulacni protokol ALS, ktery otestuje nové pterozdéleni roli a

pomucek ve dvouclennych tymech a nasledné pilotovat studii v klinickém prostiedi.

Soubor ¢tyt studii potvrzuje, ze simulacni medicina je efektivni nastroj pro bezpecné
inovace, kompetenéné zaloZzeny rozvoj a experimentalni prostfedi pro adaptace novych
klinickych postupt. Limitace jednotlivych projekti — piedevsim kratké scénafe, omezené
vzorky a subjektivni metriky — vyzaduji opatrnou interpretaci a navazujici klinické ovéteni.
Ptesto vysledky poskytuji silny argument pro systematické zaclenéni simulacnich metod do
kontinualniho vzdélavani i do procesu tvorby klinickych doporuceni. Pii respektovani
identifikovanych limit lze ocekdvat, ze simulacni medicina bude dale klicovym rozhranim
mezi pedagogikou a klinickym vyzkumem a vyznamné pfispéje ke zvySovani kvality a

bezpecnosti péce.
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10 Limitace

Tato disertacni prace syntetizuje aktudlni poznatky o simulacnim vzdélavani, rozvoji
netechnickych dovednosti, kompeten¢né orientované vyuce a implementaci klinickych zmén
iniciovanych simula¢nim tréninkem. Konkrétni limitace jednotlivych praci uvadime v tabulce
nize. Simulacni medicina zistava predevSim pedagogickym ndstrojem, avSak zaroven
poskytuje experimentalni platformu pro testovani hypotéz a mapovani komplexnich klinickych
problémii. Novou vyzvu predstavuje vyuziti simula¢nich dat k modifikaci 1é¢ebnych algoritmi;
jakakoli takto navrzend inovace vSak musi byt verifikovana v robustnich klinickych studiich,
které jsou nezbytné pro translaci poznatkli do rutinni praxe. Samotné simulacni studie jsou
ptitom logisticky narocné — vyZzaduji rozsahlé persondlni zajisténi a obtizné dosahuji dostatecné

velikosti vzorku, coz klade vysoké naroky na jejich planovani a realizaci.
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11 Shrnuti

Disertacni prace shrnuje moznosti vlivu simula¢ni mediciny jako vyukové metody, ale
ijeji vyuziti pro vyzkumné ucely a ovlivnéni klinické praxe. Byly realizovany studie, které
meénily  klinicky postup, jak v pfednemocni¢ni, tak nemocni¢ni praxi. Simulace
se potvrdila jako vhodna metoda pro zkouméani netechnickych dovednosti, které je vSak nutné
dale analyzovat v klinické praxi, tak jak autofi provedli. Autorim se podafilo vytvofit
vzdélavaci program, testovat doporuceni pro klinickou praxi, adaptovat a hodnotit technické
i netechnické dovednosti. Dale se oteviraji oblasti, kde jiz mad abude mit simulaéni

medicina své misto.
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12 Summary

The dissertation thesis summarizes the impact of simulation medicine and its use in
clinical practice. Studies have been conducted that have altered clinical practice, both in pre-
hospital and in-hospital practice. Simulation has been confirmed as a suitable method for
exploring non-technical skills that need to be further analysed in clinical practice, as the
authors have done. The authors were able to develop atraining program, test
recommendations for clinical practice, and adapt and evaluate technical and non-technical
skills. Furthermore, they open other areas where simulation medicine already has and will

have a place.
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18.1 Prilohac¢. 1
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Editor—Wearing personal protective equipment (PPE) not only
reduces acquisition of transmittable diseases, but it can also
provide a sense of comfort and safety. " Perhaps for this reason,
during the recent COVID-19 pandemic, frontline hospital
staff often used PPE well beyond the standard consistently
recommended by public health authorities such as WHO? or
Public Health England®* recommendations (WHO-PPE).

Examples of additional protective measures include hood-
ed coveralls, shoe covers, double eye protection (goggles and
face shield worn at the same time), or the use of more than one
pair of gloves. This practice, termed super-safe setting PPE
(SSS-PPE), penetrated local policies and hospital guidelines
despite evidence suggesting that it can increase physical load
and impair tactile sensitivity and manual dexterity>° and no
evidence that it brings additional protection.” We therefore
hypothesised that SSS-PPE is inferior to WHO-PPE in terms of
medical personnel and team performance during emergencies
and impairs patient-centred outcomes.

We designed a prospective, randomised, controlled, high-
fidelity simulation-based study, using a scenario of a medical
crisis resulting in the need of cardiopulmonary resuscitation
(CPR). The study protocol was registered at ClinicalTrials.gov
(NCT04742426) and approved by the Research Ethics Board of
the Third Faculty of Medicine of Charles University in Prague.
All participants gave prospective, written informed consent.
We recruited 22 doctors and 44 nurses from the Department of
Anaesthesia and Intensive Care Medicine for the study, all
experienced in caring for ventilated patients with COVID-19.
The mean age of participants was 30 (sp 6) yr, the median
length of practice was 3 yr, and 79% of participants were
women. Participants were divided into 22 teams of three par-
ticipants, each team consisting of one doctor and two nurses.
This powered the study to 80% probability of detecting a 25%
difference in Team Emergency Assessment Measure (TEAM)
scores® (the primary outcome) between groups with a signifi-
cance level of P<0.05.

Baseline performance was assessed during the introduc-
tory 10-min simulated scenario, during which the participants
wore only non-sterile gloves (Scenario 1 in the Supplementary
material). After this, the teams were randomised in a 1:1 ratio,
using blocks of two sealed envelopes, to determine whether
they would be allocated to WHO-PPE (long-sleeved gown,
protective shield, FFP2 respirator, surgical cap, and one pair of
non-sterile gloves)®* or SSS-PPE used routinely in COVID-19

wards at the time (hooded coverall, FFP3 respirator plus sur-
gical mask, protective shield/goggles, three pairs of protective
gloves, surgical cap, and shoe covers). They then went through
the 10-min test scenario, which involved a patient with
COVID-19 suffering a cardiac arrest as a result of hypoxaemia
during failure of tracheal intubation (Scenario 2 in the Sup-
plementary material), and concluded with a structured
debriefing.

The primary outcome measure was team performance
assessed by the TEAM score.® The TEAM score is a validated
scoring system in which an observer awards a score between
0 (never observed) and 4 (always observed) for 11 features
showing positive team attitudes and behaviours. For the first
four scenarios, the scoring was performed independently by
three fully trained observers familiar with TEAM score. They
reached an inter-rater correlation coefficient of 0.958 (excellent
reliability), and the remaining scenarios were scored by only
one observer (see Supplementary material for details). In
addition to the TEAM score, participants self-assessed their
performance with a score ranging from 1 to 10 points, with
higher scores meaning better performance.? Secondary out-
comes were objective, patient-centred indices measuring the
quality and timelines of CPR. We also recorded changes of
physiological values: oxygen saturation (SpO5), heart rate, and
tympanic body temperature in the rescuers. Record-level data
were collected in Excel (Microsoft, Redmond, WA, USA) and
analysed using the statistical software R version 4.2.2 (R
Foundation for Statistical Computing, Vienna, Austria) with
graphical user interface RStudio version 2022.07.2 (RStudio,
Inc., Boston, MA, USA). We used Tidyverse data science library
collection version 1.3.2 (https://www.tidyverse.org/packages/)
for data wrangling and graphical displays.

We recruited and successfully conducted scenario per-
protocol in all 22 teams. There were no differences in their
baseline characteristics. We found a statistically significant
difference in TEAM scores in the SSS-PPE group compared with
the WHO-PPE group (TEAM total score 30.6 [5.6] vs 36.2 [5.0],
P=0.030). Individual components of the TEAM score are shown
in Fig 1. The reduction in TEAM score in the SSS-PPE group was
mainly as a result of worse performance in complex tasks such
assituation reassessmentand anticipation of potential actions.
Nonetheless, there were no differences in the overall quality of
CPR (average Laerdal index 11.5 [1.4] vs 11.2 [4.3] points,
P=0.401), or times to CPR milestones, such as time to start of
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Fig 1. Differences between the WHO and SSS groups in individual components of the Team Emergency Assessment Measure (TEAM). Dots
represent means and horizontal lines 95% confidence intervals. SSS, group in super-safe setup (intervention group); WHO, personal
protective equipment as per World Health Organization recommendation (control group).

chest compressions, time to first effective breath or time to
securing the airway, and time to epinephrine administration.
Measured physiological functions of the rescuers did not differ
either (see full results in the Supplementary material).

In view of the low probability that enhanced PPE increases
staff safety,” our results in the context of other studies”'? bring
further evidence against the common practice of deviating
from the recommended standards by adding additional pro-
tective measures. That SSS-PPE is becoming seen as mandatory
might still have the psychological benefit of staff feeling safer,

but the impairment of soft skills remains a concern. In this
small study we did not find any differences in the physiological
values of the healthcare workers. However, we started with
well-relaxed personnel, who wore PPE for <1 h. In real life, ICU
nurses rotate in 3—6 h cycles, wearing PPE for the entirety of
these shifts. Itis likely that wearing additional PPE will increase
fatigue and further deteriorate individual performance and soft
skills. In addition, the CPR scenario, albeit time-sensitive and
potentially stressful, is a situation for which teams are regu-
larly trained and steps in the management are clear and
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guideline driven. There might be other situations with less clear
guidelines where worse ICU team performance impacts care.
This remains the major weakness of our trial, in addition to the
lack of blinding of the single assessor of the primary outcome,
which might induce observer bias.

In conclusion, use of SSS-PPE compared with WHO-PPE
impaired non-technical skills of the team of rescuers in a
simulated crisis in ICU. Physiological functions of the rescuers
and quality parameters of CPR were not affected.
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Simulation Scenarios Used in the Experiment

Scenario 1 (The Mock Scenario)

Study case 1 — WITHOUT Personal Protective Equipment (PPE)
Time allotment:

10 min

Participants:

1 physician — anaesthetist/intensivist
2 nurses — ICU

Scenario objective:
Hypoxic cardiac arrest, loss of pressure in cuff of endotracheal tube (ETT)

Expected Actions:

Resuscitation

Use ALS algorithm for non-defib rhythm (PEA)
Airway management

Clear communication in PPE

Required Equipment:

SimMan 3G

ICU room setting — ventilator, full crash cart, suction machine, defibrillator, oxygen supply,
airway management equipment

PPE — surgical face mask, gloves, apron

Case story:

Time: 10 am

Location: ICU

Mr. Charles was admitted to our ICU 2 days ago. He has severe Pneumococcal pneumonia.
Antibiotic therapy has been started (pneumococcus sensitive to ampicillin). There was

progression to ARDS. Now he is mechanically ventilated. Nurse was doing routine hygiene.

But the nurse has cut the tube from the cuff of endotracheal tube. No other physicians or
nurses around.

Drugs:
Propofol 1% — 20ml/hour
Morphine 40mg/40ml saline 0,9% - 3 ml/hour

Isolyte 20ml/hour
Nadroparin — 0,6ml — 10 am (administered), 10pm
Ampicillin/sulbactam — 3g — 6am (administered), 12am, 6pm, 12pm
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Lab:
5am — ASTRUP

° pH—7,20

° Pa02 — 7,6 kPa

° PaCO2 - 5,4 kPa

° Na+ 136 mmol/l

° K+ 3,9 mmol/l

° CI- 107 mmol/Il

° Ca2+ 2,27 mmol/l

° Hgb 114g/1

° Glucose — 12 mmol/l

ALT - 0,9 pkat/l
AST - 0,81 pkat/l

BUN - 24,5 mmol/I
Creatinine — 242 mmol/l

Coagulation — in range

Beginning of simulation
Vital signs:

HR: 140/min
BP: 100/50 mmHg

Ventilation: VC-AC — PEEP 10mmHg, RR 28, Vt 400ml, FiO2 75%, loss of peep, leak!
SpO2 85%

After 30 seconds after beginning of simulation:
Sp02% - 85% - decrease to 30% (in 30 seconds)

HR: 140/min
BP: 100/50 mmHg

Ventilation: VC-AC — PEEP 10 mmHg, RR 28, Vt 400 ml, Fi02 75%, loss of peep, leak!

after 60 seconds after beginning of simulation:
PEA — 25 QRS actions/ min

BP: loss of pulse wave
Sp02%: loss of pulse wave

Ventilation: VC-AC — PEEP 10 mmHg, RR 28, Vt 400 ml, Fi02 75%, loss of peep, leak!

Simulation ends after 10 minutes after beginning of simulation.
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Expected management of patient:
Recognition of cardiac arrest

Start CPR
Administer epinephrine
Consider cause of cardiac arrest — recognition of hypoxemic arrest

Airway management — replacement of tracheal tube, capnography monitoring
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Scenario 2 (The Test Scenario)
Study case 2 — IN Personal Protective Equipment (PPE)

Time allotment:

10 min

Participants:

1 physician — anaesthetist/intensivist
2 nurses — ICU

Scenario objective:
Hypoxic cardiac arrest, dislocation of tracheal tube

Expected Actions:

Resuscitation

Use ALS algorithm for non-defib rhythm (PEA)
Airway management

Clear communication in PPE

Required Equipment:

SimMan 3G
ICU room setting — ventilator, full crash cart, suction machine, defibrillator, oxygen supply,
airway management equipment

PPE
1. Full PPE (each participant) — coverall, respirator, surgical mask, protective
shield/goggles, 3 pairs of protective gloves, surgical cap, shoe cover
2. Minimal required equipment for aerosol generating procedures — gown,

protective goggles, FFP2 respirator, protective gloves/shield

Case story:
Time: 10 am

Location: COVID-19 ICU

Mr. Charles was admitted to our COVID-19 ICU 4 days ago. The patient was first day at
HFNO, but his Sa0>% was decreasing. On 2" day he was intubated, mechanically ventilated,
prone position has been started. Now the patient was returned to supine position. No other
physicians or nurses around.
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Drugs:
Propofol 1% - 20 ml/ hour
Morphine 40 mg/40 ml saline 0,9% - 3 ml/ hour

Isolyte 20 ml/ hour

Supportan enteral 50 ml/ hour - STOPPED
Dexamethasone 8 mg — 6 am (administered)
Nadroparin — 0,6 ml — 10 am (administered), 10 pm
Pantoprazole 40 mg — 10 am (administered), 10 pm

Lab:

5am — ASTRUP
) pH-7,28
° Pa02 — 8,3 kPa
° PaCO2 - 5,2 kPa
° Na+ 132 mmol/l
° K+ 4,4 mmol/l
° CI- 104 mmol/l
° Ca2+ 2,3 mmol/l
° Hgb 121 g/l
° Glucose — 7,2 mmol/l

ALT — 1,7 pkat/l
AST — 1,3 pkat/l

BUN - 21,8 mmol/l
Creatinine — 280 mmol/l
last antiXa — 0,56 (yesterday)

Coagulation — in range
Microbiology — pending, Pneumo panel — negat. (sine antibiotics)

Beginning of simulation
Vital signs:

HR: 140/min
BP: 100/50 mmHg

Ventilation: VC-AC — PEEP 10 mmHg, RR 28, Vt 400 ml, Fi02 75%, loss of peep, leak!
SpO2 85%

after 30 seconds after beginning of simulation:
Sp0O2% — 85% — decrease to 30% (in 30 seconds)

HR: 140/ min
BP: 100/50 mmHg



Ventilation: VC-AC — PEEP 10 mmHg, RR 28, Vt 400 ml, Fi02 75%, loss of peep, leak!

after 60 seconds after beginning of simulation:
PEA — 25 QRS actions/ min

BP: loss of pulse wave
Sp02%: loss of pulse wave

Ventilation: VC-AC — PEEP 10 mmHg, RR 28, Vt 400 ml, Fi02 75%, loss of peep, leak!

Simulation ends after 10 minutes after the beginning of simulation.

Expected management of patient:
Recognition of cardiac arrest

Start CPR
Administer epinephrine
Consider the cause of cardiac arrest — recognition of hypoxemic arrest

Airway management —  inserting tracheal tube, correct position, capnography

92



Full Study Report as per CONSORT structure

Impact of Standard vs. Enhanced Personal Protective Equipment onto Team
Performance During Simulated Emergency in ICU: PPE-TEAM Randomised Controlled
Trial

Metodej Renza!, David Peran'2, Roman Sykora'?, Michael Stern!, Vaclav Zvonicek!, Petr
Waldauf' and Frantisek Duska'

! Department of Anaesthesia and Intensive Care Medicine, Charles University, Third Faculty
of Medicine and FNKV University Hospital, Prague, Czech Republic

2 Emergency Medical Services of the Karlovy Vary Region, Karlovy Vary, Czech Republic

Corresponding author address: frantisek.duska@]f3.cuni.cz

Authors:
Metodej Renza
Job Title: Specialist Registrar, PhD Student

Affiliations: Department of Anaesthesia and Intensive Care Medicine, Charles University,
Third Faculty of Medicine and FNKV University Hospital in Prague, Czech Republic

Email: metodej.renza@seznam.cz

Orcid ID: 0000-0003-4398-5789

David Peran
Job Title: Nurse Educator, Assistant Professor

Affiliations: Department of Anaesthesia and Intensive Care Medicine, Charles University,
Third Faculty of Medicine and FNKV University Hospital in Prague, Czech Republic

Email: david.peran@lf3.cuni.cz
Orcid ID: 0000-0001-5135-4974

Roman Sykora
Job Title: Consultant Emergency Medicine, Assistant Professor

Affiliations: Department of Anaesthesia and Intensive Care Medicine, Charles University,
Third Faculty of Medicine and FNKYV University Hospital in Prague, Czech Republic

Email: roman.sykora@]If3.cuni.cz
Orcid ID: 0000-0001-6503-295X

93



Michael Stern
Job Title: Consultant Intensive Care, Assistant Professor

Affiliations: Department of Anaesthesia and Intensive Care Medicine, Charles University,
Third Faculty of Medicine and FNKV University Hospital in Prague, Czech Republic

Email: michael.stern@]If3.cuni.cz
Orcid ID: 0000-0001-9986-9774

Vaclav Zvonicek
Job Title: Consultant Intensive Care, Assistant Professor

Affiliations: Department of Anaesthesia and Intensive Care Medicine, Charles University,
Third Faculty of Medicine and FNKV University Hospital in Prague, Czech Republic

Email: vaclav.zvonicek@]f3.cuni.cz
Orcid ID: 0000-0001-7440-3724

Petr Waldauf
Job Title: Consultant Intensive Care, Assistant Professor

Affiliations: Department of Anaesthesia and Intensive Care Medicine, Charles University,
Third Faculty of Medicine and FNKV University Hospital in Prague, Czech Republic

Email: petrwaldauf(@seznam.cz

ORCID ID: 0000-0003-4668-5837

Frantisek Duska
Job Title: Consultant Intensive Care, Associate Professor

Affiliations: Department of Anaesthesia and Intensive Care Medicine, Charles University,
Third Faculty of Medicine and FNKV University Hospital in Prague, Czech Republic

Email: frantisek.duska@]If3.cuni.cz

Orcid ID: 0000-0003-1559-4078

94



Abstract

Background

In the midst of the COVID-19 pandemic, healthcare professionals frequently utilized personal
protective equipment (PPE) beyond guidelines established by public health agencies. The
purpose of this study was to assess the impact of this additional PPE on team performance
during a medical emergency.

Methods

This was a single-center, prospective, randomized, controlled, open-label study. Twenty-two
teams, each consisting of a physician and two nurses, were randomized in a 1:1 ratio to either
use the standard PPE recommended by the World Health Organization (WHO) or the "Super-
Safe Setup" (SSE). Prior to randomization, all teams underwent a standardized mock scenario
without the use of PPE to establish baseline performance. The primary outcome was team
performance, which was assessed using the Team Emergency Assessment Measure (TEAM)
score. Secondary outcomes included the timing and quality of cardiopulmonary resuscitation
(CPR) and physiological changes of the rescuers.

Results

Compared to the standard PPE recommended by the WHO, the use of additional PPE resulted
in a significant reduction in the non-technical skills of teams (TEAM score 30.6£5.7 vs. 36.2+
5.0, p=0.030). This reduction was mainly due to impaired performance in complex tasks such
as planning, prioritization, and following guidelines. However, there was no significant
difference in the quality or timing of milestones during simulated CPR. Additionally, there were
no differences in the physiological responses of the rescuers.

Conclusions

In a simulated crisis, the use of additional PPE compared to the WHO-recommended PPE
resulted in a degradation of non-technical team skills. However, this did not translate into any
noticeable deterioration in patient-centered outcomes, such as the quality or timing of CPR.

Key words: non-technical skills; quality of resuscitation; personal protective equipment,
simulation, TEAM score

Abstract has 246 words, 5 key words.
Registration: NCT04742426 at clinicaltrials.gov
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Background and objectives

Healthcare professionals rely on personal protective equipment (PPE) as a key safety measure
in their daily work!**. While PPE prevents the acquisition of transmittable diseases, it can also
create a feeling of safety. However, wearing PPE can increase physical load and hinder
interactions with patients, other healthcare workers, and the environment, which may lead to
adverse events'™. During the COVID-19 pandemic, ICU staff faced unprecedented challenges
when working long shifts while wearing PPE in understaffed units. Studies have shown that the
use of PPE in this context prolonged the time to intubation but did not affect success rates'>"4,
The effect of PPE on the quality of cardiopulmonary resuscitation (CPR) is still unclear and
there is conflicting evidence!® 118,

During the COVID-19 pandemic, frontline hospital staff frequently used personal protective
equipment (PPE) beyond the standard recommendations of public health authorities, such as
the World Health Organization (WHO)’, the European Centre for Disease Prevention and
Control (ECDC)®, the Centers for Disease Control and Prevention (CDC)’, and Public Health
England®®. The standard PPE consists of FFP2 or FFP3 respirators, goggles, gloves, and a
water-resistant apron or long-sleeved gown, and is referred to in this study as WHO-PPE.

Some hospitals adopted additional measures, such as hooded coveralls (e.g., Tyvek), shoe
covers, double eye protection (goggles and face shield worn simultaneously), or multiple pairs
of gloves, which are collectively referred to as super-safe setting personal protective equipment
(SSS-PPE). Despite the lack of evidence that SSS-PPE provides additional protection against
infectious diseases!®!!, it has been incorporated into local policies and hospital guidelines.
Although there is limited data on the impact of SSS-PPE on performance!'’, it is reasonable to
expect that the use of hooded coveralls and double eye protection may reduce the ability to hear,
see, and communicate within a medical team, shoe covers may reduce gait stability, and
multiple gloves may impair manual dexterity.

We hypothesized that the SSS-PPE, when compared to the standard PPE, may be associated
with worse performance of individuals and the team during emergencies and, in turn, impair
patient-centered outcomes. We conducted a prospective, randomized controlled study to
investigate the impact of SSS-PPE, compared to standard PPE, on team performance and
patient-centered outcomes in a medical crisis resulting in the need for CPR in a high-fidelity
simulation setting.

Methods

Design

This study was a single-center, prospective, randomized, controlled, open-label simulation-
based study that was conducted between November 2021 to April 2022. The study was a priori
registered on 8th February 2021 at ClinicalTrials.gov under the number NCT04742426, and
CONSORT guidelines were followed when preparing the trial protocol and the manuscript.

Setting
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The study took place at the Medical Simulation Centre of the Third Faculty of Medicine,
Charles University in Prague, Czech Republic, where the air-conditioned room temperature was
set to 22 degrees Celsius throughout the study. The equipment of the simulation center matched
the equipment used in an intensive care unit, including vital signs monitor, defibrillator, suction
unit, resuscitation trolley, ventilator, oxygen supply, and airway management equipment, which
was known to all study participants from routine clinical settings.

Population
Inclusion and exclusion criteria

We enrolled, by email advertisement, 22 doctors and 44 nurses on a first-come, first-served
basis. Participants had to be fully registered and actively practicing in intensive care and had
had exposure to looking after ventilated patients with COVID-19. There was no financial
incentive, but the participation in the study was recognized as a surrogate for the yearly crisis
simulation training, which is mandatory for all healthcare providers working in the intensive
care unit of the University Hospital Kralovske Vinohrady. Latex allergy or other health issues
incompatible with the study protocol were considered exclusion criteria.

Informed consent process

Each participant was informed about the study procedures and the broad aims of the study
before signing informed consent. Details about what components of the participants
performance would be measured were not disclosed before the study, but they were available
to them upon request afterwards. The protocol and informed consent form were approved by
the Ethical committee of the Third Faculty of Medicine of Charles University (approval number
03/2021).

Sample size

Sample size was determined based on mean TEAM performance score in a similar study'®
(3.3+0.7), therefore 22 teams (i.e., 11 teams per group) led to an 80% probability of detecting
a 25% difference of TEAM scores between groups at p<0.05.

Study procedures in intervention and control groups

Baseline assessment

Teams were assembled randomly based on their availability at the scheduled time, with each
team comprising one doctor and two nurses. All sessions began with a standardized 20-minute
introduction, which aimed to familiarize the participants with the equipment and the
environment. Afterward, the participants' baseline physiological values were measured, which
included body temperature and oxygen saturation levels. Body temperature was measured using
a non-contact thermometer on the temporal region (Geratherm Medical AG, Germany), and
oxygen saturation was measured using a pulse oximeter on the right hand's index finger

(Mindray PM60, United Kingdom).

Mock scenario
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Next, the teams were exposed to a standardized 10-minute mock scenario (refer to Scenario 1
in the Supplementary Appendix), which involved a situation that required immediate CPR.
Participants only used standard medical gloves as protective measures during this mock
scenario. We recorded non-technical skills and CPR quality parameters (details below) during
the mock scenario. Immediately after the mock scenario, we measured the participants'
physiological values again. After this there was a 20-minute break, during which the
participants were advised to rest.

Randomisation

After completing the mock scenario, the teams were randomly assigned to either the WHO PPE
or SSS groups. We used blocks of two sealed envelopes to conduct randomization in a 1:1 ratio.
Each participant in the SSS group wore a hooded coverall (Tyvek®, DuPont, Sandweiler-
Contern, Luxembourg), FFP3 respirator (General Public s.r.o., Liberec, Czech Republic),
surgical mask, protective shield/goggles, three pairs of protective gloves, a surgical cap, and
shoe covers. In comparison, participants allocated to the WHO PPE used a long-sleeved,
nonwoven 25g/m2 gown, protective goggles, a FFP2 respirator (General Public s.r.o., Liberec,
Czech Republic), a surgical cap, and a single pair of non-sterile gloves.

Test scenario

After allocation to either the WHO PPE or SSS group the participants underwent the test
scenario, which lasted for 10 minutes and involved a patient with COVID-19 who was
experiencing cardiac arrest due to hypoxia caused by intubation failure (refer to Scenario 2 in
the Supplementary Appendix). We recorded the same measurements as in the mock scenario
before, during, and after the scenario. The session concluded with a structured debriefing.

Outcomes
Primary outcome

The study's primary outcome measure was the performance of emergency medical teams, as
assessed using the validated Team Emergency Assessment Measure (TEAM).2*?! This scoring
system involves an observer rating the team's performance on eleven parameters that describe
positive attitudes and behaviors, with scores ranging from 0 (never observed) to 4 (always
observed) points. In addition to the individual parameter scores, there is a global score that
assesses the team's overall performance on a scale of 1 to 10, with 10 being the highest possible
score. The total score is the sum of the scores for each of the eleven parameters. The TEAM
scoring was conducted by a trained observer (MR) who was unblinded to the team allocation.
Participants also self-assessed their performance using a score ranging from 1 to 10 points,
where 10 represents the highest level of performance. To ensure the reliability of the TEAM
scoring tool, a second trained observer (DP, MS, VZ) performed an independent evaluation of
a randomly chosen subset of four assessments to check for inter-rater variability.

Secondary outcomes

The study's secondary outcomes focused on measuring the quality and timeliness of
cardiopulmonary resuscitation (CPR) using objective, patient-centered metrics. These metrics
included the overall quality of resuscitation index (%), which was analyzed using Laerdal
simulation software (LLEAP, version 7.3.0/winter 2021). The index takes into account the
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frequency and quality of chest compressions and artificial breaths, providing a comprehensive
measure of resuscitation quality.

In addition, individual CPR quality indices were analyzed separately for exploratory purposes.
Further details can be found in the Supplementary Appendix — Table 2.

The study also analyzed the time it took to achieve specific CPR milestones, as defined by the
European Resuscitation Council Guidelines 2021.22. These milestones included the time from
arrest to first chest compression (arrest recognition), time to first ventilation, time to secure
airways (i.e., intubation), and the times for administering adrenaline.

Overall, the study's secondary outcomes provided a comprehensive evaluation of CPR quality
and timeliness using a range of objective measures that reflect best practices in resuscitation.

Exploratory outcomes

The study's exploratory outcomes included assessing changes in physiological values among
the rescuers, including oxygen saturation (SpO2), heart rate (HR), and body temperature (BT).
These measures were taken before and after the resuscitation attempt to determine any changes
in the rescuers' physiological status.

Statistical analysis

Statistical analysis was performed using R version 4.2.2 with graphical user interface RStudio
version 2022.07.2%3% Data are presented as means + standard deviations, medians (interquartile
range), or percentages as appropriate. Comparisons between groups were made using the
Student T-test, the Mann-Whitney U test, the Chi-Square test, or log-rank test as appropriate.
Record-level data was collected in Excel and analyzed using the tidy verse data science library
collection version 1.3.2 for data wrangling and graphical displays®. A p-value less than 0.05
was considered statistically significant for all tests.
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Results

Recruitment and baseline parameters

The study recruited and successfully conducted per-protocol procedures in 22 teams (100% of
target), consisting of 22 doctors and 44 nurses (Figure 1). Baseline characteristics of the
participants were similar, except for a higher heart rate in the SSS-PPE group (see Table 1).
Quality indices of CPR during the mock scenario were not different between the two groups

(see Supplementary Appendix Table 1).

Team members Team members p

randomised to randomised to SSS

WHO (n=33) (n=33)
Age (years; mean, SD) 30.9 (7.8) 30.0 (7.5) 0.602
Gender (%female; mean, SD) 84% (n=28) 72% (n=24) 0.228
Length of practice (months; median, IQR) 37 (8;160) 30 (8;94) 0.408
COVID-19 ward exposure (weeks; median, IQR) 12 (8;22) 10 (8;14) 0.762
Exposure to previous simulation sessions (n, self- 4 (3;10) 5(5;10) 0.743
reported; median, IQR)
TEAM Performance at baseline (mean, SD) 33.9+6.7 36.5+54 0.360
Rescuers’ heart rate 100+23 114421 0.013
Rescuers’ SpO2 97.5+1.4 97.6£1.5 0.160
Rescuers’ tympanal temperature 36.6+£0.4 36.7+0.4 0.206

Table 1: Baseline study subject characteristics (differences in years/months/weeks and
performance tested by Student T test, gender by Chi-Square test). Note: TEAM score measures
non-technical skills of the team and ranges from 0 (worst performance) to 44 (best
performance); SSS = group in super-safe setup (intervention group); WHO = personal
protective equipment as per World Health Organisation recommendation (control group).
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Study participants (n=66)

Ineligible participants due to
inexperience with COVID19
ICU (n=0)

u

Written informed consent obtained (n= 66)

Eligible participants + oral and written
information about the study provided (n=66)

ENROLMENT

Ineligible participants due to
refusal of written informed
i consent (n=0)

Physiological values measurement (HR, BT,
Sp0,%)

\

SIMULATION 1 — mock scenario — no PPE (n= 66) TEAM score reported,
simulation report

!

Physiological values measurement (HR, BT,
SpOz%)

.

Block randomization 1:1

v

Physiological values measurement (HR, BT,
SpOz%)

/\

SSS-PPE (Super safe setting — WHO-PPE (minimum required
personal protective equipment for aerosol
equipment) (n=33) generating procedures) (n=33)

} }

v v

ALLOCATION

SIMULATION 2 in PEE (SSS/WHOQ) — TEAM score reported, simulation report

}

Structured debriefing

Figure 1: Study flowchart. The TEAM score is an assessment of the team’s non-technical skills
ranges from 0 (worst performance) to 44 (best performance). SSS = super-safe setup personal
protective equipment (intervention group). WHO-PPE = personal protective equipment as per
World Health Organisation recommendation (control group).
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Primary outcome

The primary outcome of the study was the overall non-technical skills of the teams measured
using the TEAM tool. The overall TEAM score at baseline was similar for both groups.
However, the SSS group performed significantly worse compared to the WHO PPE group. The
TEAM total score was 30.6+£5.6 in the SSS group, compared to 36.2+5.0 in the WHO group
(p=0.030). The TEAM global score was also significantly lower in the SSS group, with a score
of 6.5 (1.4) compared to 7.7 (1.1) in the WHO group (p=0.044). Individual components of the
TEAM score are shown in Figure 2, indicating that the reduction in TEAM score in the SSS
group was mainly due to worse performance in complex tasks, such as reassessment of the
situation and anticipation of potential actions.
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Q14 | 1 i The team leader let the team know what was
expected of them through direction and command.
The team leader maintained a global perspective

Q2 - P——

Q34 e The team communicated effectively

Q4 H-o— The team worked together to complete tasks in a
timely manner

Q5 - o—i The team acted with composure and control

Q6 - H—e—i The team morale was positive
The team adapted to changing situations

Q74 H-e—

08 i —e— The team monitored and reassessed the situation

QQ o —e— The team anticipated potential actions.

Q104 He— The team prioritized tasks
Q11 1 —— The team followed approved standards/guidelines
Global score4  p—e—
TEAM score - b ® /
Self-assessment4 He—
T L] T T
0.0 2.5 5.0 7.5 10.0

SSS better «—— \WHO better

Figure 2: Differences between the WHO-PPE and SSS-PPE groups in individual components
of the Team Emergency Assessment Measure (TEAM).

Dots represent means and horizontal lines 95% confidence intervals. Note: SSS = group in
super-safe setup (intervention group). SSS = super-safe setup personal protective equipment
(intervention group). WHO-PPE = personal protective equipment as per World Health
Organisation recommendation (control group).
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Secondary outcomes

There was no difference in the overall quality of CPR between the two groups, as measured by
the Average Laerdal index. The SSS group scored 11.5+1.4 points, while the WHO group
scored 11.2+4.3 points (p=0.401). Details of the components of the CPR quality indices are
shown in Supplementary Appendix Figure 3. Additionally, there was no difference in the time
to reach CPR milestones, such as the time to start chest compressions, time to first effective
breath, or time to securing the airways and times to adrenaline administration (Figure 3).

Figure 3. Kaplan-Meier analysis of time-related secondary outcomes. SSS = super-safe setup

personal protective equipment (intervention group). WHO-PPE =

equipment as per World Health Organisation recommendation (control group).
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There were no differences in measured physiological functions of the rescuers as shown in

Table 2.
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Group Group p

WHO SSS

(n=33) (n=33)
End-of-session  heart rate 107420 (+19+16) 118423 (+23+16) 0.348
(change since baseline, bpm)
End-of-session SpO> (change 97.5£1.0 97.6£1.3 0.945
since baseline, %) (-0.3+1.8) (-0.3+1.8)
End-of-session  temperature 36.6+0.4 36.8+0.5 0.15
(change since baseline, °C) (-0.2+0.5) (+0.13£0.5)

Table 2: Physiological changes in the participants before and after the simulated scenario.

SSS = super-safe setup personal protective equipment (intervention group). WHO-PPE =
personal protective equipment as per World Health Organisation recommendation (control

group).
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Discussion

In our prospective, randomized controlled study, we found that adding additional PPE to the
standard recommended gear decreased team performance during a simulated intensive care
crisis scenario. However, we did not observe any significant differences in patient-centered
objective outcomes between the two groups. Both groups achieved similar quality CPR and
reached time-sensitive milestones, such as recognizing cardiac arrest, during the crisis. We also
found no adverse effects on the physiological values of the rescuers. It is important to note that
the management steps in CPR scenarios are clearly defined and guideline-driven, and teams
receive regular training in this regard. Nonetheless, situations that lack clear guidelines could
potentially result in worse ICU team performance that may negatively affect patient care.

Wearing respirators can reduce the clarity of speech, and using additional mouth coverings,
such as surgical masks and face shields, can make communication more difficult or even
impossible!”. However, healthcare workers tend to compensate for these difficulties by
increasing their focus and attentiveness during basic life support®®. The impact of PPE on
objective quality indices is still a matter of debate. Some studies have found that using PPE can
result in a slower pace of chest compressions, less chest recoil, or incorrect compression depth,
leading to worse patient outcomes'>!®2”. However, other studies, including a meta-analysis,
have shown no significant difference in the quality of CPR with the use of PPE?**. Similarly,
studies on the influence of PPE on manual dexterity have yielded conflicting results'”®, but
there is evidence that both intubation times'* and the time to secure i.v. access can be
prolonged®. Given the uncertainty surrounding the impact of PPE on CPR quality and manual
dexterity, the European Resuscitation Council released modified guidelines for resuscitation in
patients with confirmed or suspected COVID-19 in 2020°!.

Considering research showing that additional PPE is unlikely to increase staff safety®*®, our

study adds to the growing evidence against the common practice of deviating from
recommended PPE standards by adding extra protective measures. This practice can lead to the
normalization of deviation, where the additional measures become perceived as mandatory,
reducing the psychological benefit of feeling safer, while impairing soft skills. Although we did
not find any significant differences in the physiological values of healthcare workers in this
short study, it should be noted that our personnel wore PPE for less than one hour, and in real-
life situations, ICU nurses rotate in 3—6-hour cycles wearing PPE. The use of additional PPE
may increase physical burden, cause fatigue, and likely deteriorate individual performance and
soft skills further!”.

While our study is a prospective, randomized controlled trial with a priori registered protocol
and a relatively large sample size, it does have some limitations. The primary outcome measure
was based on a subjective evaluation by an evaluator who could not be blinded to arm
allocation, which could introduce bias. In addition, the voluntary recruitment of participants
may have led to selection bias. Moreover, the use of a simulated environment with manikins
may not fully reflect real-life crisis situations. It is important to keep these limitations in mind
when interpreting the results of this study and further research is needed to confirm our findings
in a more representative setting.
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Conclusions

Our study demonstrates that using additional PPE beyond the WHO-recommended standards
can negatively impact the non-technical skills of ICU rescuer teams during a simulated crisis.
However, we found no adverse effects on the physiological functions of the rescuers or on the
quality parameters of CPR.
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Supplementary Data Visualisation
Components of TEAMS Score in Mock and Test Scenarios
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Figure S1: Differences between the WHO and SSS groups in individual components of the Team Emergency
Assessment Measure (TEAM) in Scenario 1, performed at baseline with test subjects wearing no PPE but
gloves. Scenario 2 is after randomisation to either wear WHO recommended PPE or super-safe setup (SSS).
Dots represent means and horizontal lines 95% confidence intervals.
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Detailed Data on Quality of resuscitation during MOCK scenarios

Indices Group 1 Group 2 p

Quality overall | 11(10:12) 12(11;12) | NS
(%)

Compressions 923.81 879.10 NS
count (n) (53.55) (94.38)

Mean 41.55(5.15) | 42.36 (4.46) NS
compression
depth (mm)

Correct 11 (3;24) 28 (17;38) NS
position of
hands (%)

Sufficient 95 (77;98) 94 (84;97) NS
release of chest

(%)

Sufficient 12 (1;34) 20(10;34) NS
depth of
compressions

(%)

Frequency of | 119.73 (8.82) 116.55 NS
compressions (10.95)
average
(x/min)

Secondary outcomes — Quality of resuscitation

Correct 52 (33,73) 69 (51;79) NS
frequency  of
compressions
(%)

Total 158.18 181.27 NS
ventilations (n) (71.86) (50.96)

Mean volume 545.81 633.55 NS
(ml) (196.30) (116.60)

Average 15.72 (7.20) | 16.55(5.28) NS
frequency  of
ventilations
(x/min)
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q

Too big 52 (0;63) 37 (6;58) NS
ventilation
volume (%)
Correct 36 (19;45) 62 (35;73) NS
ventilation
volume (%)
Too small 3(1;22) 4(2,9) NS
volume of
ventilation (%)
Detailed Quality of Resuscitation Indices During Test Scenario
Indices WHO SSS p
Quality overall (%) 12 (11;12) 12 (11;13) NS
Compressions count (n) 955.45 (51.70) | 967.63 (88.94) | NS
Mean compression depth (mm) 40.64 (4.59) 41.72 (2.38) NS
=
©)
§ Correct position of hands (%) 7 (1;9) 1(0;6) NS
§3)
% Sufficient release of chest (%) 82(81;98) 97 (84;99) NS
—
qi Sufficient depth of compressions (%) 4 (2;25) 9 (6;14) NS
§ Frequency of compressions average | 120.91 (7.52) 119.00 (9.95) NS
< | (x/min)
% Correct frequency of compressions (%) 66 (32;74) 67 (34;88) NS
Q
3 | Total ventilations (n) 171.18 (122.10) | 194.18 (50.10) | NS
>
—
—‘é Mean volume (ml) 600.72 (141.66) 647.18 NS
;)g (163.73)
Average frequency of ventilations (x/min) | 18.45 (11.07) 19.36 (4.57) NS
Too big ventilation volume (%) 21 (5;40) 54 (2;80) NS
Correct ventilation volume (%) 71 (31;83) 46 (21;81) NS
Too small volume of ventilation (%) 6 (2;8) 5(0;7) NS
v § Time to first compression (sec) 83.09 (22.30) 87.45 (25.60) NS
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Time to first ventilation (sec) 117.73 (84.40) 83.82 (42.53) NS
Start with bag mask ventilation first (%) 36% (n=4) 9% (n=1) NS
Intubation first | Intubation first
(n=7) (n=10)
Time to intubation (sec) 143.45 (95.86) | 97.27 (75.43) NS
Time to 1% epinephrine (sec) 166.09 (55.72) | 175.36 (65.39) | 0.347
Time to 2™ epinephrine (sec) 316.09 (75.53) | 347.81(86.02) | NS
Time to 3™ epinephrine (sec) 470.78 (52.47) | 500.29 (60.47) | NS
Administration of 3™ epinephrine (%) 82% (n=9) 64% (n=7) NS
A SpO2 -0.27 (1.80) -0.30 (1.76) NS
Temperature before (°C) 36.78 (0.31) 36.71 (0.35) NS
Temperature after (°C) 36.60 (0.37) 36.83 (0.53) | <0.05
AT -0.18 (0.47) +0.13 (0.54) | <0.05
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Abbreviation list

ALS — Advanced Life Support

ALT — Alanine Transaminase

ARDS — Acute Respiratory Distress Syndrome
AST — Aspartate Aminotransferase

BUN — Blood Urea Nitrogen

C - Celsius

CDC- Centres for Disease Control and Prevention
CONSORT - Consolidated Standards of Reporting Trials
COVID - Corona Virus Disease

CPR — Cardiopulmonary Resuscitation

ECDC - European Centre for Disease Prevention and Control
ETT — Endotracheal Tube

FFP — Filtering Face Pieces

FiO2 - fraction of inspired oxygen

ICU — Intensive Care Unit

Lab - Laboratory

mm - millimetre

NS — Not Significant

PEA — Pulseless Electric Activity

PEEP — Positive End-Expiratory Pressure

PPE — Personal Protective Equipment

sec - second

SpO2 - Oxygen saturation

SSS — Super Safe Set-up

TEAM - Team Emergency Assessment Measure
VA-AC — Volume Control - Assist Control

Vt — Tidal volume

WHO — World Health Organisation
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Pilot implementation of the competence

of Czech paramedics to administer sufentanil
for the treatment of pain in acute trauma
without consulting a physician: observational
study

Metodej Renza'", Roman Sykora'?, David Peran'~, Kristina Hricova®, Nikola Brizgalova', Petra Bakurova' and
Milog Kukacka'

Abstract

Background: The use of intravenous opioids in the traumatic pain in pre-hospital care in the Czech Repubilic is
based primarily on the indication of a physician. If the paramedic crew arrives at the site earlier or only on their own,
analgesia is given after phone-call consultation with the physician or after his arrival at the site. The objective of this
study was to evaluate the safety and efficacy of the indication and administration of sufentanil by paramedics in the
treatment of pain in acute trauma adult patients without the physician’s control.

Methods: Paramedics underwent voluntarily the simulation training aimed at administering intravenously sufentanil
to treat pain in acute trauma in adults without physician’s indication. Subsequently, the adverse events and efficacy
were monitored for a six-month period and compared in two groups: administration of sufentanil by paramedics
without this competence, who further consulted the administration by telephone with physicians (group Consulta-
tion) and those with this competence (group Competence).

Results: A total number of sufentanil administration in group Consultation was 88 and in group Competence 70.
There was no respiratory arrest, bradypnea, or need for oxygen therapy reported in any of the study groups. The inci-
dence of nausea was 3% in both groups — Consultation (n=3) and in Competence (n=2). Vomiting was not reported
in the Consultation group and in 6% in the Competence group (n=4). Intravenous antiemetic drugs were used in
the Consultation group only in 1% (n=1) and in the Competence group in 7% of patients (n=>5) (p<0,05). In both
groups there was observed a decrease in the pain numeric rating scale (Consultation: M=—3,2; SD= 1,2 points vs.
Competence: M=—3,9; SD =1,8 paints).

Conclusion: Intravenous administration of sufentanil by properly trained paramedics without consultation with a
physician in acute trauma can be considered safe.

Keywords: Prehospital care, Analgesia, Sufentanil, Paramedic, Simulation, Trauma
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competencies, systems of providing pre-hospital emer-
gency care differ. In many European countries, also in
the Czech pre-hospital emergency care, the system is his-
torically dependent on physicians [2, 3]. Competencies of
paramedics are based on specific legal norms and educa-
tion of healthcare professionals and differs all around the
world [4, 5]. Paramedic’s crews in the Czech Republic do
not have the competency to administer analgesic medi-
cation without direct supervision of or without phone-
call consultation with an EMS physician [6]. It must be
stated that shortage of physicians in the Czech EMS sys-
tem due to personnel and economic reasons leads to an
increasing emphasis on the competencies of paramed-
ics. However, the Czech system of healthcare legislation
allows the employer or organization to delegate certain
competencies to paramedics within completely standard
procedure in a defined situation (also known as Stand-
ard Operating Protocol). Among the growing number of
competencies of Czech paramedics there is still a need
to treat acute pain in acute traumatic injuries with opi-
oids in the case of less serious cases where no ambulance
crew with physician is dispatched to the scene [7]. At pre-
sent, the absence of a physician in the ambulance crew
on site leads to the need for a telephone consultation or a
request for the arrival of a physician, which prolongs the
time until effective analgesia and prolongs the patient’s
suffering. In addition, during and after the telephone
consultation, the EMS physician is not present on the
scene to address any complications.

Objectives

Primary objective of this study was to evaluate the safety
and efficacy of indication and administration of the
sufentanil in treatment of pain in acute trauma patients
by paramedics without the physician’s control.

Methods

Prior to the study a questionnaire survey focused on pain
management in acute trauma among all paramedics of
the EMS of Karlovy Vary Region was conducted (n=115,
return rate 81% (n=95)). Based on main results of this
survey the proposed competency to administer sufentanil
by trained paramedics in acute trauma was identified as
necessary for 80% (n=76) of paramedics. Subsequently,
this competence was determined as voluntary. A total
of 39 paramedics signed up and completed training
program to administer sufentanil in acute trauma. Age,
gender, length of practice and level of medical education
(whether university or higher professional school) were
monitored in the group of paramedics who volunteered
to acquire the competence. The training consisted of the-
oretical e-learning part (14 days prior the training) and
one training session (4 h) based on medical simulations
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during August 2020. The training covered pharmacologi-
cal and clinical information and specific indication cri-
teria (case of acute traumatic pain without the presence
of physician on site, adult patient without impaired con-
sciousness, hemodynamic stability) and also the train-
ing of detection and management of complications, with
special emphasis on respiratory depression and bag mask
ventilation was trained. Sufentanil was titrated, based on
clinical effect, by 5 pg up to 20 pg of maximal possible
dose within this competence. The final verification of the
competence of paramedics was evaluated by 3 instructors
(anaesthesiologists working in EMS) during six simula-
tion scenarios, hands-on station with bag mask ventila-
tion and by final written exam focused on side effects,
indication criteria and dose of sufentanil.

Study design

This was a single centre, prospective, observational study
with two monitored groups. The educational program,
definition of competence and its implementation to inter-
nal standard of carc was approved by the Medical Board
of Emergency Medical Services of Karlovy Vary region on
22™ of May 2020. The study protocol and conduction of
the study was approved by Ethical Committee of Emer-
gency Medical Services of Karlovy Vary Region regis-
tered with State Institute for Drug Control of the Czech
Republic on 11%of September 2020 under ref. no. ZN/78/
ZZSKVK/20. Informed consent was not required from
patients with acute trauma pain. It was carried out within
the framework of tacit consent after standard informa-
tion about the planned procedure within the provision
of pre-hospital emergency care according to the Czech
legislation ((Health Services Act No. 2011, 372 (CZ)) [6].
The protocol of the trial was retrospectively registered at
clinicaltrials.com (NCT04913402).

Study location

The study was conducted at EMS of Karlovy Vary Region,
Karlovy Vary, the Czech Republic during 6-month period
from 11" of September 2020 to 22" of March 2021. A
total number of 20.406 patients were treated during the
study period by crews of EMS of Karlovy Vary Region.

Participants and interventions

All cases of administered sufentanil were checked
from electronical patient documentation (,ePaRe “ -
part MZD, European Medical Distribution Ltd., Bra-
tislava, Slovak Republic). Subsequently, only events
which met eligibility criteria were included in analy-
sis. Eligibility criteria consist of a) administration
of sufentanil by paramedics on site without physical
presence of physician in acute traumatic pain, b) adult
patients (at least 18 years old), ¢) no impairment of
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consciousness (defined as Alert and Glasgow Coma
Scale =15), d) who is hemodynamically stable (defined
by systolic blood pressure>100 mmHg and without
presence of bradycardia bellow 60 beats per minute).
The two study groups were identified from eligible
cases of patients with pain in acute trauma, who were
given sufentanil 1) by paramedics in a routine way,
after telephone consultation with an EMS physician
(Consultation) and 2) who were given sufentanil by
competent paramedics themselves (Competency). In
the Competency group, the paramedics were allowed
to administer sufentanil intravenously up to 20 pg. The
recommended pain Numeric Rating Scale (NRS) score
for consideration of sufentanil administration was
above 4 points.

Baseline characteristics of both groups were obtained
from electronical patient documentation: age, gender,
NACA score (National Advisory Committee for Aero-
nautics), type of trauma (lower or upper limb, trauma of
torso, head injury), dose of sufentanil and if there was
fractional dosc administration, and proportion of cases
where additional non-opioid analgesia (paracetamol)
was used.

Outcome measures

To measure the safety and efficacy of sufentanil admin-
istration information were extracted from electroni-
cal patient documentation. Incidence of respiratory
arrest (the need for bag mask ventilation); bradypnea
(less than 10 breaths per minute); or need for oxygen
therapy (defined as decrease of SpO, under 92 percent).
Then the frequency of complete NRS reporting (before
sufentanil administration and at the handover) were
determined. Other adverse effect of sufentanil admin-
istration (incidence of nausea and vomiting and need
for intravenous antiemetic drug — thiethylperazin) was
evaluated. Moreover, the heart rate, blood pressure,
SpO, and respiratory rate before sufentanil administra-
tion and at the handover were noted.

Statistical methods

No sample size was calculated prior to the study but the
period of half a year was set for evaluation. Due to the
character of observations and predefined groups of para-
medics with and without competency no randomization or
blinding was used. Baseline characteristics and outcomes
among study groups were tested by t-test for ordinal and
Chi-square test for nominal variables. Statistical software
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STATISTICA 7.0 (StatSoft, Inc., Tulsa, Oklahoma, USA)
was used for statistical analysis and calculations.

Results

The selection of eligible and description of excluded
cases is presented in the flow diagram (Fig. 1). Baseline
characteristics of the paramedics with competency are
compared with those who did not volunteer in Table 1.
A total number of sufentanil administered intrave-
nously to patients with acute trauma by paramed-
ics after phone call consultation with EMS physician
(group Consultation) was 88 and by paramedics with
competency without any consultation (group Compe-
tence) was 70.

The baseline characteristics of both groups includ-
ing the spectrum of injuries and pharmacotherapy is in
detail described in Table 2. The dose of intravenously
administered sufentanil was almost identical in both
groups (Consultation: M = 9.1; SD = 2.0 micrograms
vs. Competence: M = 9.4; SD = 2.4 micrograms).

In terms of rcporting the occurrence of adverse
events (Table 3) there was no respiratory arrest or
bradypnea reported in any of the study group as well
as the need for oxygen therapy after sufentanil admin-
istration. The incidence of nausea was the same in both
groups: Consultation; #=3 (3%) vs Competence; n=2
(3%). Vomiting after sufentanil administration was not
reported in the Consultation group and despite the
incidence of vomiting (6%) in the Competence group
(n=4) this result did not reach statistical significance.
Similarly, intravenous antiemetic drugs were used less
frequently in the consultation group only in 1% (n=1)
than in the Competence group in 7% of patients (n=5)
((*(1, N=158) = 3,85, p < 0,05).

In both groups there was a decrease of pain in the
NRS (Consultation: M=—3,2; SD=1,2 points vs.
Competence: M=—3,9; SD=1,8 points) without a
statistically significant difference between the groups:
t(81)=-1,58. p=0,059. Complete NRS reporting was
significantly more frequently reported in the Compe-
tency group in 86% (n=60) compared to 26% (n=23)
in the Consultation group (x*(1, N=158)=47,35, p<0
,0001). From such disproportionately reported data, a
significant difference in the NRS was evident between
Consultation (M=—6,4; SD=1,5) and Competency
group (M=-—7,9; SD=1,4): t(81)=-4,05, p<0,05 as
presented in Table 4.

Any significant effect of sufentanil administration on
systolic and diastolic blood pressure, heart rate, periph-
eral oxygen saturation and respiratory rate was not
observed and its differences in patients of both groups
before administration of sufentanil and on handover
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{ Assessed for eligibility ]

period (n = 346)

Intravenous sufentanil administration in analyzed

Excluded due to physician on scene

(n=144)

[ Enrollment ]

(n=203)

Sufentanil administration by paramedics on site without physical presence of physician

[ Allocation ]

Sufentanil administered after phone call
consultation with physician
(n=133)

Excluded cases:
Chronic pain (n = 30)
Non-traumatic pain (n =4)
Children <18 years (n=7)

Not completed documentation
(n=2)

Sufentanil administered without
consultation with physician
n=72)

Excluded cases:
Children < 18 (n=2)

[ Analysis ]

Study group: CONSULTATION
(n=88)

Fig. 1 Flow diagram
p.

Study group: COMPETENCY
(n=70)

Table 1 Baseline statistics of group of paramedics without and
with competence

CONSULTATION COMPETENCE

(n=76) (n=39)
Age (years) 44.7 (9.6) 44,1 (8.5) NS
Gender (women) 63% 5994 NS
University education 28% 44% NS*
Length of praxis (years) 215(10.0) 204 (8.9) NS

Data are presented as mean and standard deviation or as number and
percentage

NS Not Significant
* p=0.085

(Table 5) and the values between both study groups did
not differ significantly as well.

Discussion

This study focused on the creation of a new competence
for paramedics in a physician-based system of prehospi-
tal emergency care [2], when paramedics usually do not
have the competence to administer opioid analgesics. On
the other hand, due to the urgency of emergency calls,
paramedic’s crews are often sent to cases of less serious
trauma on their own without a doctor crew [7]. These
trauma patients are obviously in pain and paramedics
should either call a doctor on the scene or consult him
for analgesia administration. From the available opioids
provided in pre-hospital care in the Karlovy Vary region
of the Czech Republic, the most frequently used opioid
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Table 2 Sufentanil administration baseline statistics

CONSULTATION COMPETENCE

(n=88) (n=70)
Age (years) 64,6 (19,7) 65,7 (20,0 NS
Sex (women) 61 (69%) 39 (56%) NS
NACA scare 25 (0,5) 2,41(0,5) NS
Trauma of lower limb 57 (65%) 35 (50%) NS?
Trauma of upper limb 23 (26%) 22 (31%)
Trauma of torso 8 (9%) 13 (19%4)
Trauma of head 0 0 NS
Dose of sufentanil (ug) g1 (2.0 94(24) NS
Fractional administration 24 (27%) 20 (29%) NS
Additional non-opioid 12 (149) 10 (139%) NS

analgesia

Data are presented as mean and standard deviation or as number and
percentage

NS Not Significant, NACA National Advisory Committee for Aeronautics
2The 3 x 2 contingency table to calculate Chi square statistics was used

Table 3 Adverse events and its treatment after intravenous
sufentanil administration in trauma

CONSULTATION COMPETENCE

(n=88) {n=70)

Respiratory arrest 0 0 NS
Bradypnea 0 0 NS
Oxygen therapy after 0
sufentanil administration
Nausea 3 (3%) 2 (3%) NS
Vomiting 4 (6%) NS
Antiemetics administra- 1 (1%) 5 (7%) P<0,05
tion
Data are presented as number and percentage. NS Not Significant
Table 4 Numeric rating scale (NRS) details

CONSULTATION COMPETENCE

(n=88) (n=70)
Complete report of NRS 23 (269%) 60 (86%) P<0.05
NRS reduction (points) -3.2(1.2) -3.9(1.8) NS
Initial NRS (points) 64(1.5) 79(1.4) P<0.05

Data are presented as mean and standard deviation or as number and
percentage

NS Mot Significant, NRS pain Numeric Rating Scale

sufentanil was selected. Although sufentanil is a very
potent opioid [8] it has been confirmed by this study
that when administered within a clearly defined indica-
tion and by well-trained paramedics, it is an effective and
safe alternative to administration by telephone consulta-
tion with EMS physician. In addition, the authors believe
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that the paramedics training to solve complications after
administration of sufentanil is beneficial not only for this
particular competence, but it can also be used in other
situations where the doctor prescribes by phone and is
not present on the scene to solve possible complications.

In the results, there was recorded relatively few side
effects, which is probably the result of strict indication
criteria. Such a criteria were deliberately set very harshly
to ensure that sufentanil was safe and that training was
adequate. Reducing the number of phone-call consulta-
tions with an EMS physician leads to a lower burden on
paramedics and physicians. This study verified that it is
possible to assign other competencies based on simula-
tion training with verification of knowledge and skills.
In this study, the clinical benefit in reducing the time of
patient’s suffering and pain can be expected. Unfortu-
nately, the exact time of administration of sufentanil and
the possible reduction in time to its administration with-
out consulting a physician were not monitored in this
study due to operative and ethical reasons.

This single centre observational study has several limi-
tations. One of them is that new competence was given
to paramedics who voluntarily underwent training. This
voluntariness could cause the bias of this study. Moti-
vated paramedics have usually better performance than
unmotivated. A very interesting finding was that among
the paramedics who acquired the competence to admin-
ister sufentanil voluntarily, no difference was observed
in any of the following parameters (age, gender, length
of practice) compared to those paramedics who did not
want the competence. However, the higher percentage
of university education among paramedics who acquired
competence did not gain statistical significance, probably
due to the size of the sample and its disproportion.

In addition, the analysis of the results was from a rel-
atively short period of time when it was burdened with
other special conditions, especially COVID-19 patients.
Due to waves of COVID-19, quarantine measures and
reduced population movements, trauma in pre-hospital
care has decreased.

It is certainly worth mentioning the difference in
NRS reporting between groups. The study was con-
ducted as a prospective observational study. The
control group performed routine work (blinded) and
only trained rescuers had to respect the new stand-
ard of care, which includes the obligation to report to
the NRS when considering opioid administration [9]
based on new competence. This may partly explain
the difference in complete NRS reporting before and
after administration of sufentanil. Likewise, paramed-
ics who should have consulted physicians may tend to
underestimate NRS and even monitor for side effects.
This statement can be based on the lower need for
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Table 5 Effect of intravenous sufentanil administration in trauma on physiological parameters

CONSULTATION COMPETENCE

(n=88) (n=70)

On scene Handover On scene Handover
Systolic blood pressure (mmHg) 1455 (24.1) 1429(20.7) 1422 (20.8) 1389 (16.5) NS
Systolic blood pressure difference (mmHg) -2.7(132) -33(11.2) NS
Diastolic blood pressure (mmHg) 783(15.2) 78.1(109) 798(11.6) 77.5(10.3) NS
Diastalic blood pressure difference (mmHg) -02(11.2) -2.2(76) NS
Heart rate (bpm) 859(13.2) 845(134) 86.0(159) 83.2(14.0) NS
Heart rate difference (bpm) -1.4(8.0) -2.9(7.8) NS
Sp0, (%) 96.9(9.8) 96.7 (2.3) 97.1(1.7) 96.8(1.4) NS
SpO, difference (%) -02(1.8) -0301.7) NS
Respiratory rate (breaths per minute) 144 (1.5) 141 (15) 156 (26) 146 (1.6) NS
Respiratory rate difference (breaths per minute) -03(1.1) -1.1(2.0) NS
Data are presented as mean and standard deviation
NS Not Significant, bpm beats per minute, Sp0, Oxygen Saturation
therapeutic administration of antiemetics in the con- Conclusion

trol group. From these data it is possible to conclude
that increasing the level of competencies of paramed-
ics or education [10] can lead to an increase in the
quality and safety of care provided thanks to a higher
level of responsibility and motivation, which leads to
more careful examination of patients, better focus on
their needs and in the end also better medical docu-
mentation. At the same time, a group with competen-
cies can be perceived as more proactive, as well as with
a tendency towards better reporting and earlier treat-
ment using their other competencies.

In general, the treatment of pain by opioids is still
open area in emergency medicine and especially in the
pre-hospital setting [11, 12]. This study focused on the
administration of intravenous sufentanil in less severe
traumatic injuries. So far it seems to be the first study
addresses the use of intravenous sufentanil in acute
trauma by paramedics without EMS physician consul-
tation. Most studies focus on the administration of fen-
tanyl or morphine [13], ketamine [14, 15], combination
of fentanyl and ketamine [16] or on another route of
administration (e.g. intranasal or transmucosal) [17-19].
Our study does not address the use of opiates in children
or other medical conditions (e.g. myocardial infarction)
as it was presented in other studies [13, 20].

And at the same time, this study is in agreement with
other studies from similar health care systems and
confirms that it is possible to entrust prehospital anal-
gesia to trained paramedics [14]. In the end we must
mention that further validation by randomized con-
trolled trial would be beneficial.

Intravenous administration of sufentanil by paramedics
alone without consultation with a physician (in physi-
cian-based healthcare systems) in acute adult trauma
can be considered safe within the scope of trained and
established competence and in compliance with the
indication criteria.
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Abstract

Background: Non-technical skills (NTS) are important for the proper functioning of emergency medical ambulance
crews but have hardly been researched in the conditions of clinical pre-hospital care.

The primary objective of this study, therefore, is to describe the use of NTS in practice. The secondary objective is to
compare if the performance of NTS varies according to the type of case.

Methods: In this multicentric observational study the modified Team Emergency Assessment Measure (TEAM) score
was used to assess the performed NTS of two or more crews on site. The evaluation consisted of leadership, teamwork
and task management, rated by a field supervisor.

The study observations took place in real clinical pre-hospital emergency medical cases when two or more crews
were dispatched between October 2019 and August 2020. The sample size was determined by researchers prior to
the study to at least 100 evaluated events per each of the three participating emergency medical services.

The results are presented as median and interquartile range. The internal reliability, consistency and validity of test
iterns and results were evaluated. The Kruskal-Wallis test and the post hoc Mann-Whitney U test with Bonferroni cor-
rection were used for multiple comparisons of three groups.

Results: A total of 359 events were evaluated. Surprisingly, the median value for all eight items was as high as 3.0
with a similar interquartile range of 1.0. There were no differences observed by case type (CPR vs. TRAUMA vs. MEDI-
CAL) except from item 1. A post hoc analysis revealed that this difference is in favour of a higher rated performance of
non-technical skills in CPR.

Conclusions: The overall result of the performance of non-technical skills can be regarded as very good and can
serve for further evaluations. The crews achieved better parameters of NTS in leadership in resuscitation situations in
comparison with general medical events.

Trial Registration: The study is registered at Clinical Trials under the ID: NCT04503369.

Keywords: Non-technical skills, Pre-hospital care, Emergency medical services, Communication, Situational
awareness, Task management, Decision-making, Teamwork, Team leading
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of several aspects: (i) teamwork — the work of the team
consists of information exchange and coordination of all
activities performed, in-team communication is always
calm and assertive, and team members support each
other; (ii) task management — with the right planning and
preparation of individual activities, the likelihood that
all standards of care and best practices which will follow
increase; (iii) situational awareness — refers primarily to
the collection of information, its understanding, and on
that basis, prediction of the direction in which the situ-
ation will develop; maintaining situational awareness
is crucial in order to move towards the right goal; (iv)
decision-making — with good situational awareness, one
is able to keep in mind all information needed to make
the right decision at the right time; in some cases, it is
advisable to consult with other team members or to ver-
ify their consent to the proposed procedure; (v) commu-
nication — a vital tool when working in a team [2]. There
is a lack of published studies about the use of NTS in a
real medical environment and no articles describing the
use of NTS in a real, non-simulated emergency medical
services environment [3].

The primary objective of this study is to determine
whether Emergency Medical Services (EMS) crews in the
Czech Republic are using N'TS in practice and, if they do,
to describe how. The secondary objective is to compare
whether NTS and team performance varies according to
the type of case, i.e. resuscitation (CPR), trauma or gen-
eral medical events.

Methods

Design

A prospective, observational multicentric study of NTS
in clinical pre-hospital emergencies was conducted. No
randomisation was applied.

Locations

The study took place in three independent organisations
in three Czech regions: EMS of Prague, EMS of the Kar-
lovy Vary Region and EMS of the Pilsen Region. The total
population of these three regions is approx. 2.2 million
[4] with approx. 250,000 emergency cases per year [5].
The data from real clinical events was collected between
October 2019 and August 2020.

Eligible criteria

All EMS cases in the Czech Republic in which pre-hospi-
tal care was provided by two or more crews (at least four
crew members) and the field supervisor were available for
observation. The EMS is organised by the regional gov-
ernment as a rendezvous system — advanced care ambu-
lance with paramedic and emergency medical technician
and rapid response vehicle with emergency medical
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technician (or paramedic) and physician on board. Those
units can be supported by a field supervisor in all three
regions.

Only those cases where two or more ambulance units/
crews met with the presence of the field supervisor were
observed and included in the study.

In all eligible events, the date and time, the number of
crews working in the field (two, three or more), the type
of event (CPR, Trauma and Medical, i.e. general medi-
cine emergency events), the name of the field supervisor
evaluating the event and the location of the EMS were
recorded (Fig. 1).

Exclusion criteria

All emergency cases with only one crew or events with-
out the presence of the field supervisor were excluded, as
well as all cases without complete forms.

Outcome measures

Adaptation of the team emergency assessment measure

The modified and simplified Team Emergency Assess-
ment Measure questionnaire (TEAM) was used in this
study (Fig. 1). The creation and validation of this tool is
described elsewhere and its validation was not part of
this study [6—11]. The TEAM was modified for this study
as follows: items one through six, i.e. (1) the team leader
let the team know what was expected of them through
direction and command, (2) the team leader maintained
a global perspective, (3) the team communicated effec-
tively, (4) the team worked together to complete tasks in
a timely manner, (5) the team acted with composure and
control and (6) team morale was positive, all remained
unchanged. Item 7 (the team adapted to changing situ-
ations) and item 8 (the team monitored and reassessed
the situation) were merged into one item, as were items 9
(the team anticipated potential actions) and 10 (the team
prioritised tasks). Item 11 (the team followed approved
standards/guidelines) was not used, nor was item 12 (the
global score) to simplify the field evaluation in the pre-
hospital setting. Moreover this modification has been
used in the past to evaluate NTS in simulated scenarios
[12], and was therefore well known to researchers and
field supervisors.

Each of eight TEAM items were rated using a five-
point scale (range 0—4; 0 never / hardly ever, 1 seldom,
2 about as often as not, 3 often, 4 always / nearly always)
and covered three categories — leadership, teamwork and
task management — the same way as the original TEAM
[8]. The total score was calculated as the sum of the val-
ues of the eight items and used for further statistical
interpretations.

Twenty field supervisors (EMS of Prague, n= 5; EMS of
the Karlovy Vary Region, # = 6; EMS of the Pilsen Region,
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Date: Time:

Crews on scene:

Tracking form of team non-technical skills (TEAM)

["] 1 paramedic crew + 1 physician crew

[]2 paramedic crews + 1 physician crew

Field supervisor No.:

[T more
Type of event: [JcPrR [JTRAUMA [IMEDICAL
Note:
never / about always /
hardly seldom as often | very often nearly
ever as not always

Item 1: The team leader let the team
know what was expected of them
through direction and command

Item 2: The team leader maintained a
global perspective

Item 3: The team communicated
effectively

Item 4: The team worked together to
complete tasks in a timely manner

Item 5: The team acted with
composure and control

Item 6: The team morale was positive

Item 7: The team adapted to
changing situations, monitored and
reassessed the situation

Item 8: The team anticipated
potential actions and prioritized tasks

Fig. 1 Modified Team Emergency Assessment Measure questionnaire (TEAM). For each item of TEAM guestionnaire the rating of presented
performance of non-technical skill was noted and subsequently converted to a numeric value and recorded to the final dataset: never/hardly
ever=0; seldom=1; about as often as not=2; very often = 3; always/nearly always =4

n=9) underwent a standardised e-learning course on the
use of the modified TEAM score before the study began.
At the end of the e-learning course, each participating
field supervisor had to evaluate video recordings of two
simulated clinical scenarios (numbered one and two)
with actors for further evaluation of inter-rater variability
of field supervisors assessments.

Subgroup analysis

This study compared the results of observations between
subgroups of cardiopulmonary resuscitation (CPR -
defined by the occurrence of cardiac arrest with ongo-
ing CPR on scene), traumatic (TRAUMA - defined by
the occurrence of any injury) and general medical events
(MEDICAL - defined by any other non-traumatic,
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non-CPR but general medical situations, including pae-
diatric cases).

Statistical analysis

Baseline characteristics are reported as numbers and
percentages. The results of individual items and the total
score of modified TEAM questionnaires are presented as
median and interquartile range. Internal reliability, con-
sistency and validity were evaluated through inter-item
correlation and Cronbach’s alpha coefficient and item to
total correlation [13]. Inter-rater reliability was assessed
with intraclass correlation coefficient (ICC) of evaluation
of the two different simulated scenarios (video record-
ings) [14].

The nonparametric Kruskal-Wallis test was used to
compare modified TEAM scores among three presented
subgroups, with p <0.05 considered as significant. The
post hoc Mann-Whitney U test with Bonferroni correc-
tion was used for multiple comparisons.

The sample size was not calculated but was determined
by researchers prior to the study to at least 100 evalu-
ated events per each participating emergency medical
services.

The data were collected and basic calculations per-
formed in Excel (Microsoft, USA). Statistical software
STATISTICA 7.0 (StatSoft, USA) was used for statistical
analyses and calculation. The ICC calculation software
Mangold, Pascal (2018), based on Wirtz & Caspar 2002,
(Germany) was used to calculate the adjusted average
scores, assuming no interaction effect was present.
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Reliability, consistency and validity of testing of modified
TEAM score

The inter-rater variability assessed by ICC was 0.958 for
e-learning scenario number 1 and 0.701 for e-learning
scenario number 2. Inter-item correlation for items 1-8
varied from 0.53 to 0.78, with average inter-item cor-
relation 0.63. Cronbach’s alpha coefficient of the final
dataset was 0.93 and item-total correlations varied from
0.79-0.87.

Results

A total of 359 events were evaluated in the study after
three events were excluded due to incomplete data
(Fig. 2). The case types were represented differently
between the three different EMS: medical events were
the most common category in the EMS of the Karlovy
Vary Region, but hardly seen in the Prague EMS, and
in the Pilsen Region the categories were more evenly
distributed. However, these differences were no longer
evident in the total number of events monitored (CPR,
n= 110 vs. TRAUMA, n= 122 vs. MEDICAL, n= 127).
The most frequently evaluated events were when two
ambulances intervened, i.e. with four crew members on
the spot (n= 317; 88%) (Table 1).

Results of the overall “modified TEAM SCORE”

Monitoring using a modified TEAM score for the whole
set of events showed their high use of non-technical
skills. Surprisingly, the median value for all eight items
was 3.0 with a similar interquartile range. No major
shortcomings or reductions in the values of any of the

' N Y4 3
EMS Karlovy Vary )
Organisation Prague EMS Region EMS Pilsen Region
L AW AL
' Y i ™~ )
Cases 162 100 100
observed
. AN AN
4 aYd AY4d
Forms 2 0 1
excluded
. AN AN vy
N N N
Forms
included in 160 100 99
analysis L JAS JAS )
r ™
Forms
included in 359
total
\. J
Fig. 2 Study flow diagram
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Table 1 Characteristics of events
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Prague EMS (n=160)

EMS of Karlovy Vary Region

EMS of Pilsen Region (n=99) TOTAL (n=359)

(n=100)
Event type:
CPR 72 (45%) 11 (11%) 27 (27%) 110(31%)
Trauma 84 (53%) 8 (8%) 30 (30%) 122 (34%)
Medical 4 (2%) 81 (81%) 42 (43%) 127 (35%)
Number of crews:
Two 142 (88%) 99 (99%) 76 (77%) 317 (88%)
Three 12 (8%) 1(1%) 16 (16%) 29 (8%)
More 6 (4%) 0 7 (7%) 13 (49%)

Data are presented as number of cases and percentage (if appropriate); CPR Cases of cardiac arrest with ongoing cardiopulmonary resuscitation, n= number of cases

One ambulance crew means two members of the crew either with a physician and an emergency medical technician/paramedic (the physician crew) or two members

of the crew without a physician (the paramedic crew)

skills expressed in the individual items were observed.
The overall modified TEAM ratings including total score
are presented in detail in Table 2.

Results of the “modified TEAM score” by type of case

The presented data were very similar when compar-
ing the modified TEAM score by case type (CPR vs.
TRAUMA vs. MEDICAL). The Only significant differ-
ence was observed in item 1 (The team leader let the
team know what was expected of them through direc-
tion and command) H (2; 359)="7.64, p =0.02. A post
hoc analysis revealed that this difference is in favour of a
higher rated performance of non-technical skills in CPR
than in MEDICAL events: U (NCPR=110, NMEDI-
CAL=127)=5627, Z=—257,990, p =0.0099, and none
of the other pairwise comparisons were significant after
Bonferroni adjustment (all p >0.17). Similarly, despite
tendency to better results in item 4 (The team worked

Table 2 Qverall modified TEAM rating outcomes

together to complete tasks in a timely manner; p =0.06)
and item 5 (The team acted with composure and control;
p =0.09) this result did not reach statistical significance
and therefore no post hoc multiple comparisons analy-
sis was performed. There were no differences observed
among other items and total score (Table 3).

Discussion

The results showed high use of the NTS on an average
level and there was no difference observed among the
subgroups of different medical conditions.

So far, similar results were published only from the
hospital environment or simulations or clinical situa-
tions with a focus on one part of the non-technical skills
or during events of out-of-hospital cardiac arrest only [6,
15-17]. The presented data are comparable in terms of
consistency and reliability, but also in terms of the values

Item statistics

Median (IQR) Observed

range
Item 1: The team leader let the team know what was expected of them through direction and command 3.0 (2.0-3.0) 0-4
Item 2: The team leader maintained a global perspective 3.0(20-30) 0-4
Item 3: The team communicated effectively 3.0(20-30) 0-4
Item 4: The team worked together to complete tasks in a timely manner 3.0(20-30) 0-4
Item 5: The team acted with compaosure and control 3.0(20-3.0) 0-4
Item 6: Teamn morale was positive 3.0(2.0-400 0-4
Item 7: The team adapted to changing situations, monitored and reassessed the situation 3.0(20-30) 0-4
Item 8: The tearmn anticipated potential actions and prioritised tasks 3.0(20-3.00 0-4
Total score 23.0(19-27)

Data are presented as median and interquartile range (IQR; 25th percentile to 75th percentile); p values are presented for item-test (item-total) correlations. TEAM:
Team Emergency Assessment Measure with subsequent ratings of presented performance of non-technical skill: 0 =never / hardly ever; 1 =seldom; 2 =about as

often as not; 3 = very often; 4 = always / nearly always
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Table 3 Comparison of modified TEAM score by case type
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CPR(n=110) TRAUMA (n=122) MEDICAL (n= 127)

Item 1: The team leader let the team know what was expected of them 3.0 (2.0-4.0) 3.0(20-3.0) 3.0(20-3.0* p=0.02
through direction and command

Item 2: The team leader maintained a global perspective 3.0(2.0-3.0) 3.0(2.0-3.8) 3.0(20-3.0) p=032
Item 3: The team communicated effectively 3.0(2.0-3.0) 3.0(2.0-3.0) 30(20-3.0) p=070
Item 4: The team worked together to complete tasks in a timely manner 3.0(33.0-3.0) 3.0(2.0-3.0) 3.0(25-3.0) p=006
Item 5: The team acted with composure and control 3.0(2.0-4.0) 3.0(20-3.0) 3.0(3.0-4.0 p=10.09
Item 6: Tearn morale was positive 3.0(2.0-40) 3.0(20-4.0) 30(20-3.0 p=062
Item 7: The team adapted to changing situations, monitored and reassessed 3.0(2.0-4.0) 3.0(2.0-3.0) 30(30-3.0) p=033
the situation

Item 8: The team anticipated potential actions and prioritised tasks 3.0(2.0-30) 3.0(20-3.0) 30(3.0-3.0 p=0.10
Total score 24.0(193-280) 225(17.3-27.0) 23.0(20.0-26.0) p=037

Data are presented as median and interquartile range (25th percentile to 75th percentile); p values are presented for Kruskal Wallis test; * indicates the significant
difference between marked subgroups in pairwise comparisons by Mann Whitney U test with Bonferroni correction; CPR Cases of cardiac arrest with ongoing

cardiopulmonary resuscitation, n=Number of cases

of the results with the original work, and sufficient data
consistency and interrater variability was observed, cal-
culated and published [7-11, 16, 18]. The research team
used the complete TEAM form for pilot field observa-
tions [12]. However, based on the pilot findings, the
researchers used a simplified form for field supervisors to
work in pre-hospital care. In this study we evaluated the
situation on the spot, not later, for example from a video
recording [17].

This baseline characteristic of NTS obtained from three
independent emergency medical services organisations
from different regions in the Czech Republic (from the
urban region of the capital, rural and mountainous areas,
and from a region where urban and rural characteristics
of pre-hospital care are combined) provides awareness of
the starting level of staff who have not yet been trained in
non-technical skills. The specific reason for the study was
not to monitor the clinical performance of the provided
care, but to focus on NTS. We did not focus on the cor-
relation between non-technical skills performance and
clinical outcome.

From the outset, there was no intention to compare
individual EMS but to create a suitable case mix, which
could correspond with the global spectrum in pre-
hospital emergency care in the Czech Republic. The
best results were observed especially in CPR, mainly
due to significantly better leadership. CPR is “strictly”
algorithm-driven, and thus it might be easier for the
team leader to instruct the crew members and for team
members to follow. Our results that are completely dif-
ferent from those of a recently published study of 114
cases of hospital cardiac arrest, where the leadership was
evaluated as the worst [17]. This situation can be partly
explained by the fact that the most common training,
where aspects of NTS and leadership are also explained,

are the Advanced Life Support courses of the European
Resuscitation Council, which are widespread in the
Czech Republic. This result may also indicate that the
focus on the standardised approach is also needed in
other fields like trauma and general medical care. Except
for CPR, other events observed in the study had very dif-
ferent clinical characteristics and the main goal was to
evaluate the aspects of NTS in the interplay of multiple
field teams rather than the overall competence. However,
the authors are aware that the evidence indicates that
checklists tend to overlook the more holistic components
of clinical competence, suggesting that global ratings of
performance are appropriate [11, 19, 20]. In this con-
text, there is the question of how the scale is set in the
validated TEAM score and whether differences in team
performance or algorithm application are being revealed.
So far, most of the works for individual items report an
average score or median around 3 and it is very rarely
published whether the level of NTS measured by TEAM
score correlates with clinical outcome. In this study, the
non-technical skills scale for trauma (T-NOTECHS) [21,
22] or other teamwork assessment measures was not
used despite NTS being evaluated in the subgroup of
trauma patients. This was mainly to have only one tool
for evaluation and the TEAM tool is also highly effective
for assessing trauma [11].

Limitations

When adapting the TEAM forms for this study, the
researchers merged some TEAM items and omitted the
global score as set by Cooper et al. mainly to simplify
the evaluation and focus purely on individual aspects
of NTS in real clinical field work in a clinically dynamic
environment.
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As TEAM can be regarded as a proven method, only a
data consistency check was performed prior to statistical
evaluation. Interrater variability was determined by eval-
uating the observer’s video scenarios and not to a certain
proportion of actual field cases, where 10% of cases were
considered normal and was done in the original valida-
tion study [8]. This was not feasible in a multicentric field
study due to logistical reasons. The relatively high num-
ber of field supervisors (1 =20) could be regarded as a
limitation, but their training in TEAM evaluation was
extensive and resulted in low interrater variability, which
had been checked and proved [11, 23].

A major limitation of this study is that no sample cal-
culation was performed prior to the start of the study. It
was only decided to obtain 100 measurements from each
participating EMS. This shortcoming in the performed
power analysis coupled with the above-mentioned ambi-
guities in the stratification of the TEAM score scale may
cause some uncertainty in the presentation of the results.
For now, it is necessary to take these results as a pilot and
to follow up the research of other issues such as the cor-
relation of NTS and clinical outcomes, learning effects or
standardisation of algorithms.

Conclusions

The overall result of non-technical skills performance
can be regarded as very good and can serve for fur-
ther evaluations. There was no significant difference
observed according to the medical conditions of the
events except for better leadership in CPR.
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Abstract

Background: Advanced Life Support (ALS) during cardiopulmonary resuscitation (CPR) for out-of-hospital cardiac arrest (OHCA) is freguently
administered by two-member crews. However, ALS CPR is mostly designed for larger crews, and the feasibility and efficacy of implementing
ALS guidelines for only two rescuers remain unclear.

Objective: This scoping review aims to examine the existing evidence and identify knowledge gaps in the efficiency of pre-hospital ALS CPR per-
formed by two-member teams.

Design: A comprehensive search was undertaken across the following databases: PubMed, Web of Science, SCOPUS, Cochrane Library Trials,
and ClinicalTrials.gov. The search covered publications in English or German from January 1, 2005, to November 30, 2023. The review included
studies that focused on ALS CPR procedures carried out by two-member teams in adult patients in either simulated or clinical settings.

Results: A total of 22 articles were included in the qualitative synthesis. Seven topics in two-person prehospital ALS/CPR delivery were identified: 1)
effect of team configuration on clinical outcome and CPR quality, 2) early airway management and ventilation techniques, 3) mechanical chest com-
pressions, 4) prefilled syringes, 5) additional equipment, 6) adaptation of recommended ALS/CPR protocols, and 7) human factors.

Conclusion: There is a lack of comprehensive data regarding the adaptation of the recommended ALS algorithm in CPR for two-member crews.
Although simulation studies indicate potential benefits arising from the employment of mechanical chest compression devices, prefilled syringes, and
automation-assisted protocols, the current evidence is too limited to support specific modifications to existing guidelines.

Keywords: Advanced life support, Cardiopulmonary resuscitation, Out-of-hospital cardiac arrest, Two-member team, Crew size, Emerg-
ency medical service

emergency care (PHEC) systems.” However, for such small teams,
adhering to high-performance ALS protocols during the initial stages
of CPR presents a significant challenge® and, for example, ALS sec-
The early start of high-quality Advanced Life Support (ALS) hasbeen  tion of European Resuscitation Council (ERC) Guidelines for Resus-
shown to increase the incidence of return of spontaneous circulation citation is typically designed with unspecified, though usually larger,

Introduction

(ROSC) and survival to hospital discharge after out-of-hospital car- teams in mind who can share the workload.*
diac arrest (OHCA)." It is often administered by two-member ambu- The ALS algorithm in ERC Guidelines differentiates its treatment
lance crews as the first responders in diverse pre-hospital  priorities based on whether the OHCA presents with a shockable or

Abbreviations: AED, automated external defibrillator, ALS, advanced life support, BLS, basic life support, BMV, bag mask ventilation, CCF, chest
compression fraction, CPR, cardiopulmonary resuscitation, EMS, emergency medical services, HEMS, helicopter emergency medical services,
LMA, laryngeal mask airway, OHCA, out-of-hospital cardiac arrest, PHEC, pre-hospital emergency care, ROSC, return of spontaneous circulation
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non-shockable initial rhythm.* For a two-person team, significant dif-
ficulties arise in applying ALS during CPR mostly due to advanced
airmay management and drug preparation and administration.’
Given that the ALS algorithm in the ERC Guidelines* comprises sev-
eral procedures, it becomes challenging for a two-person team to pri-
oritize actions, since performing multiple tasks simultaneously, as
larger teams do, is difficult.

Previous simulation studies have examined the feasibility of
adapting the ALS algorithm for CPR delivered by two-person teams
in helicopter emergency medical services (HEMS)® and military set-
tings.® There is also sporadic data on the use of mechanical chest
compression devices”® and supraglottic airway devices *'° during
ALS CPR by two member crew, but these interventions were not pri-
marily intended to free the hands of the pair of rescuers. Also, other
aspects such as human factors’" including equipment ergonomics'”
or automation-assisted protocols'® are understudied, as trials tend to
focus more on patient-centred outcomes.'*'> However, despite its
practical importance in the initial CPR phase until a larger crew
has gathered on-site, the implementation of ALS protocols” for two
professional rescuers is not covered in current research directions.’®

It could be hypothesized that in pre-hospital emergency settings
where human resources are limited, modifications to ALS guidelines
aimed at freeing the hands of rescuers could improve the quality of
ALS CPR and, potentially, patient outcomes.

The aim of this scoping review is to synthetise and critically
appraise the existing evidence in the field and also identify knowl-
edge gaps in research on ALS provided by two-member teams.

Methods

The scoping review was conducted in accordance with the Joanna
Briggs Institute methodology for scoping reviews'” and adhered to
the Preferred Reporting Items for Systematic Reviews and Meta-
analysis Protocols extension for Scoping Reviews (PRISMA-
ScR).'® The objectives, inclusion criteria, and methods were defined
and detailed a priori in a protocol. This protocol was collaboratively
revised by the academic research team members (DP, MK, MR,
RS) and prospectively registered with the Open Science Framework
(OSF) on September 1, 2023."7 No ethical approval was required for
this study.

Studies published between January 1, 2005, and November 30,
2023, were included as the resuscitation guidelines stated the 30
compressions to 2 rescue breaths ratio in the year 2005. The selec-
tion criteria for the studies were determined using PICOS framework,
formulated as follows. Population: Two-member teams performing
ALS CPR in out-of-hospital setting. Intervention: Any specific strat-
egy to deliver ALS CPR by two-member teams to adult patients
(18 years and older, adult patient simulations) in cardiac arrest with
both shockable and non-shockable rhythms. Comparison: Any type
of comparisons was assessed, including no comparison. Outcome:
Any type of outcomes was assessed (clinical or simulated). Study
design: No limitations to type of research (qualitative or quantita-
tive), study design (randomised, observational, retrospective) or set-
ting (clinical or simulated).

Excluded from this review were studies focusing on cardiac arrest
in children, studies evaluating very specific circumstances (e.g., CPR
during patient transportation, aviation or spaceflight, maritime set-
tings, sports events, etc.) and studies with outcomes or study focus
other than performing ALS procedures. While case reports, letters to

the editor, correspondences, editorials, conference abstracts, sys-
tematic reviews, guidelines, and trial protocols were referenced for
secondary sources, they were not included in the analysis.

The initial search was conducted in PubMed and Web of Science
to establish keywords and a search strategy. Subsequent searches
encompassed databases such as PubMed, Web of Science,
Scopus, and the Cochrane Library Trials, along with the
ClinicalTrials.gov register to identify potentially relevant papers,
including published trial protocols. A secondary reference search
was conducted from all the selected papers. The full search strategy
for these databases, as revised by a university librarian, is presented
in Appendix A. The results of the database search were exported to
Zotero (an open-source research tool, Corporation for Digital Schol-
arship, USA, zotero.org) for duplicate removal.

Titles and abstracts were independently screened by two review-
ers (MK and RS) against the inclusion and exclusion criteria (agree-
ment in 93.1%, Cohen's kappa 0.76). If there was no agreement on
inclusion of selected articles, discrepancies were resolved through
discussion with a third reviewer (DP) and frequently needed exami-
nation of full-texts. Subsequently, full-text articles were downloaded
and thoroughly assessed by the same reviewers. Reasons for exclu-
sion at the full-text assessment stage (Cohen’s kappa 1.0) included
the provision of CPR only within BLS, more than only two crew mem-
bers, or data deemed irrelevant by the reviewers. Details of the data
extraction process can be found in Appendix B. Outcomes were not
pre-defined, and extracted data included information about study
populations, methods, and outcomes relevant to the scoping review.

Content analysis from found sources of evidence was performed.
The extracted data was subsequently grouped into categories
depending on the topic. A narrative approach was employed to
address the research question.

Results

Selection of sources of evidence

The initial search yielded 216 articles. Following the removal of dupli-
cates and screening of abstracts, 33 full-text articles were assessed
for eligibility with 22 full-text papers retrieved for the final analysis.
The selection process is detailed in the PRISMA-ScR flow diagram
(Fig. 1).

Characteristics of sources of evidence

The included studies predominantly featured simulation data (n = 21)
alongside one pre-hospital clinical study (n = 1). Quantitative meth-
ods were employed in nineteen articles, while three utilized mixed
methods. None of the studies used solely qualitative methods. The
designs and main subjects of these studies are summarized in
Table 1. Twelve studies explicitly stated a focus on two-member
teams in their titles or objectives (marked with asterisk in Table 1).
The remaining studies incorporated two-member teams as part of
their methodology to address various objectives. Detailed informa-
tion on each article, including the rescuer population, sample size
(rescuers or patients), context, relevant outcomes, and key findings,
is summarized in Table 2.

Synthesis of results

The studies were classified into seven coding categories based on
content analysis, with some studies fitting into multiple categories.
These categories were further divided into subgroups (Table 3).
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Team configuration and CPR quality

One and five studies investigated the effect of ALS team configura-
tion on clinical outcome and quality of CPR respectively.'* 224
Five of these examined the effects of team size. **~*° One retro-
spective clinical study involving 10 057 OHCA patients found that
having more than two paramedics at the scene did not improve
survival to hospital discharge (2 paramedics — 8.7%, 3 paramedics
— 8.7%, >4 paramedics — 8.4%, p= 0.88)."* Several simulation stud-
ies demonstrated superior CPR quality (chest compression quality
and fraction) in teams larger than two, along with a more efficient
achievement of critical CPR endpoints such as rhythm recognition,
adrenaline administration, and tracheal intubation.*"->* No significant
difference in the no-flow fraction was observed between teams of two,
three, and four paramedic students in one simulated ALS/CPR

study.*® One study comparing team compositions found that teams
of two paramedics were more prone to errors and generally slower
in most interventions (except for tracheal intubation), compared to
paramedic-emergency medical technician (EMT) teams.**

Early airway management and ventilation

Another five simulation studies examined the efficacy of early air-
way management and patient ventilation by two-member
crews.” %9222 |n a cross over study of two member teams the asyn-
chronous patient ventilation during continuous chest compressions
with a LMA inserted by a physician resulted in higher tidal volumes
and ventilation frequencies than recommended compared to asyn-
chronous face mask ventilation.”® Other four works found were fea-
sibility studies of securing the airway in a two-member team without
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Table 1 - Characteristics of sources evidence.

Author and year Country Design Method Type Main topic

Asselin (2018)" USA Randomized, controlled Mixed methods  Simulation = Workload and physical exertion
Bayley (2008)** * USA Two group design Quantitative Simulation ~ Team configuration
Brucke (2007)° * Germany  Feasibility study Quantitative Simulation  Protocol adaptation
Choi (2016)'° USA Randomized, controlled Quantitative Simulation  Protocol adaptation
Dundar (2021)** Turkey Randomized, cross-over Quantitative Simulation ~ Airway management
Eschmann (2009)"* * USA Retrospective observation Quantitative Clinical Team configuration
Guyette (2006)” USA Feasibility study Quantitative Simulation  Protocol adaptation
Harari (2020)'* Israel Experiment, observation Mixed methods  Simulation  Workload and physical exertion
Kern (2010)°" USA Randomized, controlled Quantitative Simulation  Protocol adaptation
Klosiewicsz (2020A)" * Poland Randomized, cross-over Quantitative Simulation  Mechanical CC
Klosiewicsz (2020B)° * Poland Randomized, cross-over Quantitative Simulation  Mechanical CC
Krzyzanowski (2021)*' *  Poland Randomized, controlled Quantitative Simulation ~ Team configuration
Martin-Gill (2010)* * USA Randomized, controlled Quantitative Simulation  Team configuration
Nitzschke (2017)** Germany  Randomized, controlled Quantitative Simulation  Additional equipment
Robak (2020)*” * Poland Randomized, controlled Quantitative Simulation  Prefilled syringes
Robakowska (2022)°* * Poland Randomized, controlled Quantitative Simulation ~ Team configuration
Siebers (2009)*° Germany  Feasibility study Quantitative Simulation ~ Airway management
Tsai (2020)*° * Taiwan Randomized, multiple group  Mixed methods  Simulation = Team configuration
Ventzke (2011)° * Germany  Feasibility, two group Quantitative Simulation ~ Airway management
Zalewski (2020A)° Poland Randomized, cross-over Quantitative Simulation  Airway management
Zalewski (2020B)*° Poland Randomized, cross-over Quantitative Simulation  Prefilled syringes
Zalewski (2020C)*° * Poland Randomized, cross-over Quantitative Simulation  Prefilled syringes

Legend: Studies in which the evaluation of two-member teams was declared in the title or the study aims are marked with an asterisk. CC, chest compressions.

further comparison.”®*“® Basic EMTs achieved a 78% success rate
in LMA insertion during CPR in one feasibility study.’ Another feasi-
bility study showed that paramedics and physicians secured airways
with a laryngeal tube in an average of 17 s with a 75% success rate
on the first attempt and 100% on the second attempt.® Another study
recorded tracheal intubation attempts by EMTs and paramedics, not-
ing an average duration of 82 + 27 s and a 70% success rate on the
first attempt, while the no-flow fraction was high (41.7 + 6.7%).”° A
feasibility study on HEMS teams tested a modified ALS/CPR algo-
rithm focusing on early tracheal intubation before rhythm check, find-
ing it feasible with acceptable chest compression and ventilation
quality, though the time to first shock was not mentioned.®

Mechanical chest compressions

Three simulation studies investigated the use of mechanical chest
compression devices by two-member teams.”®'? An experimental
automation-assisted ALS/CPR protocol study showed improved
chest compression depth and a reduction in inadequate chest com-
pressions.'® Two simulation studies found that mechanical chest
compressions enhanced the quality of chest compressions and
improved adherence to ALS guidelines, with the earlier achievement
of resuscitation goals.”®

Pre-filled syringes

Three simulation studies in two-member ALS teams focused on the
effect of using pre-filled syringes with medication.”” *° All three
studies reported reduced time to adrenaline administration®’~=?,
while two noted a shorter time to intravenous or intraosseous
access.”””® One study found a higher chest compression fraction

and quicker airway management.”®

Additional equipment
Four simulation studies evaluated the use of additional equipment
in two-member teams of rescuers.”*"** One study found that adhe-

sive defibrillation electrodes improved chest compression quality and
electrotherapy application speed.®” A feasibility study demonstrated
a 94% first-pass success rate of intraosseous access by EMTs.®
Another study indicated less variance in chest compression and ven-
tilation rates with metronome use.”" A prototype resuscitation assist
device (AED, ventilator, and ALS instructions) did not overall improve
hands-off time but negatively impacted CPR quality in highly trained
two-provider teams.*

Adaptations of protocol

Two simulation studies explored adaptations to the ALS/CPR pro-
tocol in case of two ALS providers.'''® An experimental automation-
assisted, goal-directed OHCA protocol (including mechanical chest
compressions, AED, ventilator, supraglottic airway devices, and
early intraosseous access) used by EMTs resulted in improved chest
compression depth, higher minute ventilation, and more appropriate
medication administration.’® This protocol also reduced physical
exertion and perceived workload in another study."’

Workload and physical exertion

A simulation study focusing on workload and physical exertion in
two-member crew found that the placement of the equipment bag
around the patient during simulated OHCA affected CPR quality,
work efficiency, effort, and biomechanical loads.'®

Discussion

This scoping review reveals a significant shortfall in the evidence
required to develop a comprehensive ALS protocol tailored to the
unique dynamics of two-member (ambulance) crews. The evidence
found is not sufficiently robust to formulate recommendations for
informing training, protocols, or equipment choices. Published stud-
ies suggest that certain interventions, such as the implementation
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Table 2 - Results of individual source of evidence.

Author and Population Context Outcomes relevant to the review Findings
year of and sample
publication size (rescuers
I patients)
Asselin EMTs Experimental Physical exertion and workload Experimental approach: reduced
(2018)"" (n=40) protocol physician exertion and lower workload
Bayley EMTs and ALS/CPR by Errors, time to critical Paramedic-paramedic crews: significantly
(2008)** paramedics different crew interventions, compliance with more errors than paramedic-EMT crews.
(n=60) configurations continuous CPR Most interventions not performed more
rapidly with the exception of TI.
Brucke Physicians and  Early Tl during ALS/ No-flow time, CC quality Algorithm with early Tl proved feasible in
(2007)° paramedics CPR. Feasibility manikin setting.
(n=40) study.
Choi (2016)'® EMTs ALS/CPR using CC quality, defibrillation quality, Automation assisted protocol: improved
(n=40) automation assisted  airway securing, medication. quality of CCs, ventilation and medication
protocol administration.
Dundar Physicians LMA versus Primary: Ventilation quality Asynchronous ventilations by BVM
(2021)* (n=92) asynchronous BVM  measuresSecondary: CC quality compared to asynchronous ventilations by
ventilation during measures LMA: lower quality of but still sufficient
ALS/CPR ventilation.
Eschmann EMTs and Retrospective Primary: Survival to hospital Three or more paramedics in team during
(2010)™ paramedics. database review. dischargeSecondary: ROSC, OHCA: not associated with improved
(n = 10057 survival to hospital admission, time survival to hospital discharge as compared
patients) to defibrillation to crews of two paramedics.
Guyette EMTs Advanced Time to critical interventions EMTs were able to initiate use of LMA and
(2006)° (n=18) resuscitation 10 access in a simulated cardiac arrest.
interventions by
EMTs.
Harari Paramedics Equipment Quality measures of CPR, work Positions of the equipment around the
(2020)'2 (n=24) positioning during efficiency measures, physiological patient during OHCA affect CPR quality
ALS/CPR effects, ergonomic assessments. and measures of paramedic’s work
efficiency, effort, and biomechanical loads.
Kem EMTs Metronome use CC rate, ventilation rate Metronome group: significantly better CC
(2010)*" (n = 68) during ALS/CPR rate, less rate variance.
Klosiewicsz Paramedics Mechanical CC CC quality Use of mechanical CC device increased
(2020A)° (n=104) during ALS/CPR CC quality measures
Klosiewicsz Paramedics Mechanical CC Intervals between rhythm checks, Use of mechanical CC device: improved
(2020B)° (n=104) during ALS/CPR duration of rnythm check, time to  adherence to ALS protocol and earlier
medication achievement of resuscitation endpoints.
Krzyzanowski Paramedics Team size Time to critical interventions, CC Three-member teams: faster times to
(2021)* (n = 463) comparison quality measures, medication critical interventions, higher CC quality,
errors less medication errors.
Martin-Gill Paramedic Team size No-flow fraction No significant difference in no-flow fraction
(2010)* students comparison between 2-, 3- and 3-member teams.
(n = 40)
Nitzschke EMTs and ALS/CPR using Primary: Hands-off No difference in the hands-off time when
(2017)* paramedic prototype CPR assist timeSecondary: CC quality, using prototype CPR assist device
(n=112) device ventilation quality. Correct compared to standard equipment.
medications, time to critical
interventions
Robak Paramedics ALS/CPR with pre- Time to critical interventions The use of pre-filled adrenaline syringes:
(2020)*" (n=40) filled medication shorter time to intraosseous access,
syringes shorter time to adrenaline.
Robakowska  Paramedics Team size CC quality, time to critical 3-member teams: critical interventions
(2022)*2 (n = 463) comparison interventions faster, quality of CC comparable.
Siebers EMTs and Early Tl during ALS/ CC interruptions. No-flow time. TI  Early TI: increased no-flow time, higher TI
(2009)*° paramedics CPR success rate. failure rate by not well-trained personnel.
(n=104)
Tsai (2020)*°  Paramedics Team size CC fraction, time to critical CC fraction improved as team size
(n = 140) comparison interventions, quality of team increased. Shorter times to critical

performance

interventions with larger teams.

(continued on next page)
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Table 2 (continued)

Author and Population Context Outcomes relevant to the review Findings
year of and sample
publication size (rescuers
/ patients)
Ventzke Physicians and  Early laryngeal tube  Time to secured airways, CC Early use of laryngeal tubus and over-the-
(2011)° paramedics insertion and over- quality measures, ventilation head CC were feasible with 2 rescuers.
(n =40) the-head CC during  quality measures
ALS/CPR
Zalewski Paramedics ALS/CPR with pre- CC quality measures. Time to The use of pre-filled syringes with
(2020A)% (n =200) filled medication airway securing. adrenaline: improved CC quality, shorter
syringes time to airway securing.
Zalewski Paramedics ALS/CPR using self- CC quality measures, duration for The use of multifunction pads: improved
(2020B)*! (n =200) adhesive electrodes  perfshock pause. Time to airway  CC quality, earlier airway securing.
securing
Zalewski Paramedics ALS/CPR with pre- Time to critical interventions, CC The use of pre-filled syringes with
(2020C)* (n =106) filled medication quality measures adrenaline and amiodarone: faster

syringes

achievement of critical interventions, CC
quality did not differ.

Legend. CC, chest compressions. EMTs, emergency medical technicians. NFF, no-flow fraction. Tl, tracheal intubation.

Table 3 - Coding categories and subgroups.

Effect of team configuration on CPR quality and outcome

Team size

Team composition

Early airway management and ventilation technique
Mechanical chest compressions
Prefilled syringes

Use of additional equipment
Adhesive defibrillation electrodes
Intraosseous access

Metronome use

Prototype CPR assist device
Adaptation of ALS/CPR protocols
Human factors

Workload

Physical exertion

of mechanical chest compressions, the use of pre-filled syringes, and
the utilization of an automation-assisted protocol, may enhance the
performance of such teams.

Predominantly, the subject has been explored through simulation
and feasibility studies, which exhibit considerable methodological
heterogeneity. Several themes emerged that could influence the
effectiveness and efficiency of ALS CPR performed by two-
member ambulance crew in OHCA setting.

Larger crew sizes appear to be less error-prone and more effi-
cient in airway management and overall performance, including
CPR quality.*> ** However, clinical outcomes for OHCA patients
treated by two-member crews have only been evaluated in a single
retrospective study, which did not detail specific protocols or contri-
butions of first professional responders beyond crew size.'*

In various simulation studies, thematic areas have been identified
thatcouldinformthe optimal sequenceandinterplay of ALS procedures
during CPRformaximal performance and adherence to ALS guidelines.

Early airway management remains a contentious issue,* but the
supraglottic airway devices use appears not to be inferior to tracheal
intubation as a method of initial airway management in OHCA.**~¢

Its use may have a positive impact on achieving ROSC, though its
effect on other clinical outcomes in OHCA remains uncertain.®”
The ease of inserting a laryngeal mask allows for ergonomic
approaches like over-the-head CPR and ventilation.*®

While continuous compressions and ventilation at a rate of 10
breaths per minute are recommended after securing the airway,"
the early insertion of laryngeal mask might permit one rescuer to con-
tinue with a 30:2 ratio®® while the other prepares for additional proce-
dures.” Future recommendations and studies should distinguish
between aspects of airway management in shockable and non-
shockable rhythms due to differing priorities, especially regarding
the criticality of timely defibrillation.

Mechanical chest compressions, though not routinely recom-
mended, can free up rescuers’ hands for other tasks in understaffed
conditions and challenging locations. Pre-filled syringes appear prac-
tical, but questions about spatial storage, distribution, and color dif-
ferentiation in ambulances and rescue bags®™ are yet to be
resolved. The use of intraosseous access as a universal procedure
during OHCA is debatable, but it is a quick and time-saving interven-
tion. The use of disposable electrodes and metronomes in field defib-
rilators and monitors is currently accepted.”'®

Although international ALS CPR guidelines are created through a
very careful and rigorous process aimed at assessing patient out-
comes, less attention is paid to the deliverability of individual steps
under certain conditions.”'® No comprehensive work has yet been
published that would establish a protocol for a two-member crew,
optimizing all major approaches described above in line with current
recommendations. Adapting disposable equipment for the two-
member crew OHCA ALS CPR is also necessary. Crew training
should encompass not only algorithm steps but also movement
around the patient. It's clear that a well-trained professional with in-
depth procedure knowledge according to their role must proceed in
a precisely structured manner.

The data indicates that this is an underexplored issue, despite
being a common scenario for the often first-arriving two-member
ambulance crew at an OHCA site. However, the clinical recommen-
dations from the presented outcomes are currently weak. Therefore,
it is essential to create robust, methodologically sound randomized
simulation studies addressing most of the topics mentioned during
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ALS CPR, including modifications for shockable and non-shockable
OHCA rhythms. These studies could serve as a background for
future clinical studies. The research questions of such studies could
address the knowledge gaps such as prioritisation of the ALS proce-
dures that are linked with improved outcomes and freeing hands of
rescuers, equipment choices and ergonomics during ALS CPR by
two-member teams.

Limitations

The chosen time interval from 2005 was selected to align with
publications reflecting recommendations similar to current ERC
guidelines.” To refine our objectives and the potential generalization
of findings, articles on CPR in paediatric patients or special
circumstances were excluded.

The outcomes of the selected studies were not determined a
priori, in accordance with methodological guidance for scoping
reviews.'”

The objectives and methodologies of the identified studies varied.
High-quality, detailed qualitative analyses are missing, and no
randomized prospective controlled clinical trials with systematic
clinical outcome measurements exist.

Not all studies explicitly stated a focus on two-member teams in
their titles or objectives. Some studies used two-member teams to
test various interventions but did not state the aim to study
two-member teams specifically. The heterogeneity of the included
studies was significant. Most were simulation studies with varying
interventions, currently incomparable and collectively only providing
partial insight into the complexity of the issue.

Additionally, all assessed studies were conducted based on
recommendations older than the current ones.” It is evident that
numerous local protocols in emergency medical services worldwide
address the two-member crew approach to providing high-quality,
protocol-adherent ALS, which cannot be exhaustively traced.

Conclusion

Based on the currently identified evidence, no specific adaptations
within the ALS structure for two-member teams responding to OHCA
can be recommended. This underscores the need for more compre-
hensive and robust studies in this area.
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Supplementary Data k ¢lanku - Rozsitena resuscitace dospélych v podani dvouclennych vyjezdovych

skupin zachranné sluzby

1) Research strategy

1. PubMed

Concept Keyword MeSH

Cardiopulmonary Cardiopulmonary Resuscitation "Advanced Cardiac Life Support"

Resuscitation CPR [Mesh]

Advanced Life Support Resuscitation "Heart Arrest"[Mesh]
Cardiac arrest "Out-of-Hospital Cardiac
Heart arrest Arrest"[Mesh]
Advanced life support "Cardiopulmonary
ALS Resuscitation"[Mesh]
Advanced Cardiovascular Life
Support
ACLS
Advanced Resuscitation
Procedure*

Two-member crew 2 health care professional* # No MeSH term applicable

2 health care provider* #

2 paramedic* #

2 rescuer*

Two health care professional*
Two healthcare professional*
Two paramedic*

Two person*

Two provider*

Two rescuer*

Two-man crew*

Two-man crew*

Two-man team*
Two-member team*
Two-person crew*
Two-person team*
Two-rescuer team*

Concept 1 (OR / keywords OR MeSH (if MeSH keyword omitted)
AND
Concept 2 (OR / keywords, # omitted due to inadequate phrase)

Searching in all fields, using MeSH and keywords, tag [Tiab] not used
Limits: Last 18 years (since January 1st 2005)

Advanced search

("Cardiopulmonary Resuscitation"[ All Fields] OR "resuscitation"[All Fields] OR "Cardiac arrest"[ All
Fields] OR "heart arrest"[All Fields] OR "Advanced life support"[All Fields] OR "ALS"[All Fields] OR
"Advanced Cardiovascular Life Support"[All Fields] OR "ACLS"[All Fields] OR "advanced resuscitation
procedure*"[All Fields] OR ("Advanced Cardiac Life Support"[MeSH Terms] OR "heart arrest"[MeSH
Terms] OR "Out-of-Hospital Cardiac Arrest"[MeSH Terms] OR "Cardiopulmonary Resuscitation"[MeSH
Terms])) AND ("2 rescuer*"[All Fields] OR "two health care professional*"[All Fields] OR "two
paramedic*"[All Fields] OR "two person*"[All Fields] OR "two provider*"[All Fields] OR "two
rescuer*"[All Fields] OR "two man crew*"[All Fields] OR "two man team*"[All Fields] OR "two person
crew*"[All Fields] OR "two person team*"[All Fields] OR "two rescuer team*"[All Fields])
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Conversion of the search strategy to:

2. WEB OF SCIENCE:

Refine to > 2004

( ALL=( cardiopulmonary AND resuscitation ) OR ALL=( ¢pr ) OR ALL=( resuscitation ) OR ALL=(
cardiac AND arrest ) OR ALL=( heart AND arrest ) OR ALL=( advanced AND life AND support ) OR
ALL=( als ) OR ALL~( advanced AND cardiovascular AND life AND support ) OR ALL=( acls ) OR
ALL=("Advanced Resuscitation Procedure*" ) ) AND ( ALL=( "2 health care professional*" ) OR ALL—(
"2 health care provider*" ) OR ALL=( "2 paramedic*" ) OR ALL= ( "2 rescuer*" ) OR ALL=( "Two
healthcare professional*" ) OR ALL=( "Two paramedic*" ) OR ALL=( "Two person*" ) OR ALL=( "Two
provider*" ) OR ALL=( "Two rescuer*" ) OR ALL=( "Two-man crew*" JOR ALL=( " Two-man team*" )
OR ALL=( "Two-member team*" ) OR ALL=( "Two-person crew*" ) OR ALL=( "Two-person team*" )
OR ALL=( "Two-rescuer team*" ) )

3. SCOPUS

( TITLE-ABS-KEY ( cardiopulmonary AND resuscitation ) OR TITLE-ABS-KEY ( cpr ) OR TITLE-
ABS-KEY ( resuscitation ) OR TITLE-ABS-KEY ( cardiac AND arrest ) OR TITLE-ABS-KEY ( heart
AND arrest ) OR TITLE-ABS-KEY ( advanced AND life AND support ) OR TITLE-ABS-KEY ( als )
OR TITLE-ABS-KEY ( advanced AND cardiovascular AND life AND support ) OR TITLE-ABS-KEY (
acls ) OR TITLE-ABS-KEY ( "Advanced Resuscitation Procedure*" ) ) AND ( TITLE-ABS-KEY ( "2
health care professional*" ) OR TITLE-ABS-KEY ( "2 health care provider*" ) OR TITLE-ABS-KEY (
"2 paramedic*" ) OR TITLE-ABS-KEY ( "2 rescuer*" ) OR TITLE-ABS-KEY ( "Two healthcare
professional*" ) OR TITLE-ABS-KEY ( "Two paramedic*" ) OR TITLE-ABS-KEY ( "Two person*" )
OR TITLE-ABS-KEY ( "Two provider*" ) OR TITLE-ABS-KEY ( "Two rescuer*" ) OR TITLE-ABS-
KEY ( "Two-man crew*" ) OR TITLE-ABS-KEY ( " Two-man team*" ) OR TITLE-ABS-KEY ( "Two-
member team*" ) OR TITLE-ABS-KEY ( "Two-person crew*" ) OR TITLE-ABS-KEY ( "Two-person
team™" ) OR TITLE-ABS-KEY ( "Two-rescuer team*" ) ) AND PUB YEAR > 2004 AND PUBYEAR <
2024 AND ( LIMIT-TO ( SUBJAREA , "MEDI" ) OR LIMIT-TO ( SUBJAREA , "NURS" ) OR LIMIT-
TO ( SUBJAREA , "HEAL"))

4. Cochrane Library

Filter: 2005-2023

Trials only (no reviews and protocols were applicable or aimed to topic)

"Cardiopulmonary Resuscitation" OR "CPR" OR "Resuscitation" OR "Cardiac arrest" OR "Heart arrest"
OR "Advanced life support" OR "ALS" OR "Advanced Cardiovascular Life Support" OR "ACLS" OR
"Advanced Resuscitation Procedure"

AND

"2 health care professional" OR "2 health care provider" OR "2 paramedic" OR "2 rescuer" OR "Two
health care professional" OR "Two paramedic" OR "Two person" OR "Two provider" OR "Two rescuer"
OR "Two-man crew" OR " Two-man team" OR "Two-member team" OR "Two-person crew" OR "Two-
person team" OR "Two-rescuer team"
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5. Clinical trials. gov

Condition or disease

Cardiac arrest

Other

Advanced life support OR Advanced Cardiac Life Support
Intervention

"cardiopulmonary resuscitation \(CPR\)" OR "two provider*"

Search strategy documentation:

Search summary:

November 30-, 2023

MEDLINE (PubMed) |30/11/2023 127
Web of science 30/11/2023 132
Scopus 30/11/2023 120
Cochrane Library Trials|30/11/2023 97
Clinicatrials.gov 30/11/2023 19

Total records: 495
Total records after deduplication: 216

[a—y

Reference search|30/11/2023
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2) PRISMA — Checklist

Preferred Reporting Iltems for Systematic reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) Checklist

REPORTED
SECTION ITEM | PRISMA-ScR CHECKLIST ITEM ON PAGE #

TITLE
Title
ABSTRACT

Structured
summary

INTRODUCTION

Rationale

Objectives

METHODS
Protocol and
registration

Eligibility criteria

Information
sources*

Search
Selection of

sources of
evidencet

Data charting
processt

Data items

Critical appraisal of
individual sources
of evidence§

Synthesis of results

10

11

12

13

Identify the report as a scoping review.

Provide a structured summary that includes (as
applicable): background, objectives, eligibility criteria,
sources of evidence, charting methods, results, and
conclusions that relate to the review questions and
objectives.

Describe the rationale for the review in the context of
what is already known. Explain why the review
questions/objectives lend themselves to a scoping
review approach.

Provide an explicit statement of the questions and
objectives being addressed with reference to their key
elements (e.g., population or participants, concepts, and
context) or other relevant key elements used to
conceptualize the review questions and/or objectives.

Indicate whether a review protocol exists; state if and
where it can be accessed (e.g., a Web address); and if
available, provide registration information, including the
registration number.

Specify characteristics of the sources of evidence used
as eligibility criteria (e.g., years considered, language,
and publication status), and provide a rationale.
Describe all information sources in the search (e.g.,
databases with dates of coverage and contact with
authors to identify additional sources), as well as the
date the most recent search was executed.

Present the full electronic search strategy for at least 1
database, including any limits used, such that it could be
repeated.

State the process for selecting sources of evidence (i.e.,
screening and eligibility) included in the scoping review.

Describe the methods of charting data from the included
sources of evidence (e.g., calibrated forms or forms that
have been tested by the team before their use, and
whether data charting was done independently or in
duplicate) and any processes for obtaining and
confirming data from investigators.

List and define all variables for which data were sought
and any assumptions and simplifications made.

If done, provide a rationale for conducting a critical
appraisal of included sources of evidence; describe the
methods used and how this information was used in any
data synthesis (if appropriate).

Describe the methods of handling and summarizing the
data that were charted.

Appendix A
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REPORTED
SECTION ITEM | PRISMA-ScR CHECKLIST ITEM ON PAGE #
RESULTS
. Give numbers of sources of evidence screened,
:s:]erggglfm 14 assessed for eligibility, and included in the review, with 9
evidence reasons for exclusions at each stage, ideally using a flow
diagram.
SC:;ZC;‘[G;SUCS of 15 For each source of evidence, present characteristics for 9
evidence which data were charted and provide the citations.
g;ﬂ;alsiﬁfg:':glf 16 If done, present data on critical appraisal of included
evidence sources of evidence (see item 12).
Results of For each included source of evidence, present the
individual sources 17 | relevant data that were charted that relate to the review = Appendix B
of evidence questions and objectives.
Synthesis of results 18 Summarize and{’or preseljnt the charhr;g n.esults as they 10
relate to the review questions and objectives.
DISCUSSION
Summarize the main results (including an overview of
Summary of 19 concepts, themes, and types of evidence available), link 13
evidence to the review questions and objectives, and consider the
relevance to key groups.
Limitations 20 | Discuss the limitations of the scoping review process. 15
Provide a general interpretation of the results with
Conclusions 21 respect to the review questions and objectives, as well 16
as potential implications and/or next steps.
FUNDING
Describe sources of funding for the included sources of
Funding 29 evidence, as well as sources of funding for the scoping 17

review. Describe the role of the funders of the scoping
review.

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews.

* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media
platforms, and Web sites.

1 A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g.,
quantitative and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping
review as opposed to only studies. This is not to be confused with information sources (see first footnote).

1 The frameworks by Arksey and O'Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the
process of data extraction in a scoping review as data charting.

§ The process of systematically examining research evidence to assess its validity, results, and relevance before
using it to inform a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable
to systematic reviews of interventions) to include and acknowledge the various sources of evidence that may be used
in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, and policy document).

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews
(PRISMASCR): Checklist and Explanation. Ann Intern Med. 2018;169:467—473. doi: 10.7326/M18-0850.
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