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WYKAZ STOSOWANYCH SKROTOW

AHA Amerykanskie Towarzystwo Kardiologiczne (ang. American Heart
Association)

Cl Przedziat ufnosci (ang. Confidence interval)

ERC Europejska Rada Resuscytacji (ang. European Resuscitation Council)

IHCA Wewnatrzszpitalne zatrzymanie krgzenia (ang. In-hospital cardiac
arrest)

ILCOR Miedzynarodowy komitet tgcznikowy ds. Resuscytacji (ang.

International Liaison Committee on Resuscitation)

IQR Rozstep ¢wiartkowy (ang. Interquartile range)

MD Srednia réznica (ang. Mean difference)

NZK Nagte zatrzymanie krgzenia

OHCA Pozaszpitalne zatrzymanie krazenia (ang. Out-of-hospital cardiac arrest)

RKO Resuscytacja krgzeniowo - oddechowa



Streszczenie w jezyku polskim

Wstep

Resuscytacja krgzeniowo — oddechowa to ztozony proces, na ktéry sktada sie zaréwno
kompresja klatki piersiowej, zabezpieczenie drég oddechowych i efektywna wentylacja jak
rowniez uzyskanie dostepu donaczyniowego i wdrozenie farmakoterapii. Zgodnie z
wytycznymi Europejskiej Rady Resuscytacji (ERC) jak réwniez Amerykanskiego
Towarzystwa wysokiej jakosci kompresja klatki piersiowej to kluczowy czynnik zwiekszajgcy
szanse na powrot spontanicznego krgzenia. Obecnie panujgca pandemia koronawirusa
SARS-SoV-2 wymusita na personelu medycznym - w tym w szczegdlnosci personelu
zespotdéw systemu Panstwowego Ratownictwa Medycznego — konieczno$é wykonywania
procedur medycznych wobec pacjentdw z podejrzeniem/potwierdzeniem infekcji stosujgc
kombinezony ochrony osobistej. Jednakze jak wskazujg liczne badania, zastosowanie
niniejszych kombinezondw moze wptywa¢ na zmniejszenie jakosci wykonywanych

procedur, jak réwniez wydtuzac czas ich wykonania.

Cel pracy

Wspdlnym celem serii badan wchodzgcych w sktad cyklu publikacji spéjnych tematycznie
byto poréwnanie rdéinych technik resuscytacji krgzeniowo — oddechowej osoby z
podejrzeniem choroby zakaznej przez personel medyczny wyposazony w kombinezonach

ochronne w warunkach symulacji medycznej.

Materiat i Metoda
Trzy badania wchodzacych w sktad cyklu publikacji zostaty przeprowadzone w warunkach
symulacji resuscytacji krgzeniowo — oddechowe]j osoby dorostej. Wszystkie badania zostaty
zaprojektowane jako badania prospektywne, obserwacyjne, randomizowane, krzyzowe i
zostaty przeprowadzone w oparciu o symulacje medyczng. We wszystkich badaniach na
potrzeby analizy statystycznej wyniki zostaty zaslepione.

W badaniu pierwszym porédwnujgcym kompresje klatki piersiowej z wykorzystaniem
mechanicznego systemu kompresji klatki piersiowej LUCAS3, asystenta resuscytacji

CPRMeter 2, oraz bezprzyrzagdowej resuscytacji 35 studentéw medycyny miato za zadanie



wykonanie 2-min cyklu ciggtej kompres;ji klatki piersiowej. Z uwagi na symulacje pacjenta
zakaznego uczestnicy badania podczas resuscytacji ubrani byli w petne kombinezony
ochrony osobistej CBRN (kombinezon ProChem | F), maski twarzowe klasy FFP2, okulary
ochronne, przytbice oraz podwdjne rekawiczki nitrylowe.

W badaniu drugim stanowigcym kontynuacje badania pierwszego, 67 ratownikéw
medycznych miato za zadaniem prowadzenie 2-min cykli kompresji klatki piersiowej osoby
dorostej. W celu symulacji pacjenta zakaznego z zatrzymaniem krazenia wykorzystano
symulator osoby dorostej SimMan 3G. Uczestnicy badania wykonywali cykle kompres;ji
klatki piersiowej w sposdb asynchroniczny w oparciu o wytyczne resuscytacji krgzeniowo —
oddechowej AHA 2015. Kompresja klatki piersiowej byta prowadzona z wykorzystaniem
trzech technik: a) system mechanicznej kompresji klatki piersiowej LUCAS3; b) asystent
kompresji klatki piersiowej TrueCPR2; c) bezprzyrzadowa kompresja klatki piersiowe;j.
Podczas kompresji klatki piersiowej uczestnicy byli ubrani podobnie jak w badaniu
pierwszym w kombinezony ochronne CPRN.

Zaréwno badanie pierwsze jaki i drugie byty badaniami wieloosrodkowymi.

W badaniu trzecim 37 ratownikow medycznych ubranych w kombinezony CBRN
klasy C, wykonywato 2-min cykle kompresji klatki piersiowej osoby dorostej. Kompresja
klatki piersiowej wykonywana byta w sposéb asynchroniczny i prowadzona byta w dwdch
scenariuszach badawczych: a) kompresja, gdy ratownik znajduje sie z boku pacjenta; b)
kompresja, gdy ratownik zajmuje miejsce za glowa pacjenta. Zarowno kolejnosc

uczestnikdw badania jak i technik kompresji klatki piersiowej byty losowe.

Wyniki

W badaniu pierwszym porédwnujacym kompresje klatki piersiowej wykonywanej przez
studentéw medycyny w scenariuszu bezprzyrzagdowej kompres;ji klatki piersiowej oraz z
wykorzystaniem urzadzenia CPRMeter i systemu kompresji LUCAS3. Gtebokos$é kompresji
klatki piersiowej z wykorzystaniem badanych metod kompresji byta zrdéznicowana i
wynosita odpowiednio 40 (IQR; 38-45) mm w przypadku bezprzyrzgdowej kompresji klatki
piersiowej, 45 (rozstep éwiartkowy, interquartile range, IQR; 40-50)mm dla CPRMeter oraz
51 (IQR; 50-52)mm dla systemu LUCAS3. Mediana czestosci kompresiji klatki piersiowej byta
réwniez zréznicowana i wynosita odpowiednio: 109 (IQR; 102-131), 107 (IQR; 105-127) i

102 (1QR; 101-102) uciskdw na minute. Najwyzsza poprawnos¢ relaksacji klatki piersiowej



byta obserwowana w przypadku systemu LUCAS3 i wynosita 100% (IQR; 95-100), nastepnie
w przypadku kompresji z wykorzystaniem urzadzenia CPRMeter — 80% (IQR; 60-90) i
bezprzyrzgdowej kompresji — 29% (IQR; 26-48).

W badaniu drugim poréwnujacym jakos¢ kompresji klatki piersiowej z
wykorzystaniem systemu LUCAS3, urzadzenia TrueCPR2 oraz bezprzyrzgdowej kompresji
klatki piersiowej, gtebokos$¢ ucisnie¢ byta zréznicowana i wynosita odpowiednio: 51mm
(IQR; 50-55), 47mm (IQR; 43-52) i 43mm (IQR; 38-46). Czestos¢ kompres;ji klatki piersiowej
wynosita 102 (IQR 100-102) ucisniecia na minute dla systemu LUCAS3, 105 (IQR; 98-114)
dla urzadzenia TrueCPR oraz 116 (IQR; 112-129) dla bezprzyrzagdowej kompresji klatki
piersiowej. Stopien relaksacji klatki piersiowe] byt najwyzszy wynosit 100% (IQR; 98-100)
dla systemu LUCAS3, 83% (IQR; 60-92) dla urzadzenia TrueCPR oraz 39% (IQR; 25-50) dla
bezprzyrzadowej kompresji klatki piersiowe;.

W badaniu trzecim badaniu oceniajgcym jakos$¢é kompresji klatki piersiowej zaleznie
od pozycji zajmowanej przez ratownika przy pacjencie, gtebokos¢ kompresji klatki
piersiowej podczas zajmowania pozycji przy boku pacjenta wynosita 42 £ 2 mm i byfa
statystycznie istotnie nizsza anizeli w przypadku kompresji prowadzonej zza gtowy pacjenta
46 + 4 mm. Czestos¢ kompres;ji klatki piersiowej przy wykorzystaniu powyzszych dwéch
technik byfa zréznicowana i wynosita odpowiednio 114.5 + 8 oraz 107 * 7 ucisnieé na
minute. Wyzszg poprawnosc relaksacji klatki piersiowej uzyskano w przypadku resuscytacji

prowadzonej z boku pacjenta (42 + 6%) anizeli zajmujac pozycje zza gtowy (34 + 10%).

Whioski
Przeprowadzone badania symulacyjne wskazujg, iz w przypadku prowadzenia resuscytacji
kragzeniowo — oddechowej osoby z podejrzeniem/potwierdzeniem choroby zakaznej
personel medyczny ubrany w kombinezony ochrony osobistej CBRN powinien w celu
optymalizacji jakosci kompres;ji klatki piersiowej stosowaé mechaniczne systemy kompresji
klatki piersiowe;j.

Bezprzyrzagdowa kompresja klatki piersiowej prowadzona przez personel medyczny
w kombinezonach CBRN zza glowy pacjenta generuje wiekszg gtebokos¢ uciskow anizeli w

przypadku, gdy ratownik zajmuje pozycje z boku pacjenta.



Efektywnos¢ bezprzyrzadowej kompresji klatki piersiowej podczas gdy ratownik
ubrany jest w kombinezon CBRN spada juz po pierwszej minucie kompresji, zasadnym

zatem jest rozwazenie zmiany czestosci osoby prowadzacej kompresje klatki piersiowe;j.



Streszczenie w jezyku angielskim

EVALUATION OF SELECTED CARDIOPULMONARY RESUSCITATION TECHNIQUES OF A
PERSON WITH SUSPECTED INFECTIOUS DISEASE BY MEDICAL PERSONNEL EQUIPPED
WITH PROTECTIVE SUITS UNDER MEDICAL SIMULATION CONDITIONS

Introduction

Cardiopulmonary resuscitation is a complex process, which includes both chest
compression, airway management, and effective ventilation, as well as obtaining vascular
access and pharmacotherapy. According to the guidelines of the European Resuscitation
Council (ERC) as well as the American Heart Association, high quality chest compression is
a key factor in increasing the chances of the return of spontaneous circulation. The current
coronavirus SARS-SoV-2 pandemic forced medical personnel - including, in particular, the
staff of the National Emergency Medical System teams - to perform medical procedures on
patients with suspected/confirmed infections using personal protective suits. However, as
numerous studies indicate, the use of these suits may reduce the quality of the procedures

performed as well as increase the time of their performance.

Aim of the study

The common aim of the series of studies included in a series of thematically coherent
publications was to compare different techniques of cardiopulmonary resuscitation of a
person with the suspected infectious disease by medical personnel equipped with

protective suits under medical simulation conditions.

Material and Method
Three studies included in the publication cycle were conducted under the conditions of
simulation of cardiopulmonary resuscitation of an adult. All studies were designed as
prospective, observational, randomized, cross-over studies and were based on medical
simulation. In all studies for statistical analysis, the results were blinded.

In the first study to compare chest compressions using the LUCAS3 mechanical
chest compression system, the CPRMeter 2 CPR feedback device, and the manual chest

compression, 35 medical students were asked to perform a 2-min continuous chest
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compression cycle. Due to the simulation of an infectious patient, the participants wore full
CBRN (ProChem | F suit), FFP2 class masks, safety goggles, visor and double nitrile gloves
during CPR.

In the second study, which is a continuation of the first one, 67 paramedics were
tasked with conducting 2-minute chest compression cycles of an adult. An adult SimMan
3G simulator was used to simulate an infectious patient with cardiac arrest. Participants
performed asynchronous chest compression cycles based on the AHA 2015 guidelines for
cardiopulmonary resuscitation. Chest compressions were performed using three
techniques: a) LUCAS3 mechanical chest compression system; b) TrueCPR2 assistant chest
compression system; c) manual chest compression. During chest compressions,
participants were dressed, as in the first study, in CPRN protective suits.

Both the first and second studies were multi-center studies.

In the third study 37 paramedics dressed in CBRN class C suits performed 2-minute
chest compression cycles of an adult. Chest compressions were performed asynchronously
and were performed in two study scenarios: a) compression when the rescuer is on the
side of the patient; b) compression when the rescuer is behind the patient's head. Both the

order of participants and the chest compression techniques were random.

Results
In the first study to compare the chest compressions performed by medical students in a
scenario of unassisted chest compression and using the CPRMeter and LUCAS3
compression system. The depth of chest compressions using the compression methods
studied varied and was 40 (IQR; 38-45) mm for unassisted chest compressions, 45
(interquartile range, IQR; 40-50)mm for CPRMeter, and 51 (IQR; 50-52)mm for LUCAS3. The
median chest compression rate was also varied and amounted: 109 (IQR; 102-131), 107
(IQR; 105-127), and 102 (IQR; 101-102) compressions per minute respectively. The highest
chest relaxation rate was observed for LUCAS3 and was 100% (IQR; 95-100), followed by
80% (IQR; 60-90) for CPRMeter and 29% (IQR; 26-48) for non-assisted (manual)
compression.

In a second study comparing the quality of chest compressions using LUCAS3,
TrueCPR2, and non-instrumented (manual) chest compressions, the depth of compressions

varied and was accordingly: 51mm (IQR; 50-55), 47mm (IQR; 43-52) and 43mm (IQR; 38-
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46) respectively. The chest compression rate was 102 (IQR 100-102) compressions per
minute for LUCAS3, 105 (IQR; 98-114) for TrueCPR, and 116 (IQR; 112-129) for non-assisted
chest compressions. The rate of chest relaxation was highest at 100% (IQR; 98-100) for
LUCAS3, 83% (IQR; 60-92) for TrueCPR, and 39% (IQR; 25-50) for unassisted chest
compressions.In the third study assessing the quality of chest compressions depending on
the position of the rescuer at the patient's side, the depth of the chest compression during
the patient's side position was 42 £ 2 mm and was statistically significantly lower than the
46 = 4 mm behind the patient's head. The rate of chest compressions using these two
techniques varied and was 114.5 + 8 and 107 £ 7 compressions per minute respectively.
Higher chest compressions were achieved with lateral position (42 + 6%) than behind the

head (34 + 10%).

Conclusions

Simulation studies indicate that in the case of cardiopulmonary resuscitation of a person
with suspected/confirmed infectious disease, medical personnel wearing CBRN personal
protective suits should use mechanical chest compression systems to optimize the quality
of chest compressions. Instrumentless (manual) chest compressions carried out by medical
personnel in CBRN suits from behind the patient's head generates a greater compression
depth than when the rescuer is in a patient's side position.

The effectiveness of instrumentless (manual) chest compressions, while the rescuer is
wearing a CBRN suit, decreases after the first minute of compression, so it is reasonable to

consider changing the rate of the person performing the chest compressions.
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1. WSTEP

Nagte zatrzymanie krazenia stanowi wyzwanie dla personelu medycznego zaréwno na
etapie zespotdw wyjazdowych Panstwowego Ratownictwa Medycznego jak i leczenia
szpitalnego. Moze by¢ spowodowane wieloma przyczynami, tak chorobowymi jak i
urazowymi. Niezaleznie jednak od przyczyny wymaga podjecia jak najszybciej dziatan
resuscytacyjnych [1], gdyz jak wskazujg wytyczne resuscytacji krgzeniowo — oddechowej
publikowane przez Europejskg Rade Resuscytacji (ERC) czy tez Amerykanskie Towarzystwo
Kardiologiczne (AHA) szanse na przezycie w przypadku niepodejmowania resuscytacji
krgzeniowo — oddechowej spadajg z kazdg minutg o blisko 10% [2].

Nagte zatrzymanie krgzenia najczesciej dotyczy oséb w przedziale wiekowym od 20
do 75 lat [3]. W przypadku osbéb ponizej 20 roku zycia czestos¢ wystepowania NZK wynosi
od 1 do 4 przypadkdow na 100000 mieszkancow [4]. Blisko 300000 przypadkow
pozaszpitalnego zatrzymania krgzenia (OHCA) notowanych jest rocznie w Ameryce
Pétnocnej, w Europie liczba ta wynosi blisko 250 000 przypadkéw [5,6]. Jak wynika z analizy
przeprowadzonej przez Berdowski i wsp. czestos¢ wystepowania OHCA w populacji oséb
dorostych wynosi 95,9 na 100 000 mieszkaricéw rocznie. Czestos¢ wystepowania OHCA
rézni sie rowniez wzgledem regiondw swiata i wynosi odpowiednio 52,5 w przypadku Azji,
86,4 w przypadku Europy, 98,1 w przypadku Ameryki Pétnocnej oraz 112,9 w przypadku
Australii [7]. Berdowsko wskazuje réwniez na niskg przezywalnos¢ OHCA, wynoszaca
zaledwie 7%. Wyzsza przezywalnos¢ siegajgca od 8% do 11% dotyczy pacjentéw, u ktorych
do zatrzymania krgzenia doszto w obecnosci zespotéw ratownictwa medycznego, zatem
dziatania resuscytacyjne byty podjete niezwtocznie po stwierdzeniu OHCA. Jak wskazujg
liczni autorzy od 25% do 67% osdb u ktérych przywrdcono spontaniczne krgzenie umiera w
ciggu pierwszych 24 godzin po ROSC [8,9]. Przezywalno$é do wypisu ze szpitala w
przypadku wewnatrzszpitalnego zatrzymania krgzenia wynosi srednio 20% [8], co jest

rezultatem dostepnosci wysokospecjalistycznej opieki na miejscu zdarzenia.
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1.1. Techniki kompresji klatki piersiowej

1.1.1. Kompresja klatki piersiowej w swietle wytycznych resuscytacji
krazeniowo - oddechowej

Zasady prowadzenia resuscytacji krgzeniowo — oddechowej warunkowane sg wytycznymi
resuscytacji publikowanymi przez wytyczne m.in. Europejskiej Rady Resuscytacji czy tez
Amerykanskiego Towarzystwa Kardiologicznego. Podczas prowadzenie badan
uwzglednionych w cyklu publikacji obowigzywaty wytyczne resuscytacji opublikowane w
2015 roku.

Wysokiej jakosci kompresja klatki piersiowej to kluczowy element zabiegow
resuscytacyjnych, tak u dorostych jak i pacjentéw pediatrycznych. Zgodnie z wytycznymi
Amerykanskiego Towarzystwa Kardiologicznego na jako$¢ kompresji klatki piersiowej
sktadajg sie m.in. gtebokos¢ uciskow, czestos¢ uciskéw jak réwniez relaksacja klatki
piersiowej.

Gtebokos¢ uciskow klatki piersiowej podczas resuscytacji uznawana jest za istotny
czynnik wptywajgcy na jako$é RKO. Zgodnie z wytycznymi AHA, gtebokos¢ uciskow klatki
piersiowej u osoby dorostej powinna wynosi¢ od 5 do 6 cm. Aby osiggna¢ taka gtebokosc
nalezy wykonywac ucisniecia klatki piersiowej z sitg przyblizong do 50 kg nacisku [10]. Stiell
i wsp. [11], jak réwniez Vadeboncoeur i wsp. [12] wskazujg na $cistg korelacje pomiedzy
gtebokos¢ ucisnie¢ powyzej 50mm a przezywalnoscia.

Kolejnym istotnym elementem wptywajgcym na jako$é kompresji klatki piersiowe;j
jest czestos¢ wykonywania ucisniec klatki piersiowej. W tym aspekcie wytyczne resuscytacji
zalecajg czesto$¢ w przedziale od 100 do 120 ucisnie¢ na minute. Nie ma jednakze
konsensusu wséréd badaczy na temat optymalnej czestotliwosci kompresji klatki piersiowe;j.
wskazuje badanie Lee i wsp. gtebokos¢ klatki piersiowej jest proporcjonalna do czestosci
kompresji klatki piersiowej (r = 0,206; P < 0,001), jednakze czestos¢ kompresji klatki
piersiowej powyzej 120 uci$nie¢ na minute zwigzana jest z wiekszym ryzykiem
wykonywania niepetnej relaksacji klatki piersiowe] [13]. Wedtug Field i wsp. czestos¢ 100-
120 ucisnie¢ na minute jest najbardziej optymalna [14]. Duval i wsp. wskazuje czestotliwos¢
ucisnie¢ na poziomie 107 jako najbardziej efektywng [15]. Sutton i wsp. z kolei wykazujg w
swoim badaniu, iz czestos¢ kompresji klatki piersiowej w granicach od 80 do 100 ucisniec

na minute generowata wyzszg przezywalnos¢ do wypisu ze szpitala podobnie jak poprawe
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stanu neurologicznego w poréwnaniu z wyzszymi czestotliwosciami kompresji [16].
Ponadto czestotliwosci ucisnie¢ powyzej 120 ucisnie¢ w badaniu Suttona wigzata sie z
nizszym cisnieniem skurczowym.

Poprawna relaksacja klatki piersiowej stanowi nie mniej istotny element sktadajacy
sie na efektywnos¢ RKO [17]. Kompresje klatki piersiowej nalezy prowadzi¢ w taki sposéb,
aby po kazdym ucisnieciu nastepowato petna jej relaksacja i powrdt do pierwotnej
wysokosci. Dzieki uciskaniu klatki piersiowej na odpowiednig gtebokos¢ a nastepnie
pozwalaniu na jej petng relaksacje wytwarzana jest w klatce piersiowej réznica cisnien
odpowiadajgca za wytworzenie perfuzji narzagdowej [18,19].

Jak wspomniano uprzednio wytyczne ERC i AHA ktadg wysoki nacisk na wysokiej
jakosci kompresje klatki piersiowej jak réwniez minimalizacje przerw w uciskaniu klatki
piersiowej w tym przerw niezbednych na wykonywanie oddechéw ratowniczych [20,21]. W
tym celu nalezy rozwazy¢ jak najszybsze przyrzadowe zabezpieczenie droznosci drog
oddechowych z wykorzystaniem intubacji dotchawiczej badz nadgtosniowych urzadzen do
wentylacji. Woéwczas zapewniamy petng izolacje drég oddechowych i mozliwosé
prowadzenia oddechu zastepczego z wykorzystaniem respiratora badZ worka
samorozprezalnego. Nie ma ponadto koniecznosci wykonywania przerw w uciskach klatki
piersiowej (tzw. Resuscytacja asynchroniczna) [22]. Minimalizacja tych przerw i
prowadzenie ciggtej kompresji klatki piersiowej przez 2-min znaczgcg poprawia jakosc
resuscytacji oraz optymalizuje wartosci uzyskiwanego w ten sposéb cisnienia perfuzyjnego.
Ewy i wsp. prowadzac 12 minutowg resuscytacje na modelu zwierzecym wykazali, iz ciggta
kompresja klatki piersiowej zwigzana byta ze statystycznie wyiszg 25-godzinng
przezywalnosci w porownaniu z resuscytacjg w trybie 30 ucisnieé klatki piersiowej do 2
oddechow ratowniczych [23]. Ostatnie badania Sanson’a i wsp. rowniez wskazujg na
przewage asynchronicznej resuscytacji krgzeniowo — oddechowej nad resuscytacja
prowadzong w trybie 30:2 [24].

Kolejnym czynnikiem mogacym mieé wptyw na jakos¢ kompresji klatki piersiowej
moze miec pozycja ratownika wzgledem pacjenta. Standardowa pozycja opisywana przez
wytyczne resuscytacji opiera sie na pozycji z boku poszkodowanego. Wowczas ratownik
zajmuje pozycje z boku poszkodowanego na wysokosci jego klatki piersiowej (Rycina 1).
Alternatywng dla pozycji z boku pacjenta jest pozycja zza jego gtowy (Rycina 2). Jest ona

szczegolnie przydatna w przypadku, gdy resuscytacja prowadzona jest w jedng osobe. Poza
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samym wykonywaniem ucisnie¢ klatki piersiowej utatwia rowniez prowadzenie wentylacji

za pomocg worka samorozprezalnego [25].

Rycina 1. Technika kompresji klatki piersiowej z boku pacjenta. Zrédto: Dominika Telecka-Ggdek
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Rycina 2. Technika kompresji klatki piersiowej zza gtowy pacjenta. Zrédto: Dominika Telecka-Ggdek

W pazdzierniku 2020 roku ukazata sie nowa edycja wytycznych, ktéra w zakresie
parametréw kompresji klatki piersiowej nie ulegta modyfikacjom wzgledem omdwionych

powyzej wytycznych z 2015 roku [26].

1.1.2. Urzadzenia audio-wizualne wspomagajgce resuscytacje

Przyktadem urzadzen audio-wizualnych stuzgcych do monitorowania a tym samym korekty
parametréw wykonywanej kompres;ji klatki piersiowej w czasie rzeczywistym sg urzadzenia
typu TrueCPR (PhysioControl, Redmond, WA, USA) czy tez CPRMeter (Laerdal, Stavanger,

Norwegia).
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TrueCPR

TrueCPR zbudowany jest z dwdch elementéw: pad podstawny powinien by¢ utozony pod
plecami pacjenta, zas gtéwna cze$é¢ urzadzenia winna by¢ utozona na mostku. Dzieki
zastosowaniu technologii pomiaru pola magnetycznego urzgdzenie jest w stanie w czasie
rzeczywistym dokonywac¢ pomiarédw gtebokosci ucisku, czestosci ucisnie¢ klatki piersiowe;j
jak réwniez poprawnosci jej relaksacji (Rycina 3). Jak wskazujg badania Majer i wsp.
zastosowanie TrueCPR poprawia jakos¢ wykonywanej kompresji klatki piersiowej w
poréwnaniu z technikg bezprzyrzagdowa [27]. Z kolei Smereka i wsp. wskazujg na mozliwos¢
stosowania TrueCPR jako metody nauczania rresuscytacji krgzeniowo-oddechowej celem
wyrobienia odpowiednich nawykdéw dotyczgcych wykonywania kompresji klatki piersiowej
z odpowierdnig gtebokoscig, czestoscig jak rowniez petnego zwalniania ucisku po kazdym z

ucisniec [28].

Rycina 3. Urzgdzenie TrueCPR. Zrédto: archiwum autora.

CPRMeter
CPRMeter to kolejny rodzaj urzadzenia audio-wizualnego utatwiajgcego prowadzenie

wysoko jakosciowej kompresji klatki piersiowej (Rycina 4). Dziatanie urzagdzenia polega na
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akceleromerii, dzieki ktérej mierzona jest gtebokosé kos¢ i czestosé ruchdéw klatki
piersiowej w trakcie kazdego jej uci$niecia i na podstawie tych danych dzieki zastosowaniu
odpowiednich algorytmow obliczana jest przebyta przez urzadzenie odlegtos¢. Z kolei
czujnik sity odpowiedzialny jest za pomiar sity nacisku w trakcie kompresji klatki piersiowej,
dzieki ktorej wyliczana jest m.in. poprawnos¢ relaksacji klatki piersiowej pomiedzy
poszczegblnymi jej ucisnieciami [29]. Urzadzenie CPRMeter na wbudowanym ekranie
pokazuje w czasie rzeczywistym parametry aktualnie prowadzonej kompresji klatki
piersiowej (Rycina 5), dzieki czemu ratownik jest w stanie w czasie rzeczywistym - podobnie

jak to ma miejsce w przypadku urzadzenia TrueCPR — korygowac sposéb uciskania klatki

piersiowej.
Rycina 4. Urzqdzenie CPRMeter?2. Zrédto: archiwum autora.
Odpowiednia
tebokos¢ T Sl Brak relaksaciji St
g's = Uciski zbyt Uciski zbyt > ) Licznik Czas braku
(eliksada | szybkie tytkie i ucisniec aktywnosci
czestosc i P piersiowej ¢
ucidniec
e 1
- A ’
=
Rycina 5. Parametry kompresji klatki piersiowej wyswietlane przez CPRMeter. Zrédto: opracowanie wtasne.
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1.1.3. Mechaniczna kompresja klatki piersiowej

System LUCAS jest jednym z najczesciej stosowanych urzgdzen do mechanicznej kompresji
klatki piersiowej. Obecnie mamy doczynienia z trzecig generacjg tego urzadzenia. Pierwsza
generacja byta oparta byfa na dziataniu pneumatycznym zatem zasilana byfa za pomocg
sprezonego powietrza / tlenu. Druga i obecna trzecia generacja urzgdzenia sg urzgdzeniami
elektrycznymi zasilanymi z wbudowanej baterii badZ w przypadku jej wyczerpania moga
by¢ podtaczone do zwyktego zrddta tlenu.

Urzadzenie zbudowane jest z cienkiej podktadki pod plecy pacjenta, do ktérej od
gory dotacza sie rame z modutem kompresji (Rycina 6). Cze$¢ uciskajgca klatke piersiowa
jest wyposazona w przyssawke, dzieki ktérej mozliwa jest aktywna dekompresja klatki

piersiowej [30].

Rycina 6. System mechanicznej kompresji klatki piersiowej LUCAS3. Zrédto: archiwum autora.

Panel kontrolny urzadzenia jest bardzo intuicyjny i pozwala na prowadzenie resuscytacji
krgzeniowo-oddechowej w trybie asynchronicznym jak rowniez trybie 30 ucisnie¢ do 2

oddechow ratowniczych (Rycina 7). Urzadzenie generuje co najmniej 100 uciskow na
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minute o gtebokosci 5 cm; zas mozliwo$é szybkiego jego zastosowania minimalizuje
przerwy w procesie resuscytacji.

Dzieki takim rozwigzaniom jak system LUCAS, mozliwe jest prowadzenie kompresji
klatki piersiowej zarowno w warunkach przedszpitalnych podczas transportu do pacjenta
do szpitala przy jednoczesnym prowadzeniu resuscytacji krgzeniowo — oddechowej, jak
réwniez w warunkach szpitalnych przy przedtuzajgcej sie resuscytacji badZz w warunkach
pracowni hemodynamiki. Dodatkowym atutem tego typu rozwigzan jest mozliwosc
wykonywania defibrylacji bez koniecznosci przerywania uci$nie¢ klatki piersiowej. Jak
wskazujg liczne badania symulacyjne zastosowanie systemu LUCAS podczas resuscytacji
krgzeniowo-oddechowej w znaczgcy sposdb poprawia jakos¢ kompresji klatki piersiowej w
poréwnaniu z bezpryzrzagdowg kompresja klatki piersiowej [30,31]. Ponadto w przypadku
ograniczonego personelu medycznego, zwitaszcza jak to ma miejsce w zespotach
Panstwowego Ratownictwa Medycznego, moze on w tym czasie prowadzi¢ inne procedury
ukierunkowane na uzyskiwanie dostepu donaczyniowego, przygotowanie lekow i ptynow

infuzyjnych, zabezpieczenie drég oddechowych czy tez rozwazanie potencjalnie

odwracalnych przyczyn zatrzymania krazenia.

Rycina 7. Panel kontrolny systemu kompresji klatki piersiowej LUCAS3.  Zrédfo: archiwum autora.
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1.2. Wptyw COVID-19 na efektywnosc¢ resuscytacji krgzeniowo —
oddechowej

Pojawienie sie masowej liczby zakazen nowym koronawirusem SARS-CoV-2, wymusito na
towarzystwach naukowych opublikowanie rekomendacji postepowania z pacjentami z
podejrzeniem i/lub potwierdzeniem choroby zakaznej jakg jest COVID-19. Jak wskazujg
liczne badania przezywalnos$¢ do wypisu ze szpitala po pozaszpitalnym zatrzymaniu
krgzenia w dobie pandemii COVID-19 ulegta znacznej redukcji (OR=0,72; 95%Cl: 0,63, 0,83;
P<0,001; Rycina 8) [32-36]. Moze to by¢ podyktowane wieloma czynnikami, w tym
zmniejszeniem  jakosci wykonywanej resuscytacji krgzeniowo-oddechowej przy
zastosowaniu kombinezondéw ochrony osobistej [37,38], wydtuzeniem czasu dojazdu
zespotdéw ratownictwa medycznego [32], czy tez samg chorobg COVID-19, ktérej jednym z
powiktan jest zwiekszenie krzepliwosci i powstawanie mikrozakrzepdw, ktére moga

wptywac niekorzystnie na miesien sercowy, ptuca jak i osrodkowy uktad nerwowy [39,40].

Covid period Non-Covid period Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Ball 2020 92 380 359 1218 26.6% 0.76 [0.59, 1.00] —a
Marijon 2020 16 517 164 3052 9.5% 0.56 [0.33, 0.95]
Ortiz 2020 108 1446 667 6658 45.3%  0.73[0.59, 0.90] ——
Rashid 2020 40 270 136 647 14.0% 0.65 [0.44, 0.96] —_—
Semeraro 2020 23 624 22 563 4.6% 0.94 [0.52, 1.71] ——
Total (95% ClI) 3237 12138 100.0% 0.72 [0.63, 0.83] -3
Total events 279 1348
Heterogeneity: Chi’ = 2.08, df = 4 (P = 0.72); I’ = 0% =O 3 055 é S:
Test for overall effect: Z = 4.56 (P < 0.00001) . Covid Period Non-Covid Period

Rycina 8. Przezywalnos¢ do wypisu ze szpitala w okresie pandemii COVID-19 oraz przed pandemiq.
Zrédto: opracowanie wtasne.

Ludwin i wsp. wskazujg, ze w przypadku pacjentéw hospitalizowanych i
zaintubowanych, ktérzy sg utozeni w pozycji na brzuchu (ang. prone position) nie ma
koniecznosci odwracania ich na plecy, aby prowadzi¢ resuscytacje krazeniowo -
oddechowg [41]. Uciskanie klatki piersiowej w momencie, gdy pacjent znajduje sie na
brzuchu moze generowac zarowno wyzsze cisnienie skurczowe jak i rozkurczowe [42,43].
Jednakze pozycja resuscytacji przy utozeniu na brzuchu powinna by¢ rozwazana jedynie w
warunkach lecznictwa szpitalnego. W warunkach przedszpitalnych powinnismy stosowac
standardowg technike utozenia na plecach pacjenta, z uwagi na koniecznos¢ wykonywania

wielu procedur medycznych, w tym zabezpieczania drog oddechowych.
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2. CEL PRACY

Wspolnym celem serii badan wchodzacych w sktad cyklu publikacji spéjnych tematycznie
byto poréwnanie rdéinych technik resuscytacji krgzeniowo — oddechowej osoby z

podejrzeniem choroby zakaznej przez personel medyczny wyposazony w kombinezonach

ochronne w warunkach symulacji medycznej.
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Abstract

Background: The aim of the study was to evaluate various methods of chest compressions in patients
with suspected/confirmed SARS-CoV-2 infection conducted by medical students wearing full personal
protective equipment (PPE) for aerosol generating procedures (AGP).

Methods: This was prospective, randomized, multicenter, single-blinded, crossover simulation trial.
Thirty-five medical students after an advanced cardiovascular life support course, which included
performing 2-min continuous chest compression scenarios using three methods: (A) manual chest
compression (CC), (B) compression with CPRMeter, (C) compression with LifeLine ARM device. Dur-
ing resuscitation they are wearing full personal protective equipment for aerosol generating procedures.
Results: The median chest compression depth using manual CC, CPRMeter and LifeLine ARM
varied and amounted to 40 (38—45) vs. 45 (40-50) vs. 51 (50-52) mm, respectively (p = 0.002). The
median chest compression rate was 109 (IQR; 102-131) compressions per minute (CPM) for manual
CC, 107 (105-127) CPM for CPRMeter;, and 102 (101-102) CPM for LifeLine ARM (p = 0.027). The
percentage of correct chest recoil was the highest for LifeLine ARM — 100% (95—100), 80% (60-90) in
CPRMeter group, and the lowest for manual CC — 29% (26—48).

Conclusions: According to the results of this simulation trial, automated chest compression devices
(ACCD) should be used for chest compression of patients with suspected/confirmed COVID-19. In the
absence of ACCD, it seems reasonable to change the cardiopulmonary resuscitation algorithm (in the
context of patients with suspected/confirmed COVID-19) by reducing the duration of the cardiopulmonary
resuscitation cycle from the current 2-min to 1-min cycles due to a statistically significant reduction in the
quality of chest compressions among rescuers wearing PPE AGP (Cardiol ] 2020; 27, 5: 497-506)
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Introduction

The current coronavirus severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic which causes the disease as defined by
the World Health Organization (WHO): COVID-19
represents a challenge for medical personnel,
specifically including those who are particularly
exposed to this type of patient [1]. Since the ap-
pearance of the first cases in China in December
2019, the virus has spread around the world. As
of 1 May 2020, the number of confirmed infec-
tions worldwide has reached 3,260,373, including
233,996 deaths from the virus. The virus is trans-
mitted from human to human by droplets [2, 3].
Therefore, medical personnel for patients with
suspected/confirmed COVID-19 should use full
personal protective equipment (PPE) for aerosol
generating procedures (AGP) to reduce the risk
of infection [4-6]. Yang et al. [7] indicated that in
COVID-19-infected patients, comorbidities and
the diagnosed underlying diseases include: hy-
pertension, respiratory system and cardiovascular
diseases may be a risk factors for severe compared
with a non-severe course of the disease. Consider-
ing the above, as well as a mortality rate of nearly
5.4%, medical personnel may have to undertake
resuscitation procedures on such a person.

Resuscitation guidelines are published by,
among others, the European Resuscitation Council
(ERC) [8, 9] or the American Heart Association
(AHA) [10, 11]. On 24 April 2020 ERC published
guidelines for conduct in COVID-19, which indi-
cates the need to use personal protective equip-
ment during resuscitation [12], but reference was
not made to the impact of PPE AGE on the quality
of resuscitation and thus the possibility of changing
the resuscitation algorithm. However, as studies
indicate, PPE may hinder medical procedures
[13-15]. Chest compression systems including
automatic chest compression devices (ACCD) or
cardiopulmonary resuscitation (CPR) feedback
devices which may be helpful in this regard.
In the case of ACCD, CPR guidelines do not
recommend their routine use. Resistance from
the main medical community are based on the
belief that ACCD causes more chest damage
than manual chest compression (CC). Studies by
Koster et al. [16] LUCAS suggest that a chest
compression device does not cause significantly
more serious or life-threatening visceral damage
than manual CC.

The aim of the study was to evaluate vari-
ous methods of chest compressions in a patient

with suspected/confirmed SARS-CoV-2 infection
conducted by medical students wearing full PPE
for AGP. The hypothesis herein, is that the chest
compression with LifeLine ARM was superior to
CPRMeter as well as manual chest compression.

Methods

Study design

A multicenter, randomized, singe-blinded,
crossover simulation study was conducted to evalu-
ate chest compression quality of patients with sus-
pected/confirmed COVID-19 by medical students
wearing PPE for AGP. Study protocol was approved
by Institutional Review Board of Polish Society of
Disaster Medicine (Approval no. 09.01.2020.IRB).
The study was conducted in medical simulation
centers at Lazarski University (Warsaw, Poland)
and Poznan University of Medical Science (Poznan,
Poland) in February 2020.

Participants

The sample size was based on expected dif-
ferences in time to intubation and calculated with
G x Power 3.1 using the two-tailed t-test (Cohen’s
d = 0.8, alpha error = 0.05, power = 0.95). It was
determined that a minimum of 32 participants were
required for a pair-wise comparison of the samples.
35 medical students were recruited who had suc-
cessfully completed an advanced cardiovascular
life support (ACLS) course. Written voluntary in-
formed consent was obtained from each participant
prior to the study.

Equipment and materials

Two devices were used in the present study:
— CPRMeter feedback device (Laerdal, Sta-

vanger, Norway), which is an accelerometer

device. Placed in the middle of the chest and
pressed by a rescuer, it shows the correctness
of the rate of chest compressions, the depth of

compressions as well as chest recoil [17, 18];
— LifeLine ARM automatic chest compression

device (Defibtech, LLC, Guilford, CT, USA),

which allows for automatic chest compression
in two modes: 30:2 and in an asynchronous

mode [19].

The reference method was manual chest
compression.

To simulate a patient with suspected/con-
firmed COVID-19 requiring CPR, Resusci Anne
Advanced Skill Trainer manikin (Laerdal, Stavanger,
Norway) was used, which was placed on the floor
in a brightly lit room.
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Figure 1. Rescuer with personal protective equipment
for aerosol generating procedures.

The participants were dressed in a ProChem
I F suit providing protection against organic and
inorganic chemicals in high concentrations and
against particles less than 1 um in diameter. This
suit also protects against biological hazards and
toxic agents and is often used during the current
COVID-19 pandemic. To simulate real actions
against a SARS-CoV-2 patient, the participants ad-
ditionally wore a protective mask with FFP2 filter,
protective goggles and a visor as well as double
nitrile gloves (Fig. 1).

Interventions

All participants completed a brief question-
naire consisting of demographic information (age,
sex). Before starting this trial, instructors gave
medical students lectures for 30 min about the risks
associated with SARS-CoV-2 coronavirus and how
to perform CPR using the methods to be tested.
The participants, wearing PPE AGP, had to conduct
a 2-min cycle of continuous chest compressions in
adults. In order to achieve the desired effect and
focus only on parameters related to chest compres-
sions, the scenario where the patient was intubated
was foreseen, which made it possible to conduct
continuous chest compressions. Chest compres-
sions were performed using three methods:

Marek Malysz et al., Resuscitation of patient with COVID-19

(A)Manual CC, (B) compression using the CPRMeter
feedback device, (C) compression using the Life-
Line ARM system.

Both the sequence of participants and chest
compression methods were random. The Re-
searchRandomizer program was used for this pur-
pose. Participants were divided into three groups.
The first group started compressions using the
manual method, the second using CPRMeter and
the third using LifeLine ARM. After a 2-min CC
cycle, the participants had a 2-h break and then
performed chest compressions using another
method. A detailed randomization procedure is
shown in Figure 2.

Measurements

All parameters were recorded using Skill-
Reporter software (Laerdal, Stavanger, Norway)
attached to the simulator. Additionally, in order
to analyze the parameters at intervals of 20 s,
the parameters were recorded in real time using
GoPro HERO 5 Black camera (GoPro, Inc., CA,
USA). The parameters such as: depth of CCs, rate
of CCs and degree of chest recoil were analyzed.
The parameters as indicated by the ERC and
AHA guidelines were employed, according to the
depth of CCs of an adult should be in the range of
50-60 mm, a compression rate should be from 100 to
120 compressions per minute (CPM), was used as
reference values [8, 10].

Following the completion of this scenario, the
participants were asked to grade each chest com-
pression method based on the fatigue according
to visual-analogue scale (VAS) (1 = no fatigued,
100 = extremely fatigued) in the relevant scenario,
but they discouraged from an overall ranking of
the devices.

Statistical analysis

The data were compiled using a standard
spreadsheet application (Excel, Microsoft, Red-
mond, WA, USA) and were analyzed using the
Statistica version 13.3EN (Tibco Inc, Tulusa,
OK, USA). Data were blinded from the team in-
terpreting the results. All participant and chest
compression parameter data were summarized
descriptively. Categorical data are presented as
raw numbers and as frequencies, and continuous
and ordinal data are presented as the median and
interquartile range (IQR). The Friedman test was
used for intra-group analysis, and for a pairwise
comparison, the Wilcoxon signed-rank test was
used. In all analyses, a significance level p < 0.05
was used.
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ENROLLMENT | | Study group (n = 35)
Excluded (n = 0)
»  Declined to participate (n = 0)
Other reasons (n = 0)
y
Randomization (first chest compression method to be used
and the order of participants)
| Allocation |
I
v v '
Allocated to start with manual CC (n = 12) Allocated to start with CPRMeter (n = 12) Allocated to start with LifeLine ARM (n = 11)
Allocated interventions received (n = 12) Allocated interventions received (n = 12) Allocated interventions received (n = 11)
I I |
| Crossover | | Crossover | | Crossover |
v v v
Allocated to start with LifeLine ARM (n = 12)| | Allocated to start with manual CC (n = 12) Allocated to start with CPRMeter (n = 12)
Allocated interventions received (n = 12) Allocated interventions received (n = 12) Allocated interventions received (n = 12)
[ [ |
| Crossover | | Crossover | | Crossover |
v v 1]
Allocated to start with CPRMeter (n = 12) Allocated to start with LifeLine ARM (n = 12)| | Allocated to start with manual CC (n = 12)
Allocated interventions received (n = 12) Allocated interventions received (n = 12) Allocated interventions received (n = 12)
| | |
| Crossover | | Crossover | | Crossover |
[ + T
| ANALYSIS |
| Received interventions (n = 105) l
Figure 2. Randomization flow chart; CC — chest compression.
Table 1. Comparison of chest compression (CC) quality parameters.
Parameter Chest compression technique P
Manual CC CPRMeter LifeLine ARM
Chest compression depth 40 (38-45) 45 (40-50) 51 (50-52) 0.002
Chest compression rate 109 (102-131) 107 (105-127) 102 (101-102) 0.027
Correct chest recoil 29 (26-48) 80 (60-90) 100 (95-100) < 0.001

Results

Thirty-five medical students after an ACLS
course were enrolled. There were no exclusions
in the present study.

Chest compression parameters

Data on the quality of 2-min CCs are presented
in Table 1. Analysis of the quality of 2-min CCs
showed statistically significant differences in the
depth of CCs performed manually, using CPRMeter

500

and LifeLine ARM (40 mm [38-45] vs. 45 mm
[40-50] vs. 51 mm (50-52), respectively; p =
= 0.002). Statistically significant differences in
chest compression depth between manual chest
compressions and CPRMeter (p = 0.031) and
LifeLine ARM (p < 0.001) were shown. The dif-
ference was also observed between CPRMeter and
LifeLine ARM (p = 0.002; Suppl. Table 1).
Compression rates for manual CC was 109
(IQR 102-131) CPM, 107 IQR 105-127) CPM for
CPRMeter feedback device, and 102 (IQR 101-102)
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Figure 3. Chest compression (CC) depth parameters relative to time intervals; *Significant difference (p < 0.05) com-

pared to the time of 20 s of an appropriate CC technique.

CPM for LifeLine ARM (p = 0.027). As in the previ-
ous parameter, statistically significant differences
were observed between manual compression and
CPRMeter (p = 0.047), manual compression and
LifeLine ARM (p = 0.001), and between CPRMeter
and LifeLine ARM (p = 0.006).

The best chest recoil was observed with
LifeLine ARM systems — 100% (IQR 95-100),
followed by CPRMeter — 80% (IQR 60-90), and
the lowest for manual CC — 29% (IQR 26-48).
These differences were statistically significant
(p < 0.001). Two-sided analysis showed statisti-
cally significant differences in the percentage of
correct chest recoils between manual CC and
CPRMeter (p < 0.001), manual CC vs. LifeLine
ARM (p < 0.001) as well as between CPRMeter
and LifeLine ARM (p < 0.001).

Chest compression quality in 20-s periods

An analysis of the depth of chest compressions
carried out in 20-s intervals is shown in Figure 3.
Statistical analysis showed a significant reduction
in the depth of CCs above 60 s for both manual CC
and CPRMeter.

The chest compression rate showed statisti-
cally significant differences for manual CC and
CPRMeter groups (Fig. 4).

The percentage of correct chest recoils for
manual CC was significantly reduced after only
60 s of CPRMeter (Fig. 5). Percentage of correct
chest recoils in LifeLine ARM remained the same
throughout the entire chest compression period.

Fatigue VAS score

The degree of fatigue of study participants
performing CCs based on VAS score when us-
ing manual CC, CPRMeter and LifeLine ARM
groups was varied and were observed accordingly
75 (IQR 45-90) vs. 80 (IQR 50-90) vs. 20 (IQR
20-30) points (p = 0.002). There was statistically
significant differences in degree of fatigue between
manual chest compression and LifeLine ARM
(p < 0.001), and between CPRMeter and LifeLine
ARM (p < 0.001).

Discussion

Recent guidelines of the ERC as well as the
AHA indicate a direct impact of high-quality CC on
the effectiveness of resuscitation [8, 10] and thus,
the return of spontaneous circulation and reduc-
tion of neurological deficits caused by hypoxemia.

During CPR, the need to interrupt CCs to
provide synchronous ventilation prevents blood
flow continuity, reducing the possibility to ensure
high-quality CPR and have a negative impact on
perfusion and patient outcome [20, 21]. In this
study, continuous CCs were performed because, as
indicated by ERC and AHA guidelines, the key role
during CPR is to minimize pauses in CCs [8, 10].
In the case of patient intubation, continuous (asyn-
chronous to emergency ventilation) CCs are pos-
sible [22]. As numerous studies indicate, it 1s the
most effective method, because by eliminating long
pauses accompanying rescue breathing improves
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Figure 5. Percentage of correct chest recoil parameters relative to time intervals; *Significant difference (p < 0.05)
compared to the time of 20 s of an appropriate chest compression (CC) technique.

perfusion pressure [22-24]. Continuous chest
compression, as indicated by Heidenreich et al.
[23] resulted in more adequate compressions per
minute than standard CPR for the first 2 min of
CPR. However, as the duration of the resuscitation
increases, continuous chest compression technique
leads to more fatigue for the rescuer. The reduction
of fatigue may be influenced by the physical condi-
tion of the rescuer [25]. However, the application of
PPE, as shown by numerous studies, may reduce

502

the efficiency of medical procedures [26], starting
with CCs [27], by obtaining vascular access [28,
29], ending with airway management [30, 31].

A factor influencing the quality of CPR is the
depth of CCs [32]. For CPR without PPE AGP,
the depth of CCs decreases after about 2 min of
compressions [33].

In the current study there were statistically
significant differences in the depth of CCs between
the different methods of CCs. In the case of manual
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CC and CPRMeter groups, a statistically significant
decrease in the depth of CCs was observed after
1 min of resuscitation, which may have been caused
by excessive fatigue of participants performing CCs
as a result of using PPE AGP [13]. Other authors
also point to the problem of reduced quality of CCs
when using PPE [13, 27, 34]. In the present study,
the CC depth during the use of ACCD was equal
throughout the whole resuscitation process and
was consistent with current CPR guidelines, due
to the fact that the chest CC depth was performed
automatically. This method of compression also
allows CPR to be performed during patient trans-
port to the hospital as well as during prolonged
resuscitation [35, 36].

During CPR full chest recoil after each com-
pression is independently associated with im-
proved survival and is independently associated
with improved survival and favorable neurologic
outcome at hospital discharge after adult out-of-
-hospital cardiac arrest [37, 38]. Analysis of the
obtained results showed that medical students
dressed in PPE AGP perform manual CCs in an
insufficient manner. The problem of incomplete
chest relaxation is reduced when using CPRMeter.
The results obtained are confirmed by other stud-
ies [39, 40]. Similar to the depth of compressions,
chest recoil is significantly reduced after 1 min
of continuous CC (in manual CC and CPRMeter
groups). This may be due to fatigue of the rescuer
and subsequent CC after each compression. CCs
to the appropriate depth and then performing full
chest recoil is a prerequisite for optimal perfusion
pressure [24, 41].

The rate of CC is also an important element of
high-quality CC. CPR guidelines recommend that
CC should be performed at a rate of 100-120 CPM.
Idris et al. [42] confirms that compression rates
between 100 and 120 per minute were associated
with the greatest survival to hospital discharge.
A higher compression rate than 120 CPM may
improve organ perfusion but does not increase
survival. However, it may lead to faster fatigue of
the rescuer, which consequently results in lower
quality of CCs [43, 44]. Chen at al. [34] suggested
that the use of PPE may reduce the rate of chest
compression.

Cardiopulmonary resuscitation feedback de-
vices facilitate CCs by showing real-time compres-
sion parameters [45, 46]. Iskrzycki et al. [47] in his
study showed that visual real-time feedback device
significantly improved quality of CPR performer by
lifeguards. In contrast Wattenbarger et al. [48] stat-
ed that a targeted training intervention combined

Marek Malysz et al., Resuscitation of patient with COVID-19

with real-time CPR feedback improved CC perfor-
mance among health care providers. However, the
use of such a device still requires force from the
rescuer and also leads to fatigue. In the study, after
1 min of continuous CCs, rescuers dressed in PPE
AGP were both statistically significant in reducing
the depth of CCs and in reducing chest recoil. This
may result in reduced effectiveness of the whole
resuscitation process. Another solution aimed at
improving the quality of CC is the automatic CC
system. Taking into account the fact that the quality
of CCs performed by medical personnel is in many
cases insufficient [49], there can be a remedy for
this problem. Analysis of the data obtained in this
study showed that LifeLine ARM, an example of
ACCD, performed CCs at the appropriate depth and
at the programmed compression rate. As indicated
by the studies Szarpak et al. [50], and Truszewski
et al. [51] LifeLine ARM resuscitation using Life-
Line ARM had significantly better quality compared
to manual chest compressions.

The use of such systems is particularly impor-
tant when paramedics are unable to perform high
quality CPR — and this is the case for patients
with suspected/confirmed COVID-19 when, due
to the coronavirus, personnel must be equipped
with PPE AGP.

Limitations of the study

There were several limitations in the present
study. First, an adult manikin was used to simulate
patients requiring CPR. Therefore, the quality of
chest compressions may differ from that of CPR
under real CPR. However, the choice of medical
simulation as a research method was deliberate and
was dictated by the fact that it is medical simulation
that allows for full standardization of performed
procedures without the risk of complications for
a potential patient [24, 52, 53], moreover, in the
current pandemic, conducting research — in
particular randomized cross-over study under
emergency conditions could endanger both the
patient and the rescuer. The second limitation
was to include only medical students in the study,
however, this group may be involved in providing
medical assistance in a disaster or emergency
situation, hence an assessment of the possibility
of CPR in PPE AGP is one of the key actions to
determine an optimal method of CPR.

The study also has its strengths. Among them,
was the randomized cross-over study design, as
well as the fact that it was a multi-center study.
Additionally, a single-blinded study was utilized,
increasing its value. Another aspect supporting
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this study is the fact that, according to available
research, this is the first study comparing differ-
ent methods of CC of patients with suspected/
/confirmed COVID-19 by rescuers wearing per-
sonal protective equipment for aerosol generating
procedures.

Conclusions

In conclusion, according to the results of this
simulation trial, ACCD should be used for CC of pa-
tients with suspected/confirmed COVID-19. In the
absence of ACCD, it seems reasonable to change
the CPR algorithm (in the context of patients with
suspected/confirmed COVID-19) by reducing the
duration of the CPR cycle for one rescuer from the
current 2-min to 1-min cycles due to a statistically
significant reduction in the quality of CCs among
rescuers wearing PPE AGP. More studies on chest
compression quality with PPE AGP should be
conducted to confirm those data.
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Supplementary table 1. Level of significance comparing of two-sided
compression parameters for different chest compression methods

test of research chest

Chest compression depth

Manual CC CPRMeter LifeLine ARM
Manual CC 0.031 <0.001
CPRMeter 0.031 - 0.002
LifeLine ARM <0.001 0.002
Chest compression rate
Manual CC CPRMeter LifeLine ARM
Manual CC 0.047 0.001
CPRMeter 0.047 - 0.006
LifeLine ARM 0.001 0.006
Correct chest recoil
Manual CC CPRMeter LifeLine ARM
Manual CC <0.001 <0.001
CPRMeter <0.001 - <0.001
LifeLine ARM <0.001 <0.001
Subjective fatigue score
Manual CC CPRMeter LifeLine ARM
Manual CC <0.001 <0.001
CPRMeter <0.001 - <0.001
LifeLine ARM <0.001 <0.001 ---
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ABSTRACT

Background: Cardiopulmonary resuscitation (CPR) with the use of personal protective
equipment (PPE) for aerosol generating procedures (AGP) in patients with
suspected/confirmed COVID-19 remains challenging.

Aim: The aim of this study was to compare three chest compression methods applied by
paramedics wearing PPE.

Methods: The single-blinded, multi-centre, randomized, cross-over simulation study involved
67 paramedics wearing PPE AGP. They performed 2-minute continuous chest compressions
(CCs) in an adult patient with suspected/confirmed COVID-19 in three scenarios: (a) manual
CCs; (b) CCs with a TrueCPR feedback device; (c) CCs with a LUCAS3 mechanical CC
device.

Results: CC depth when using LUCAS3 compared with TrueCPR and manual CC was more
frequently correct 51 [50-55] vs. 47 [43-52] vs. 43 [38-46]mm; P = 0.005) and more often
performed correctly regarding CC rate 102 [100-102] vs. 105 [98-1114] vs. 116 [112-129]
compressions per minute; P = 0.027) and chest recoil 100 [98-100] vs. 83 [60-92] vs. 39
[25-50]%; P = 0.001). A detailed analysis of 2-minute resuscitation with manual CCs showed
a decrease in compression depth and full chest recoil after 1 minute of CCs.

Conclusion: We show that during simulated resuscitation with the use of PPE AGP in
patients with suspected/confirmed COVID-19, CC with LUCAS3 compared with manual CCs
as well as a TrueCPR feedback device essentially increased CC quality. In the case of manual
CCs by paramedics dressed in PPE AGP, it is advisable to change the person performing CC
every minute.

Keywords: cardiopulmonary resuscitation; chest compression; COVID-19; paramedic.



WHAT’S NEW?

This is the first study to compare manual chest compressions in a patient with
suspected/confirmed COVID-19 with chest compressions performed with a TrueCPR
feedback device, as well as with a LUCAS3 device among paramedics wearing personal
protective equipment (PPE) for aerosol generating procedures (AGP). It is worth
remembering that during the current SARS-CoV-2 pandemic, there is a large number of
patients infected or suspected of being infected with SARS-CoV-2. In the case of manual CCs
by paramedics dressed in PPE AGP, it is advisable to change the person performing CC every

minute.



1. INTRODUCTION

The world, especially emergency medicine, faces the challenge of fighting the SARS-CoV-2
coronavirus pandemic [1,2]. The transmission of SARS-CoV-2 is thought to occur mainly
through respiratory droplets generated by coughing and sneezing, and through direct contact
with contaminated surfaces [3,4]. In view of the above, full personal protective equipment
(PPE) for aerosol generating procedures (AGP) must be worn by all members of the
emergency medical service team before entering the room [5,6]. There is limited evidence
from observational studies showing a protective effect of up to 80% of masks and N95
respirators used by healthcare workers for SARS-CoV viruses [7]. FFP3 respirators should be
worn for airborne precautions. In addition, paramedics should also have a visor covering their
entire face.

In the case of cardiac arrest, immediate commencing of resuscitation improves
survival [8]. High-quality chest compressions are also of paramount importance for survival
and good neurological outcome [9,10]. Unfortunately, even medical personnel often perform
chest compressions without achieving the appropriate parameters specified in the guidelines
of the European Resuscitation Council [11] or the American Heart Association [12].
Numerous simulation studies often indicate too shallow chest compressions, too fast
compression rate, as well as incomplete chest relaxation [13]. No chest compressions or
airway procedures such as those detailed below should be undertaken without full PPE AGP.
The medical personnel should wear the above equipment before starting intervention in
patients with suspected/confirmed COVID-19 [3]. However, the use of PPE AGP may make
it difficult to perform cardiopulmonary resuscitation (CPR). Therefore, it is advisable to look
for alternative methods of chest compressions, which will increase their effectiveness in such

patients.



In this context, the objective of this study was to compare three chest compression methods
applied by paramedics waring PPE in simulated COVID-19 patient resuscitation: a) the

manual method, b) that with a TrueCPR feedback device, and c) that with a LUCAS3 device.

2. METHODS

2.1. Setting

Overall, 67 paramedics with no previous resuscitation experience in PPE usage were enrolled.
All participants signed a voluntary written informed consent prior to the study. Before the
evaluation, they were trained by certified instructors in advanced cardiovascular life support
on the usage of the LUCASS3 device, TrueCPR feedback device, as well as conventional
manual CPR in accordance with the American Heart Association 2015 guidelines [12] for 30
minutes. The study was approved by the Institutional Review Board of the Polish Society of

Disaster Medicine (approval No. 04.01.2020.IRB).

2.2. Study design

This is a prospective, randomized, cross-over simulation study, carried out at the Medical
Simulation Centre of Poznan University of Medical Sciences and Lazarski University in
Warsaw. On the next day after training, a standardized cardiac arrest scenario was presented
to the participants: “You are a member of an emergency medical team and you provide
medical assistance to a person quarantined because of a SARS-CoV-2 infection. When you
collect the medical history, the patient loses consciousness. The examination shows no pulse
or breath. Your colleague performs endotracheal intubation. You need to apply a 2-minute
continuous chest compression cycle’.

During the CPR, the paramedics wore a Tychem F chemical-resistant suit, providing

protection against organic and inorganic chemicals in high concentrations and against



particles below 1 um in diameter (DuPont Personal Protection, Luxemburg). The suit also
protects against biological hazards and against chemical weapon. In order to simulate real
actions with the SARS-CoV-2 patient, the paramedics wore a protective mask with FFP1
filter (3M™ Aura™ Disposable Respirator, FFP1, Valved, 9312+, 3M Inc., Bracknell, United
Kingdom) protective goggles (MedaSEPT®, Poznan, Poland), a visor, as well as double
nitrile gloves (see Figure 1). The participants were tested individually.
In the study, the following methods of chest compressions were tested:

1. manual chest compressions;

2. chest compressions with the use of a TrueCPR feedback device (Physio-Control,

Redmond, WA, USA);
3. chest compressions with a LUCAS3 mechanical chest compression system (Physio-
Control Inc., Lund, Sweden).

A Resusci Anne manikin (Laerdal, Stavanger, Norway) was used to simulate a patient
infected with SARS-CoV-2 requiring CPR. Chest compressions were performed continuously
for 2 minutes. Both the order of participants and chest compression methods were random.
For this purpose, the Research Randomizer (randomizer.org) was used. The paramedics were
divided into three groups: first group start CCs with manual chest compressions, second using
the TrueCPR feedback device, and third applying the LUCAS3 system. After a 2-minute CPR
cycle, the participants had a 1-hour break and then performed CPR by using a different
technique. Finally, each participant performed CCs using distinct compression methods. A

detailed randomization procedure is shown in Figure 2.

2.3. Data collection
Chest compression parameters were assessed with the LLEAP simulation software (Laerdal,

Stavanger, Norway) connected to the manikin and included: (1) chest compression depth, (2)



chest compression rate, (3) percentage of compressions with correct hand positioning, (4)
percentage of full chest recoil.

Additionally, the parameters were recorded in real time with a GoPro Hero 5 Black camera
(GoPro, Inc., California, United States of America), which allowed to register chest
compression parameters and analyse them in 20-second intervals. Goals were set in
accordance with the 2015 quality standard established by the European Resuscitation Council:
depth of 50-60 mm, rate of 100-120 compressions per minute (CPM).

Following the completion of a scenario, the participants were asked to grade each chest
compression method on the basis of their fatigue (1 = no fatigue, 100 = extreme fatigue) in
the relevant scenario, but they were discouraged from overall ranking the devices. The
demographic data collected included the paramedics’ age, gender, and work experience in

emergency medicine.

2.4. Statistical analysis

The data were blinded for the team interpreting the results. All participant and chest
compression parameters were summarized descriptively. Data were analysed by using the
Statistica version 13.3EN software (Tibco Inc, Tulsa, Oklahoma, United States of America).
The occurrence of normal distribution was confirmed by the Kolmogorov-Smirnov test.
Categorical data are presented as raw numbers and frequencies, and continuous and ordinal
data are presented as medians and interquartile ranges (IQR). The Friedman test was used for
the intra-group analysis, and the Wilcoxon signed-rank test for the pairwise comparison. A
p value less than 0.05 was considered statistically significant and the significance level was
adjusted using the Bonferroni correction for multiple comparisons for the post hoc analysis.
The median changes during 20-second epochs were tested using the Wilcoxon signed rank

test.



3. RESULTS
A total of 67 paramedics (25 females, 37.3%) participated in the study. Their median age was

30 (IQR, 27-33) years, and mean work experience time was 4.1 (IQR, 2-7) years.

3.1. Chest compression quality

The chest compression depth when using different chest compression methods varied and
equalled 43 mm (IQR: 38-46) vs. 47 mm (IQR: 43-52) vs. 51 mm (IQR: 50-55) (P = 0.005,
see Table 1) for manual chest compressions, TrueCPR, and LUCASS3, respectively. There
was a difference between the compressions with LUCAS3 and manual compressions

(P <0.001), as well as between compressions with LUCAS3 and with TrueCPR (P = 0.021).
The chest compression rate was 116 (IQR: 112-129) CPM for the manual method, 105 (IQR:
98-114) CPM with TrueCPR and 102 (IQR: 100-102) CPM with LUCAS3 (P = 0.027).
Moreover, significant differences between manual chest compressions and the use of
LUCAS3 were noted (P <0.001).

The percentage of correct chest recoil with manual chest compressions was 39%

(IQR: 25-50), 83% (IQR: 60-92) for TrueCPR and 100% (IQR: 98-100) for LUCAS3. The
analysis showed differences in correct chest recoil between manual compressions and
TrueCPR (P < 0.001), manual compressions and LUCAS3 (P < 0.001), as well as TrueCPR
and LUCAS3 (P = 0.033).

The correct hand placement was comparable in the examined chest compression techniques
and equalled 100% (IQR: 90-100) for manual compressions, 100% (IQR: 93-100) for
TrueCPR, and 100% (IQR: 95-100) for LUCASS.

The analysis at 20-second intervals showed a statistically significant decrease in chest
compression depth in the manual method (see Figure 3). When TrueCPR was used during

CPR, a significant reduction in chest compression depth was observed from 80 seconds



onwards. The analysis of the data for 20-second time periods showed no differences when
using LUCASS. However, differences in the rate of chest compressions during the 2-minute
chest compression period were observed in manual compressions and the TrueCPR method
(see Figure 4). The percentage of correctly performed chest recoil was the lowest for the
manual method and decreased over time as the chest compressions were performed, starting

from the first minute of compressions (see Figure 5).

3.2. Subjective rescuer fatigue
All participants completed all three 2-minute continuous resuscitation sessions. Self-reported

levels of fatigue for each chest compression method are presented in Table 2.

4. DISCUSSION

To our best knowledge, this is the first study to compare manual chest compressions in a
patient with suspected/confirmed COVID-19 with chest compressions performed with a
TrueCPR feedback device, as well as with a LUCAS3 device among paramedics waring PPE
AGP. It is worth remembering that during the current SARS-CoV-2 pandemic, there is a large
number of patients infected or suspected of being infected with SARS-CoV-2.

For safety reasons, both for the rescuers themselves and for the patients requiring
chest compressions or airway procedures, CPR should be undertaken with full PPE AGP. As
indicated by Li et al. [14], the population most at risk may be people with poor immune
function, such as the elderly and those with renal or hepatic dysfunction. Mortality is highest
in the group over 60 years of age. This is due to the coexistence of associated diseases. Many
times, in a patient infected with SARS-CoV-2, sudden cardiac arrest occurs for a completely

different reason, and undertaking CPR may cause return of spontaneous circulation.



The ability to perform high quality CPR is an important element of the management of
patients with sudden cardiac arrest, directly affecting survival and reducing neurological
losses [15,16]. The algorithms to be applied by the medical personnel are the guidelines of the
European Resuscitation Council [11] or the American Heart Association [12], following the
principles of evidence-based medicine. According to the above guidelines, chest
compressions should be carried out with the following parameters: depth of compressions:
5-6 cm, rate of chest compressions: 100-120 CPM. In addition, full chest relaxation should
be performed, as well as interruptions in chest compressions should be minimized [12].

In this study, we prospectively assessed differences in chest compression (CC)
methods applied by paramedics wearing PPE AGP in simulated COVID-19 patient
resuscitation. During simulated resuscitation CC with LUCAS3 compared with manual CCs
as well as a TrueCPR feedback device essentially increased CC quality. We indicated, for
instance, that the depth of chest compressions in the case of the manual technique is
insufficient. This result is consistent with other studies and applies to paramedics, physicians,
and nurses [17,18]. Moreover, it was shown that the depth of chest compressions performed
by paramedics dressed in PPE AGP was significantly reduced after the first minute of
intervention.

Taking into account the CPR guidelines with regard to changes of rescuers in 2-minute
cycles [19,20], it is reasonable to consider introducing, in the CPR algorithms for
suspected/confirmed COVID-19 patients, a reduction of a CPR cycle duration from 2 to 1
minute, especially since Kilig et al. [21] stated that there was no difference in the quality
measures of chest compressions between 1- and 2-minute cycles in a normal (without PPE
AGP) scenario.

Another important factor influencing the quality of chest compressions is the compression

rate [22,23]. In our study, the participants performed compressions with the correct rate;



however, the parameter differed between the methods studied. The most constant rate was
observed for the LUCAS3 device, and the rate with manual compressions was the fastest. The
guidelines recommend chest compressions with a rate of 100-120 CPM. As AHA and ERC
indicated there is a positive correlation between number of compressions delivered per minute
and success of resuscitation, and rates of 120/min or higher or less than 100/min being
associated with a decreased likelihood of survival. Also, studies by Idris et al. [24] confirm
that compression rates of 100-120 CPM are associated with greatest survival to hospital
discharge. As revealed by Chen at al. [25], the use of PPE may reduce the rate of chest
compressions. A compression rate higher than 120 CPM may improve organ perfusion but
does not increase survival to hospital discharge. In turn, it may lead to faster fatigue of the
rescuer, which in consequence results in lower quality of chest compressions [26,27].

Full chest recoil also shows significant effects on improved survival and favourable
neurologic outcome [28]. Full chest relaxation combined with chest compressions at an
appropriate depth are essential for optimal perfusion pressure [29,30]. Lee et al. [31] show
significantly more incomplete chest recoils at the rate of over 120 CPM than at any other rate.
In the study, the percentage of full chest recoil was insufficient for manual compressions.
Many studies indicate that the use of CPR feedback devices can improve chest compression
quality [32-35]. Buléon et al. [17] demonstrated that a real-time feedback device provided
longer, effective, steadier chest compressions over time; however, as the presented study has
revealed, the depth parameters of chest compressions using the device were higher than those
of manual compressions, but still insufficient in relation to the current CPR guidelines
[19,36].

This may be due to excessive fatigue of rescuers. This seems to be confirmed by Rodriguez et
al. [37], who evidenced that CPR while wearing level D PPE required intensive physical

effort. Nowadays, more and more emergency teams are equipped with mechanical chest



compression systems that allow for high-quality chest compressions, also when an ambulance
moves to a hospital [38]. It is noteworthy that automatic chest compression devices are not
recommended for routine use during resuscitation [39]. However, it should be assumed that
resuscitation of patients with suspected/confirmed COVID-19 is not a routine action, and the
PPE AGP used by rescuers reduces the motoric capacity and affects the rescuer’s overheating

and fatigue [40-42].

5. LIMITATIONS

The study has both limitations and strengths. First and foremost, we can mention conducting
the study under simulated CPR rather than real resuscitation, but this choice of the test
method was deliberate and dictated by the fact that medical simulation allows for full
standardization of medical procedures performed [43,44], and the current epidemic situation
related to SARS-CoV-2 does not allow to conduct this type of tests because they could
prolong the time of the performed procedures and expose the patient’s and paramedic’s health
to harm [45]. The second limitation is to include only paramedics; however, it is this
professional group that may realistically face the situation of having to undertake CPR,
including in a patient with suspected/confirmed COVID-19. The paramedics themselves, in
pre-hospital conditions, can only count on their skills and equipment available in the
ambulance. A third limitation concerns the participation in the study of paramedics who had
no previous experience of performing CPR in a PPE-AGP, however, such an action was
deliberate. The current pandemic situation has put medical personnel facing a global threat
and the need to use PPE-AGP. Most of the medical personnel (both in hospital and
prehospital setting) were not concerned with the use of PPE-AGP. In view of the above, it
was decided to select paramedics for the study, who constitute a specific first line of contact

with patients with OHCA. The strengths of the study should also be indicated and may



include the fact that this was a multi-centre randomized cross-over study. Moreover, it was

the first study to evaluate the resuscitation capacities of paramedics dressed in PPE AGP.

6. CONCLUSIONS

During resuscitation in simulated patients with suspected/confirmed COVID-19 performed by
paramedics wearing PPE AGP, chest compression with LUCAS3 compared with the manual
method as well as a TrueCPR feedback device increased the compression quality. In the case
of manual chest compressions performed by paramedics dressed in PPE AGP, it is advisable

to change the rescuer every 1 minute.
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Table 1. Data from 2-minute chest compression scenarios. Parameters are shown as a median

form the 2-minute period.

Chest compression technique

Wilcoxon signed-rank test

Parameter Manual TrueCPR | LUCAS3 P-value |Avs.B|Avs.C |Bvs.C
CC (A) (B) (®)

Chest 43 47 51 0.005 0.328 | 0.001 | 0.451
compression (38-46) (43-52) (50-55)

depth

Chest 116 105 102 0.027 0.097 0.001 0.211
compression rate | (112-129) (98-114) (100-102)

Correct  chest 39 83 100 0.001 <0.001 | <0.001 | <0.001
recoil (25-50) (60-92) (98-100)

Correct  hand 100 100 100 0.225 0.977 | 0.891 0.772
placement (90-100) (93-100) (95-100)

Abbreviations: CC, Chest Compressions; CPR, Cardiopulmonary resuscitation.




Table 2. Level of fatigue during each trial based on a Linkert scale rating.

Parameter Chest compression technique P-Value | Wilcoxon signed-rank test

Manual CC | TrueCPR | LUCAS3 A A B

(A) (B) (©) VS. VS. VS.

B C C

Participants’ 0.724 | <0.001 | <0.001
perception

70 (50-86) | 70 (45-82) | 17 (10-20) | 0.001

of fatigue
(1-100)

Abbreviations — see Table/Figure 1



Table 3. Level of fatigue during each trial based on a Linkert scale rating.

Manual CC TrueCPR LUCAS3 P-Value

Participants’
perception of 70 (50-86) 70 (45-82) 17 (10-20) 0.001

fatigue (1-100)

Abbreviations — see Table/Figure 1



Figure 1. Paramedic wearing protective equipment for aerosol generating procedures.
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ABSTRACT

INTRODUCTION: The prevailing COVID-19 pandemic forces paramedics to take medical rescue operations
using personal protective equipment (PPE) for aerosol-generating procedures (AGP). The use of PPE-AGP
may reduce the effectiveness of the procedures performed, including airway management, intravascular
access, or chest compression.

The goal of the current study was to compare the quality by which a chest compression during simulated
COVID-19 resuscitation while wearing PPE-AGP. A secondary goal was to assess provider preferences with
standard versus OHD chest compression methods while wearing PPE-AGP.

METHODS: This is a randomized cross-over single-blinded study involving 37 paramedics performing 2-min
continuous chest compression using two methods: the standard chest compression (CC) method during
which the rescuer takes a position to the side of the victim (STD) and over-the-head position (OHD). During
cardiopulmonary resuscitation, study participants wore Class C PPE-AGP. Both the order of study participants
and compression methods were random. The results were blinded before statistical analysis. The compres-
sion rate per minute (CPM), CC depth as well as full chest recoil were measured. The analysis was undertaken
using STATISTICA (V13.3EN).

RESULTS: Mean chest compression depth using distinct CC methods varied and amounted to 42 + 2mm for
STD vs. 46 + 4mm for OHD (p < 0.001). Chest compressions based on the OHD method were associated with
a lower frequency of chest compressions (107 = 7CPM) compared with STD (114.5 * 8; p< 0.001). A higher
percentage of full chest recoil was observed in the case of STD (42 + 6%) than in the case of OHD (34 + 10%).

CONCLUSIONS: Based on the current simulation trial, it is impossible to clearly determine which method (STD
vs. OHD) is more effective in resuscitation with PPE-AGP. Paramedics wearing PPE-AGP achieved better chest
compression depth for OHD compared to the STD, however, OHD resuscitation causes a lower degree of full
chest relaxation. A further well-designed clinical study looking at efficacy, safety, and outcomes is needed
to confirm current results.
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INTRODUCTION

The outbreak of coronavirus disease 2019 (COVID-19)
has become a primary challenging public health issue
[1]. On March 11, 2020, the World Health Organi-
zation declared that the pandemic of COVID-19 had
become a public health emergency of global concern.
As of September 2, 2020 COVID-19 has been report-
ed with a total of 25.835.301 confirmed cases and
over 858.661 deaths. New coronavirus SARS-CoV-2 is
mainly transmitted through 1) Direct exposure with
cough, sneeze, and droplet inhalation within a range
of about 1.8 meters; and 2) Contact transmission
through contact with oral, nasal, and eye mucous
membranes [2, 3]. Current personal protective equip-
ment (PPE) and infection control guidelines from the
WHO is based on the assumption that the prima-
ry mechanism of transmission is direct and indirect
droplet spread. In this situation, paramedics working
in the pre-hospital setting should treat any patient
as potentially infected with the SARS-CoV-2 virus
[4, 5]. The WHO advises that airborne transmission
can occur, but only when aerosol-generating pro-
cedures (AGP) are performed [6]. AGPs are those
that have the potential to generate aerosols and
droplets that can spread respiratory pathogens. In
this context, cardiopulmonary resuscitation (CPR) is
a complex procedure that is particularly dangerous
for medical personnel. As the study by Borkowska et
al. examining the effectiveness of cardiopulmonary
resuscitation during the COVID-19 pandemic, the re-
turn of spontaneous circulation (ROSC) in prehospital
setting was observed only in 9.4% of resuscitated
patients [7]. In turn, Baldi et al. indicating the OHCA
issues in Italy indicate that during the first 40 days of
the COVID-19 outbreak (February 21 through March
31, 2020) with those that occurred during the same
period in 2019 and indicate a 58% increase rate
of OHCA in 2020 [8]. Low patient survival may be
caused by both the negative consequences of SARS-
CoV-2 infection, as well as the reduced effectiveness
of the procedure performed by Emergency Medical
Service personnel wearing PPE-AGP.

The goal of the current study was to compare
the quality by which a chest compression during
simulated COVID-19 resuscitation while wearing
PPE-AGP. A secondary goal was to assess provider

Disaster Emerg Med J 2020; 5(3): 127-133

preferences with standard versus OHD chest com-
pression methods while wearing PPE-AGP.

METHODS
Study Population and Setting
The study population consisted of paramedics par-
ticipating in the training of Advanced Cardiovascu-
lar Life Support (ACLS) conducted according to the
AHA guidelines [9]. Inclusion criteria were: a) con-
sent to participate in the study, b) active paramedic
status, ¢) minimum one year of experience in EMS
teams. Exclusion criteria were: a) refusal to consent,
b) presence of medical concerns precluding the abil-
ity to participate, including pregnancy or asthma,
) symptoms or suspicion of viral infection.

Study Design

A prospective, randomized, crossover single-blind-
ed simulation trial was conducted. The protocol of
this trial was approved by the Institutional Review
Board of the Polish Society of Disaster Medicine
(No. 22.01.20.IRB). The study was conducted ac-
cording to the Consolidated Standards of Reporting
Trials (CONSORT) statement (Suppl. 1).

Before beginning the simulation portion of the
study, all participants were asked to complete a short
questionnaire concerning previous experiences with
clinical resuscitation as well as PPE-AGP using. Addi-
tionally, all participants participated in a 60-minute
training session reminding the principles of cardio-
pulmonary resuscitation following the guidelines of
the American Heart Association (AHA) [9], as well
as the demonstration of the correct donning of the
PPE-AGP suit and performing chest compression
using the STD and OHD method (Fig. 1).

After the demonstration session, participants
were randomized to STD or OHD while wearing
a Tychem F Level-C (DuPont, Wilmington, USA) suit,
airway protection N95 respirator (3M Poland, Ka-
jetany, Poland), face shield (3M Poland, Kajetany,
Poland) including double nitrile gloves (MedaSEPT®,
Poznan, Poland).

The participants were then asked to perform
a 2-minute cycle of continuous chest compression
(CCO) using one method, then had a 30-minute
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Sequence 1

Sequence 2

FIGURE 2. Randomization flow chart

break, and then performed chest compression us-
ing another method. The detailed procedure of trial
randomization is presented in Figure 2.

All chest compressions were performed on a Sim-
Man 3G (Laerdal Inc., Stavanger, Norway) adult sim-
ulator. The simulator was placed on a flat surface
to simulate sudden cardiac arrest at home.

After performing chest compression both meth-
ods, each participant completed the post-interven-
tion questionnaire regarding perceptions of ease
of chest compression while wearing PPE-AGP.

Outcomes and Data Collection

The primary outcome measure was the quality of
chest compression, which consisted of the follow-
ing parameters: chest compression rate, chest com-
pression depth as well as chest recoil. The values

indicated in the AHA guidelines [9] were used as
reference values. Accordance with those guidelines,
chest compression rate should be between 100 and
120 compressions per minute (CPM), the depth of
chest compressions should be 5 to 6 cm, and after
each compression should be followed by full relaxa-
tion of the chest.

The chest compression quality data was recorded
in real-time using the simulator control software
— Laerdal Learning Application (LLEAP software,
v.7.1.0; Laerdal Inc, Stavanger, Norway).

De-identified participants’ data were entered
into Macintosh Excel Database (Microsoft Excel
for MAC 2020, v.16.40; Microsoft Inc., Redmond,
WA, USA). Data were correlated with question-
naire response data by the use of pre-assigned
participant numbers.
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Table 1. Summary of study results

Compression parameter STD OHD MD / OR (95%Cl) p-value
CC depth (mm) 42 (+2) 46 (+4) MD = -4.00 (-5.44, -2.56) < 0.001
CC rate (CPM) 114.5 (£8) 107 (=7) MD = 7.50 (4.07, 10.93) < 0.001
Chest recoil (%) 42(=6) 34 (+10) MD = 8.00 (4.24, 11.76) < 0.001
Correct hand placement (%) 96.5 (+2.5) 96 (+4) MD = 0.50 (-1.02, 2.02) 0.52
Preferences (%) 16/37 (43.2%) 21/37 (56.8%) OR = 0.58 (0.23, 1.46) 0.25

CC — Chest compression; CPM — Compressions per minute; STD — Standard position; OHD — Over-the-head position; MD — Mean difference; OR — Odds ratio; Cl — Confidence interval

Statistical analysis and Sample Size Calculations
Sample size calculations were performed based on
a two-sided paired t-test assuming 80% power and
a significance level of 0.05. Assumptions for expect-
ed results were based upon the work of Malysz et al.
[10]. Those calculations indicated that a sample size
of 32 participants would be required to power the
trial adequately to detect a difference of 5 millime-
ters between the two modalities. To ensure a safety
margin, we recruited 37 participants in this study.

All calculations were done with the STATISTICA
software package (v.13.3EN; Tibco Inc, Tulsa, OK,
USA). For statistical analysis, the data was blinded.
Continuous features were summarized with means
and standard deviations. Categorical features were
summarized with frequency counts and percent-
ages. The Kolmogorov-Smirnov test was applied to
test data for normality. Fisher Exact Tests were used
to compare resident survey responses. We com-
pared qualitative variables by Fisher exact test and
Kruskal-Wallis test. Continuous data, including the
time for the successful intravascular access, were
analyzed using analysis of variance (ANOVA) test-
ing. All tests were two-sided and p values less than
0.05 were considered statistically significant.

RESULTS

The study involved 37 paramedics whose mean age
was 31 = 7.5 years and mean work experience in
EMS was 6.7 = 4.5 years. All participants in the
study declared their experience in the field of CPR in
clinical settings. None of the study participants had
experience with chest compression wearing PPE-
AGP before study entry.

A detailed summary of the results of chest com-
pression parameters is presented in Table 1. Mean
chest compression depth using distinct CC meth-
ods varied and amounted to 42 + 2 mm for STD
vs. 46 = 4mm for OHD (p < 0.001). Chest com-

pressions based on the OHD method were associ-
ated with a lower frequency of chest compressions
(107 = 7CPM) compared with STD (114.5 + §;
p < 0.001). A higher percentage of full chest recoil
was observed in the case of STD (42 = 6%) than in
the case of OHD (34 = 10%). This difference was
statistically significant (p < 0.001). The differences
incorrect hand placement between STD and OHD
were not statistically significant.

Most people (58.8%) indicated OHD as the pre-
ferred method during true CPR. The remaining people
indicated the STD method as the preferred method.

DISCUSSION

The aim of the study was to compare two techniques
of chest compression (STD vs. OHD) performed by
paramedics wearing PPE-AGP. The prevailing COV-
ID-19 pandemic causes that in the case of OHCA par-
amedics should perform CPR in protective suits. To
the authors’ knowledge, this is the first STD vs. OHD
under the conditions of use personal protective
equipment against aerosol-generating procedures.

Performing medical procedures when healthcare
workers are wearing PPE-AGP may reduce the effec-
tiveness of the procedures performed by extending
the duration of these procedures as well as reducing
the effectiveness of individual attempts to perform
the procedure. This applies to both obtaining intra-
vascular access [11], advanced airway management
[12], as well as the effectiveness of chest compres-
sion [13]. Chen et al. [14] indicated significant dete-
rioration of CC performance in HCWs with the use
of a level-C personal protective equipment, which
may be a disadvantage for enhancing the survival
of cardiac arrest. In turn, a study by Donoghue et
al. shows that during a clinically appropriate 2-min-
ute period, neither CC quality nor self-reported fa-
tigue worsened to a significant degree in providers
wearing PPE [15]. Donghue also indicates that that
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Pediatric Basic Life Support recommendations for CC
providers to switch every 2 minutes need not be al-
tered with PPE use. The research of Malysz et al. [13]
indicates that in the case of adult resuscitation, the
use of PPE reduces the quality of chest compression,
including a reduction in the depth of chest compres-
sions and the correctness of chest relaxation with
time. The differences between these two studies
can be explained by the fact that resuscitation was
carried out concerning the various simulators: an
adult and a child. In the study by Malysz et al. an
adult simulator was used, whose cardiopulmonary
resuscitation requires much more effort than the
resuscitation of a child. On the other hand, Dong-
hue indicates that the depth of chest compression
did not decrease significantly over time, however,
according to the analysis of the data obtained by
him, chest compression was performed based on
too shallow chest compressions, which were on
average 2.2 cm, while the guidelines of resuscita-
tion for 5-years old child recommend that the CC
depth be between 1/3 to 1/2 of the anteroposterior
diameter of the chest, corresponding to a depth
of at least 5cm [16]. Nerveless, it is clear that the
returning of the spontaneous circulation (ROSC) in
patients experiencing cardiac arrest is dependent
on the quality of the CPR they receive. However,
a number of investigations have demonstrated that
rescuers develop immediate fatigue during CPR and
the quality of CC declines rapidly after 1 to 3 min
of CPR [17]. Abelairas-Gémez et al. showed that
a simple strength training program has a significant
impact on the quality of chest compressions and
its maintenance over time [18]. The analysis of the
performed examination showed a statistically signif-
icantly greater depth of chest compressions during
compression performed by OHD. This may be due to
the force applied to the chest being directed differ-
ently, thus exerting more pressure on the chest than
is the case with an STD.

Another parameter, apart from the depth of
chest compressions, influencing the quality of chest
compression is the CC rate per minute. The chest
compression rate was also associated with the re-
turn of spontaneous circulation [19, 20]. CPR guide-
lines performer by AHA as well as ERC recommends
that the CPR be greater than 100CPM, but not
greater than 120CPM [21, 22]. Despite the exist-
ence of differences in the rate of chest compression
despite the STD and OHD groups, these rates were
within the recommended range. Despite subsequent

editions of the CPR guidelines, there is still no con-
sensus among scientists regarding the optimal rate
of chest compression. As indicated Solevdg et al.
[23] and other authors, a higher CC rate (i.e. over
120/min) is also more fatiguing, which affects CC
quality [24]. In turn, a study by Kilgannon et al. con-
ducted in in-hospital cardiac arrest adult patients,
a chest compression rate of 121-140CPM had the
highest odds ratio of ROSC [25]. In the case of
OHCA, Idris et al. indicated that compression rates
between 100 and 120CPM were associated with the
greatest survival to hospital discharge [19].

In this study, the continuous chest compression
technique was selected. According to the ERC and
AHA guidelines, efforts should be made to minimize
interruptions in chest compressions. Moreover, as
evidenced by Ewy et al. [26] research, CCC com-
pared with 30:2 compressions-to-ventilations car-
diopulmonary resuscitation improved neurological
outcome. Wang et al. in a prospective, randomized
animal study in the first 12 minutes of CPR, contin-
uous compressions could maintain relatively better
coronary perfusion pressure, PaO,, and global ven-
tilation/perfusion values than 30:2 cardiopulmonary
resuscitation [27]. The above advantage of contin-
uous chest compressions over 30:2 resuscitation
was also confirmed in other studies [28-30]. How-
ever, as the study by Liu et al. shows, chest com-
pression quality decreased significantly faster when
performing CCC compared to 30:2 method [31].
Therefore, the person compressing the chest should
be changed every two minutes or sooner.

Another parameter influencing the quality of
chest compression is full chest recoil (FCR), which was
independently associated with improved survival and
favorable neurologic outcome at hospital discharge
after adult OHCA [32]. In our study, the correctness
of chest relaxation in both STD and OHD was insuffi-
cient, and in the case of OHD, a statistically significant
reduction in the correctness of FCR was observed. This
may be because paramedics tend to lean excessively
on the patient’s chest in over-the-head resuscitation.

The above-mentioned and described parameters
of chest compression, such as the depth of chest
compressions, the frequency of compression or the
correctness of chest relaxation are extremely impor-
tant and affect the quality of the compression and
thus the effectiveness of the entire CPR, however,
they should not be treated individually — but try to
perform CPR based on all parameters of chest com-
pression at the same time [33, 34].
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Limitations and Strengths
Limitations of the medical simulation trials have been
previously described [13]. In addition, only a group
of paramedics participated in the study, however, it
was a deliberate action dictated by the fact that par-
amedics are the first line of contact with OHCA pa-
tients and are relatively often forced to undertake re-
suscitation measures in pre-hospital conditions, and
in the time of the prevailing COVID pandemic -19,
these procedures should be performed in PPE-AGP.
The study also has strengths. To the authors’
knowledge, this is the first study to evaluate STD
vs. OHD chest compression methods by paramedics
while wearing PPE-AGP. Another strong point of the
study is its randomized cross-over nature and the
fact that it was a single-blinded study.

CONCLUSIONS

Based on the current simulation trial, it is impossible to
determine which method (STD vs. OHD) is more effec-
tive in resuscitation with PPE-AGP. Paramedics wearing
PPE-AGP achieved better chest compression depth for
OHD compared to the STD, however, OHD resuscitation
causes a lower degree of full chest relaxation. A further
well-designed clinical study looking at efficacy, safety,
and outcomes is needed to confirm current results.
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4. PODSUMOWANIE | WNIOSKI

Zbor prac dotyczacych efektywnosci kompres;ji klatki piersiowej w warunkach symulowanej
resuscytacji krgzeniowo — oddechowej pacjenta z podejrzeniem lub potwierdzeniem
COVID-19 prowadzonych przez personel ubrany w kombinezony ochrony osobistej sktada
sie z trzech publikacji oryginalnych [44-46]. Badania zostaty przeprowadzone w warunkach
symulacji medycznej, przy czym dwa badania byty badaniami wieloosrodkowymi [44,45].
W celu symulacji pacjenta z podejrzeniem/potwierdzeniem choroby zakaznej
wykorzystano zaawansowany symulator osoby dorostej SimMan 3G (Laerdal, Stavanger,
Norwegia).

Celem pierwszej pracy byto pordéwnanie jakosci kompresji klatki piersiowej z
wykorzystaniem systemu mechanicznej kompresji klatki piersiowej LUCAS3, urzadzenia
wspomagajgcego kompresje klatki piersiowej — CPRMeter2 oraz bezprzyrzagdowej
kompresji. Podczas badania personel medyczny byt ubrany w kombinezony ochronne
ProChem | F, maske twarzowa klasy FFP2, gogle ochronne, przytbice oraz podwdjne
nitrylowe rekawice ochronne.

Celem drugiej pracy byto poréwnanie trzech metod kompres;ji klatki piersiowej pod
katem jakosci uciskania klatki piersiowej: mechanicznej kompresji z wykorzystaniem
systemu LUCAS3, z wykorzystaniem urzadzenia TrueCPR2 oraz jako ztotego standardu
bezprzyrzadowej kompresji klatki piersiowe;.

Celem trzeciej pracy byto wptywu pozycji ratownika wzgledem pacjenta podczas
prowadzenia bezprzyrzgdowej kompres;ji klatki piersiowej. Podczas badania resuscytacja
byta prowadzona w dwdch scenariuszach, gdzie ratownik wykonujacy kompresje klatki
piersiowej znajduje sie: a) z boku pacjenta; b) za gtowg pacjenta.

Od grudnia 2019 roku, Swiat boryka sie z nowym koronawirusem SARS-CoV-2, ktéry
wywotuje chorobe COVID-19 [47]. Obecnie choroba ta przybrata forme pandemii, zas na
dzien 29 listopada 2020r. odnotowano 6238 7797 przypadkdw choroby, ktéra
spowodowata smier¢ blisko 1,5 miliona osdb co stanowi $miertelnos¢ na poziomie 2,3%.
Jak wskazuja liczne badania SARS-CoV-2 podobnie jak wirus grypy moze by¢ roznoszony
droga kropelkowa, stad personel medyczny podczas wykonywania dziatan medycznych

powinien by¢ ubrany w kombinezony ochronne, aby zmniejszy¢ ryzyko infekcji [48].



Jednakze zastosowanie kombinezonéw ochronnych moze wptyngé na zmniejszenie
efektywnosci wykonywanych procedur jak réwniez wydtuzyc ich czas. Dotyczy to zaréwno
zabezpieczania drég oddechowych [49,50], uzyskiwania dostepdw donaczyniowych [51,52]
jak rowniez samej kompresji klatki piersiowej [53]. Powyzsza tendencja dotyczy zaréwno
procedur wykonywanych wzgledem dorostych jak i pacjentédw pediatrycznych [54].

Manualna (bezprzyrzagdowa) kompresja klatki piersiowej stanowi podstawowg
metode stosowang podczas resuscytacji krgzeniowo — oddechowej. Obecnie prowadzone
szkolenia, z uwagi na koniecznos¢ redukcji strachu przed podejmowaniem resuscytacji jak
rowniez wyrobienia nawyku podejmowania kompresji klatki piersiowej u osoby z
zatrzymaniem krazenia prowadzone sg juz na etapie wczesnoszkolnym [55,56]. Jednakze
wiele badan nadal wskazuje na prowadzenie kompresji klatki piersiowej o
niewystarczajacej jakosci, zarowno w aspekcie personelu medycznego [31,57] jak i 0s8b nie
nieposiadajacych wyksztatcenia medycznego [58,59]. W badaniach wtasnych manualna
kompresja klatki piersiowej réwniez generowata najnizszg gtebokosé ucisnie¢ klatki
piersiowej [44,45].

W badaniu opublikowanym na tamach Disaster and Emergency Medicine Journal
porownano dwie techniki bezprzyrzadowej kompresji klatki piersiowej w zaleznosci od
pozycji ratownika wzgledem pacjenta. Wyniki te wskazaty, iz bardziej optymalng pozycja
ratownika przy kompresji klatki piersiowej jest pozycja zza gtowy pacjenta. Wyniki w
warunkach normalnych (bez kombinezonu CBRN) potwierdzajg réwniez wyniki Cwiertni i
wsp. [60], jak rowniez Nasiri [61]. Jednakze pozycja zza glowy pacjenta zwigzana jest z
wiekszym ryzykiem opierania sie ratownika na klatce piersiowej, co sprzyja ograniczeniu
dekompresji klatki piersiowej [46].

Jak wskazujg przytoczone powyzej publikacje oraz wyniki badan wtasnych,
manualna kompresja klatki piersiowej prowadzona przez personel medyczny ubrany w
petne kombinezony ochrony osobistej jest mato efektywna. W zwigzku z powyzszym
rozsgdnym jest stosowanie alternatywnych metod podnoszacych jakos¢ kompresji klatki
piersiowej a tym samym prowadzonej resuscytacji krgzeniowo — oddechowej.

Zastosowanie urzadzen wspomagajacych resuscytacje poprzez wskazywanie w
czasie rzeczywistym czestosci i gtebokosci kompres;ji klatki piersiowej czy tez stopnia jej
relaksacji moze wptyna¢ korzystnie na prowadzong resuscytacje, gdyz ratownik niezaleznie

czy jest ubrany w kombinezon CBRN czy tez nie, jest w stanie w czasie rzeczywistym
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korygowad jakos¢ prowadzonej kompresji w oparciu o wskazania urzadzenia [62]. Obecnie
wytyczne resuscytacji zalecajg stosowanie urzadzen typu TrueCPR czy tez CPRMeter juz na
etapie nauczania resuscytacji tak aby potencjalny ratownik wyrobit nawyki dotyczace
uciskania klatki piersiowej na odpowiednig gtebokos¢ i z odpowiednig czestoscia, jak
rowniez wykonywat kompresje klatki piersiowej z jej petng relaksacjg [2,63].

Przeprowadzone badanie [44,45] wykazato, iz w przypadku studentéw medycyny
zastosowanie asystentdw resuscytacji w postaci urzadzenia CPRMeter wigzato sie z
poprawag gtebokosci uciskdw w poréwnaniu z manualng kompresjg (P=0.031). W przypadku
ratownikdw medycznych zastosowanie urzadzenia TrueCPR wptywato na poprawe
gtebokosci ucisnie¢ klatki piersiowej w pordéwnaniu z bezprzyrzagdowa resuscytacja,
jednakze réznice te nie byty istotne statystycznie (P=0.328). Jednakze zaréwno w przypadku
CPRMeter jak i TrueCPR odnotowano istotnie statystycznie wyzszy poziom poprawnej
relaksacji klatki piersiowej (P<0.001).

Wytyczne Europejskiej Rady Resuscytacji jak i Amerykanskiego Towarzystwa
Kardiologicznego nie zalecajg rutynowego stosowania mechanicznych systemoéw kompresji
klatki piersiowej, gdyz jak wskazujg niektére publikacje naukowe zastosowanie tych
urzadzen nie wptywa na zwiekszenie przezywalnosci pacjentédw. Jednakie wytyczne
wskazujg rdéwniez potencjalne sytuacje kliniczne w ktérych mozemy zastosowad
mechaniczne system do kompres;ji klatki piersiowej. Nalezg do nich m.in.: przedtuzajaca sie
resuscytacja krgzeniowo — oddechowa czy tez niemozliwos¢ utrzymania wysokiej jakosci
kompresji klatki piersiowej jak ma to miejsce np. podczas transportu pacjenta. Mogliocca i
wsp. prowadzac badanie na modelu zwierzecym udowodlinli, iz system LUCAS w
poréwaninu z manualng kompresja klatki piersiowej generuje wyzsze cisnienia (43 +4i 18
+ 4 mmHg) jak réwniez zwieksza poziom korncowo-wydechowego dwutlentku wegla (31 +
2i 19 £ 2 mmHg) [30]. Dodatkowo resuscytacja z wykorzystaniem systemu LUCAS wigzata
sie z nizszym stezeniem kwasu mlekowego (odpowiednio: 6,6 + 0,4 i 8,2 + 0,5 mmol/L,
P<0,01). Na mozliwos¢ zastosowania mechanicznych systeméw kompres;ji klatki piersiowe;j
podczas transportu pacjenta wskazujg réwniez inni autorzy [64].

Khan i wsp. w swojej meta-analizie wykazali, iz manualna kompresja klatki
piersiowej byta bardziej efektywna anizeli resuscytacja z wykorzystaniem systemu
AutoPulse oraz poréwnywalna z systemem LUCAS w aspekcie 30-dniowej przezywalnosci,

przezywalnosci do wypisu ze szpitala badz stanu neurologicznego pacjenta [65]. Khan i wsp.
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ponadto wskazali, iz manualna kompresja klatki piersiowej wigzata sie z mniejszym
ryzykiem wystgpienia odmy preznej czy tez krwiaka jamy opfucnej w poréwnaniu do
systemu AutoPulse. Z kolei Gao i wsp. analizujgc 133 przypadki pozaszpitalnego
zatrzymania krgzenia wskazali AutoPulse jako bardziej efektywng metode kompresji klatki
piersiowej w porownaniu z manualng kompresja klatki piersiowej [66]. Z kolei meta-analiza
wykonana przez Bonnes i wsp. wskazuje na wyzszg efektywno$¢ mechanicznej kompres;ji
klatki piersiowej nad manualng zarowno w zakresie przezywalnosci do przyjecia do szpitala,
jednakze dane te nie wskazuja na zwiekszenie efektywnosci w zakresie poprawy
neurologicznej pacjentéw [67]. Koster i wsp. poréwnali urzadzenia do mechanicznej
kompresji klatki piersiowej: LUCAS i AutoPulse. Wykazali rowniez, iz system LUCAS nie
powodowat statystycznie istotnie wiecej zagrazajacych zyciu uszkodzen duzych naczyn
anizeli urzadzenie AutoPulse [68].

Jak wspomniano uprzednio, zastosowanie kombinezonéw ochronnych moze
wptywaé na zmniejszenie jakosci ucisnie¢ klatki piersiowej. Chen i wsp. wykazali iz
zastosowanie kombinezondw wigzato sie ze znacza redukcjg efektywnych ucisnie¢ klatki
piersiowej w poréwnaniu z resuscytacja prowadzong bez kombinezonu ochronnego
(odpowiednio: 41,3 £+17,1% i 67,5 + 15.6%; P < 0,001)[38].

Przeprowadzone badania symulacyjne wskazujg, iz w przypadku prowadzenia
resuscytacji krgzeniowo — oddechowe] osoby z podejrzeniem/potwierdzeniem choroby
zakaznej personel medyczny ubrany w kombinezony ochrony osobistej CBRN powinien w
celu optymalizacji jakosci kompresji klatki piersiowej stosowa¢ mechaniczne systemy
kompresji klatki piersiowe;j.

Bezprzyrzadowa kompresja klatki piersiowej prowadzona przez personel medyczny
w kombinezonach CBRN zza gtowy pacjenta generuje wiekszg gtebokos¢ uciskdw anizeli w
przypadku, gdy ratownik zajmuje pozycje z boku pacjenta.

Efektywnos¢ bezprzyrzadowej kompresji klatki piersiowej podczas gdy ratownik
ubrany jest w kombinezon CBRN spada juz po pierwszej minucie kompresji, zasadnym

zatem jest rozwazenie zmiany czestosci osoby prowadzacej kompresje klatki piersiowe;j.

77



5. OSWIADCZENIA AUTOROW PUBLIKACJI

78



Dr n. o zdr. Marek Dabrowski Poznan, 30.11.2020r.

(imie i nazwisko) (miejscowos¢, data)

OSWIADCZENIE

Jako wspétautor pracy:

Malysz M, Dabrowski M, Battiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M,

Filipiak KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with

suspected/confirmed COVID-19 when wearing personal protective equipment: A

randomized multicenter crossover simulation trial. Cardiol J. 2020; 27(5):497-506. doi:
10.5603/CJ.a2020.0068.

oswiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badafi oraz przedstawienie pracy w formie publikacji stanowi:
wspétudziat w zbieraniu danych oraz przygotowaniu manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako

czgsci rozprawy
doktorskiej Marka Malysza.

Dtn.oz&.Matethbrowskl
MM@M)




Prof. B. W. Bottiger Cologne, 30 Nov 2020

(imie [ nazwisko) (city, date)

OSWIADCZENIE

As a co-author of manuscript:

Malysz M, Dabrowski M, Bottiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M,
Filipiak KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with
suspected/confirmed COVID-19 when wearing personal protective equipment: A
randomized multicenter crossover simulation trial. Cardiol J. 2020; 27(5):497-506. doi:

10.5603/CJ).a2020.0068.

| declare that my own substantive contribution to the preparation, conduct, and develop
research and presentation of work in the form of publication is: drafting the manuscript
for important intellectual content.

My percentage in the preparation of publication refer to as the 5%.
| also agree to use this manuscript as a part of a doctoral dissertation of Marek Malysz.

T vV
/ Prof. B. W. Bottiger

(signature)



Dr hab. n. med. Jacek Smereka, Prof UMW Wroctaw, 30.11.2020r.

(imie | nazwisko) (miejscowodt, data)

OSWIADCZENIE

Jako wspétautor pracy:

Malysz M, Dabrowski M, Bottiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M, Filipiak
KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with suspected/confirmed
COVID-19 when wearing personal protective equipment: A randomized multicenter

crossover simulation trial. Cardiol J. 2020; 27(5):497-506. doi: 10.5603/CJ.a2020.0068.

o$wiadczam, iz méj wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat w
analizie statystycznej oraz przygotowaniu manuskryptu. Moj udziat procentowy w
przygotowaniu publikacji okreslam jako 5%.

Jednoczednie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Marka Matysza.




Klaudia Kutfak Warszawa, 30.11.2020r.

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspdtautor pracy:

Malysz M, Dabrowski M, Bottiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M,
Filipiak KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with
suspected/confirmed COVID-19 when wearing personal protective equipment: A
randomized multicenter crossover simulation trial. Cardiol J. 2020; 27(5):497-506. doi:

10.5603/CJ.a2020.0068.

oswiadczam, iz moj wiasny wkitad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badann oraz przedstawienie pracy w formie publikacji stanowi:
wspotudziat w zbieraniu danych oraz przygotowaniu manuskryptu. M6j udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy

doktorskiej Marka Matysza.

Ulal

(podpis oswiadczajacego)

it

Klaudia Kuta




Agnieszka Szarpak Lublin, 30.11.2020r.

(imig i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Malysz M, Dabrowski M, Bottiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M,
Filipiak KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with
suspected/confirmed COVID-19 when wearing personal protective equipment: A

randomized multicenter crossover simulation trial. Cardiol J. 2020; 27(5):497-506. doi:
10.5603/CJ.a2020.0068.

oswiadczam, iz méj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspotudziat w analizie statystycznej oraz przygotowaniu manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Marka Matysza.

ﬁfﬂ—n’%zk#ﬂ/}&m}_

Agnieszka Szarpak
(podpis oéwiadczajacego)



Prof. Mitosz Jarostaw Jaguszewski Gdansk, 30.11.2020r.

(imig i nazwisko) (mieiscowoid, data)

OSWIADCZENIE

Jako wspétautor pracy:

Malysz M, Dabrowski M, Béttiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M, Filipiak
KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with suspected/confirmed
COVID-19 when wearing personal protective equipment: A randomized multicenter

crossover simulation trial. Cardiol J. 2020; 27(5):497-506. doi: 10.5603/CJ.a2020.0068.

o$wiadczam, iz méj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat w
weryfikacji statystycznej oraz przygotowaniu manuskryptu. Méj udziat procentowy w
przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czeéci rozprawy

doktorskiej Marka Matysza.

2

e r’é‘{uut/{\)
1

Prof. dr hab. n. med. Milosz Jaroslaw Jaguszewski

(podpis oéwiadczajycego)



Prof. Krzysztof Jerzy Filipiak Warszawa 30.11.2020r.

(imig | narwisko) (miejscowodd, data)

OSWIADCZENIE

Jako wspélautor pracy:

Malysz M, Dabrowski M, Béttiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M,
Filipiak KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with
suspected/confirmed COVID-19 when wearing personal protective equipment: A

randomized multicenter crossover simulation trial, Cardiol J. 2020; 27(5):497-506. doi:
10.5603/CJ.a2020.0068,

oswiadczam, iz mé] wiasny wklad merytoryczny w przygotowanle, przeprowadzenie

i opracowanle bada’n oraz przedstawienle pracy w formie publikacji stanowi:

wspoludziat w weryfikacji statystyczne] oraz przygotowaniu manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreélam jako 5%.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy

Prof. dr hab. n.
doktorskiej Marka Matysza, KRZYSZTOF ., FlLIPIAK
spacjahisty chordity wiwiigte 2y b
specjulista tuportizmoloy
famkolog Winiezny
KAR D | O LO G

Prof. dr hab. n. med. Krzysztof Jerzy Fi
(podpis ofwiadczajacego)



Prof. Jerzy Robert tadny Biatystok, 30.11.2020r.

(imig i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspdtautor pracy:

Malysz M, Dabrowski M, Bbttiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M,
Filipiak KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with
suspected/confirmed COVID-19 when wearing personal protective equipment: A

randomized multicenter crossover simulation trial. Cardiol J. 2020; 27(5):497-506. doi:
10.5603/CJ.a2020.0068.

os$wiadczam, iz moj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspotudziat w oparcowaniu koncepcji badania oraz przygotowaniu manuskryptu. Mgj
udziat procentowy w przygotowaniu publikacji okreélam jako 5%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Marka Matysza.

prof i hab. n. med. Jerzy Robert Eadny

KONSULTANT KRAJOWY
ds. MEDYCYNY RATUNKOWEJ

Prof. dr hab. n. med. Jerzy Robert tadny

(podpis oswiadczajgcego)



Prof. Kurt Ruetzler Cleveland , 30 Nov 2020

(imig i nazwisko) (city, date)

OSWIADCZENIE

As a co-author of manuscript:

Malysz M, Dabrowski M, Béttiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M,
Filipiak KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with
suspected/confirmed COVID-19 when wearing personal protective equipment: A

randomized multicenter crossover simulation trial. Cardiol J. 2020; 27(5):497-506. doi:
10.5603/CJ.a2020.0068.

| declare that my own substantive contribution to the preparation, conduct, and develop
research and presentation of work in the form of publication is: drafting the manuscript
for important intellectual content.

My percentage in the preparation of publication refer to as the 5%.
| also agree to use this manuscript as a part of a doctoral dissertation of Marek Malysz.

Prof. Kurt Ruetzler

(signature)



Dr hab. n. med. tukasz Szarpak Warszawa, 30.11.2020r.

(imie | nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspdtautor pracy:

Malysz M, Dabrowski M, Bottiger BW, Smereka J, Kulak K, Szarpak A, Jaguszewski M,
Filipiak KJ, Ladny JR, Ruetzler K, Szarpak L. Resuscitation of the patient with
suspected/confirmed COVID-19 when wearing personal protective equipment: A
randomized multicenter crossover simulation trial. Cardiol J. 2020; 27(5):497-506. doi:

10.5603/CJ.a2020.0068.

oswiadczam, iz moj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspotudziat w opracowaniu koncepcji badania, zbieraniu wynikéw oraz przygotowaniu
manuskryptu. Mo6j udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czeéci rozprawy

§Z Mﬂw«é

ab n. med. tukasz Szarpaj,Prof. UM MSC

doktorskiej Marka Matysza.

(podpis oswiadggéjacego)



Dr hab. n. med. Jacek Smereka, Prof. UMW Wroctaw, 30.11.2020r.

(imig i nazwisko) (mlejscowoéc, data)

OSWIADCZENIE

Jako wspétautor pracy:

Matysz M, Smereka J, Jaguszewski M, Dabrowski M, Nadolny K, Ruetzler K, tadny JR, Sterlifiski
M, Filipiak KJ, Szarpak t. An optimal chest compression technique using personal protective
equipment during resuscitation in the COVID-19 pandemic: a randomized crossover

simulation study. Kardiol Pol. 2020 Oct 12. doi: 10.33963/KP.15643.

o$wiadczam, iz moj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: wspoétudziat
analizie literatury oraz przygotowaniu manuskryptu. Méj udziat procentowy w przygotowaniu
publikacji okreslam jako 5%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czeéci rozprawy
doktorskiej Marka Matysza.

‘M“/”\

Dr babrn. med. Jacek Smereka, Prof, UMW

(podpis oéwiadczajacego)



Prof. Mitosz Jarostaw Jaguszewski Gdansk, 30.11.2020r.

{imig | naxwisko) | migjscowods, data)

OSWIADCZENIE

Jako wspdtautor pracy:

Matysz M, Smereka J, Jaguszewski M, Dabrowski M, Nadolny K, Ruetzler K, tadny JR,
Sterlinski M, Filipiak KJ, Szarpak t. An optimal chest compression technique using personal
protective equipment during resuscitation in the COVID-19 pandemic: a randomized
crossover simulation study. Kardiol Pol. 2020 Oct 12, doi:

10.33963/KP.15643.

o$wiadczam, iz méj wtasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat w
analizie bibliografii oraz przygotowaniu manuskryptu. Méj udziat procentowy w
przygotowaniu publikacji okreslam jako 5%.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy

doktorskiej Marka Matysza.

i, Qo

Prof. dr hab, n. med. Miosz Jarostaw Jagusrewski
(podpls cswiadcrajacego)




Dr n. o zdr. Marek Dgbrowski Poznan, 30.11.2020r.

(imie | nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Matysz M, Smereka J, Jaguszewski M, Dabrowski M, Nadolny K, Ruetzler K, tadny JR,
Sterlifiski M, Filipiak KJ, Szarpak t. An optimal chest compression technique using
personal protective equipment during resuscitation in the COVID-19 pandemic: a
randomized crossover simulation study. Kardiol Pol. 2020 Oct 12. doi:
10.33963/KP.15643.

oswiadczam, iz méj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat
w zbieraniu materiatu oraz przygotowaniu manuskryptu. Méj udziat procentowy w
przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czeéci rozprawy

doktorskiej Marka Mafysza.
/%ﬂ//

/ Dr n. o 2dr. Marek Dgbrowski
(podpis ofwiadczajacego)




Dr n. o zdr. Klaudiusz Nadolny Katowice, 30.11.2020r.

(imig i nazwisko) (miejscowoéc, data)

OSWIADCZENIE

Jako wspétautor pracy:

Matysz M, Smereka J, Jaguszewski M, Dabrowski M, Nadolny K, Ruetzler K, tadny JR, Sterliriski
M, Filipiak KJ, Szarpak t. An optimal chest compression technique using personal protective
equipment during resuscitation in the COVID-19 pandemic: a randomized crossover

simulation study. Kardiol Pol. 2020 Oct 12. doi: 10.33963/KP.15643.

oswiadczam, iz moj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat w
zbieraniu materiatu oraz przygotowaniu manuskryptu. Moj udziat procentowy w
przygotowaniu publikacji okreslam jako 5%.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy

doktorskiej Marka Matysza.

Dr n. o 29r. Klaudiusz Nadolny
(podpi\ owiadczajacego)



Prof. Kurt Ruetzler Cleveland , 30 Nov 2020

(imie | nazwisko) (city, date)

OSWIADCZENIE

As a co-author of manuscript:

Matysz M, Smereka J, Jaguszewski M, Dabrowski M, Nadolny K, Ruetzler K, tadny JR,
Sterliiski M, Filipiak KJ, Szarpak t. An optimal chest compression technique using
personal protective equipment during resuscitation in the COVID-19 pandemic: a

randomized crossover simulation study. Kardiol Pol. 2020 Oct 12. doi:
10.33963/KP.15643.

| declare that my own substantive contribution to the preparation, conduct, and develop
research and presentation of work in the form of publication is: drafting the manuscript

for important intellectual content.

My percentage in the preparation of publication refer to as the 5%.
I also agree to use this manuscript as a part of a doctoral dissertation of Marek Malysz.

Prof. Kurt Ruetzler
(signature)



Prof. Jerzy Robert tadny Biatystok, 30.11.2020r.

(imie | nazwisko) (miejscowo$d, data)

OSWIADCZENIE

Jako wspétautor pracy:

Matysz M, Smereka J, Jaguszewski M, Dabrowski M, Nadolny K, Ruetzler K, tadny JR,
Sterlinski M, Filipiak KJ, Szarpak t. An optimal chest compression technique using
personal protective equipment during resuscitation in the COVID-19 pandemic: a
randomized crossover simulation study. Kardiol Pol. 2020 Oct 12.
doi: 10.33963/KP.15643.

oswiadczam, iz mdj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badari oraz przedstawienie pracy w formie publikacji stanowi:
wspotudziat w analizie bibliografii oraz przygotowaniu manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy

doktorskiej Marka Matysza.

pro.drhab.n, med. Jorzy Robert tadny

KONSULTANT KRAJOWY
3. MERYCYNY. RATUNKOWE......

Prof. dr hab, n. med. Jerzy Robert tadny
(podpis oswiadczajacego)



Prof. dr hab. n. med. Maciej Sterlifiski Warszawa, 30.11.2020r.

(imie i nazwiske) (miejscowosé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Matysz M, Smereka J, Jaguszewski M, Dabrowski M, Nadolny K, Ruetzler K, tadny JR,
Sterlinski M, Filipiak KJ, Szarpak . An optimal chest compression technique using
personal protective equipment during resuscitation in the COVID-19 pandemic: a
randomized  crossover simulation study. Kardiol Pol. 2020 Oct 12.
doi: 10.33963/KP.15643.

oswiadczam, iz mé6j wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badah oraz przedstawienie pracy w formie publikacji stanowi:
wspéludziat w analizie bibliografii oraz przygotowaniu/wspétredagowaniu
manuskryptu. Méj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy

doktorskiej Marka Matysza.

prof. dr hab. n. med. Madej Sterliriski
(podpis oswiadczajgcego)




Prof. Krzysztof Jerzy Filipiak Warszawa, 30.11.2020r.

(imig | narwisko) (miejscowoidd, data)

OSWIADCZENIE

Jako wspétautor pracy:

Matysz M, Smereka J, Jaguszewski M, Dabrowski M, Nadolny K, Ruetzler K, tadny JR,
Sterliiski M, Filipiak KJ, Szarpak t. An optimal chest compression technique using
personal protective equipment during resuscitation In the COVID-19 pandemic: a
randomized crossover simulation study. Kardiol Pol. 2020 Oct 12.
doi: 10.33963/KP.15643.

oswiadczam, iz méj whasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badari oraz przedstawienie pracy w formie publikacji stanowi:
wspbtudzial w analizie bibliografii oraz przygotowaniu manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczeénie wyrazam zgodg na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Marka Matysza.

KRZYSZTOF J FILIPIAK
lpec;ulr.xil |“| I'I; " r-‘ »l; w‘- “whglznych
IS QLB AIE
'''''' 2 E?lcml GRR:“;& .ntiblhm)g" i
-Brof. amaei%gemy Fillplak
(podpis oéwiadczajqcego)



Dr hab. n. med. tukasz Szarpak, Prof. UM MSC Warszawa, 30.11.2020r.

(imig | nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Matysz M, Smereka J, Jaguszewski M, Dabrowski M, Nadolny K, Ruetzler K, tadny JR, Sterlinski
M, Filipiak KJ, Szarpak t. An optimal chest compression technique using personal protective
equipment during resuscitation in the COVID-19 pandemic: a randomized crossover

simulation study. Kardiol Pol. 2020 Oct 12. doi: 10.33963/KP.15643.

oswiadczam, iz moj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat
analizie literatury, analizie statystycznej oraz przygotowaniu manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 10%.

Jednoczednie wyrazam zgodg na wykorzystanie w/w pracy jako czeéci rozprawy

doktorskiej Marka Matysza.
i& u»—-—pgz/Q

ab. n. med. tukasz Szarpak, Prof. UM MSC
(podpis oswiplczajacego)




Prof. Mitosz Jarostaw Jaguszewski Gdanisk, 30.11.2020r.

(imig | nazwisko) (miejscowods, data)

OSWIADCZENIE

Jako wspétautor pracy:

Malysz M, Jaguszewski MJ, Szarpak L, Telecka-Gadek D, Bielski K, Dabrowska A, Smereka J,
Filipiak FK. Comparison of different chest compression positions for use while wearing CBRN-
PPE: a randomized crossover simulation trial. Disaster Emerg Med J. 2020; 5(3):127-133. doi:
10.5603/DEMJ.a2020.0034,

os$wiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat w
poszukiwaniu pismiennictwa, analizie statystycznej o przygotowaniu manuskryptu. Mgj
udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy

doktorskiej Marka Matysza.

Ny & ('7_
Thlew  Jlreusl§

Prof. dr hab. n. med. Milos2 Jarostaw Jaguszewski

(podpis oéwiadczajqeego)




Dr hab. n. med. tukasz Szarpak Warszawa, 30.11.2020r.

(imie i nazwisko) (miejscowosc, data)

OSWIADCZENIE

Jako wspoétautor pracy:

Malysz M, Jaguszewski MJ, Szarpak L, Telecka-Gadek D, Bielski K, Dabrowska A, Smereka
J, Filipiak FK. Comparison of different chest compression positions for use while wearing
CBRN-PPE: a randomized crossover simulation trial. Disaster Emerg Med J. 2020;

5(3):127-133. doi: 10.5603/DEM).a2020.0034.

os$wiadczam, iz m6j wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat
analizie literatury, zbieraniu literatury, analizie statystycznej oraz przygotowaniu
manuskryptu. Mdj udziat procentowy w przygotowaniu publikacji okre$lam jako 10%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy

/ Dr hab. n. med.p:t%zarpak, Prof. UM MSC
{ is oéwiadczajacego)

doktorskiej Marka Matysza.




Dominika Telecka-Gadek Warszawa, 30.11.2020r.

(imie i nazwisko) (miejscowoéé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Malysz M, Jaguszewski MJ, Szarpak L, Telecka-Gadek D, Bielski K, Dabrowska A, Smereka
J, Filipiak FK. Comparison of different chest compression positions for use while wearing
CBRN-PPE: a randomized crossover simulation trial. Disaster Emerg Med J. 2020;
5(3):127-133. doi: 10.5603/DEM)J.a2020.0034.

oswiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat
w zbieraniu danych, przygotowaniu ilustracji o przygotowaniu manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Marka Matysza.

/? fedoho -Godek

Dominika Telecka-Gadek
(podpis o$wiadczajacego)



Dr n. o zdr. Karol Bielski Warszawa, 30.11.2020r.

(imig i nazwisko) (miejscowos¢, data)

OSWIADCZENIE

Jako wspoétautor pracy:

Malysz M, Jaguszewski M), Szarpak L, Telecka-Gadek D, Bielski K, Dabrowska A, Smereka
J, Filipiak FK. Comparison of different chest compression positions for use while wearing
CBRN-PPE: a randomized crossover simulation trial. Disaster Emerg Med J. 2020;
5(3):127-133. doi: 10.5603/DEMJ.a2020.0034.

oswiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat
weryfikacji danych oraz przygotowaniu manuskryptu. M¢j udziat procentowy w
przygotowaniu publikacji okreslam jako 5%.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Marka Matysza.

Dr n. o zdr. Karol Bielski

(podpis oéwiadczajgcego)



Agata Dabrowska Poznan, 30.11.2020r.

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Malysz M, Jaguszewski M), Szarpak L, Telecka-Gadek D, Bielski K, Dabrowska A, Smereka
J, Filipiak FK. Comparison of different chest compression positions for use while wearing
CBRN-PPE: a randomized crossover simulation trial. Disaster Emerg Med J. 2020;
5(3):127-133. doi: 10.5603/DEMJ.a2020.0034.

osSwiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: wspéfudziat
zbieraniu danych, analizie literatury oraz przygotowaniu manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Marka Matysza.

v

Yy 4 it
i S
(podpis oéwiadczajacego)



Dr hab. n. med. Jacek Smereka, Prof UMW Wroctaw, 30.11.2020r.

(imig | nazwisko) (miejscowoit, data)

OSWIADCZENIE

Jako wspétautor pracy:

Malysz M, Jaguszewski MJ, Szarpak L, Telecka-Gadek D, Bielski K, Dabrowska A, Smereka J,
Filipiak FK. Comparison of different chest compression positions for use while wearing CBRN-

PPE: a randomized crossover simulation trial. Disaster Emerg Med J. 2020; 5(3):127-133. doi:
10.5603/DEMJ.a2020.0034.

oSwiadczam, iz m6j whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: wspétudziat
zbieraniu danych, analizie literatury oraz przygotowaniu manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczednie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Marka Matysza.

émb/kq

Or hab/n. med. lacek Smereka, Prof. UMW

(podpls céwiadczajgeege)



Prof. Krzysztof Jerzy Filipiak Warszawa, 30.11.2020r.

(imig | nazwisko) {miejscowast, data)

OSWIADCZENIE

Jako wspétautor pracy:

Malysz M, Jaguszewski MJ, Szarpak L, Telecka-Gadek D, Bielski K, Dabrowska A, Smereka
J, Filipiak FK. Comparison of different chest compression positions for use while wearing
CBRN-PPE: 2 randomized crossover simulation trial. Disaster Emerg Med J. 2020;
5(3):127-133. doi: 10.5603/DEM..a2020.0034.

oswiadczam, iz méj whasny wktad merytoryczny w przygotowanie, przeprowadzenie
I opracowanie badari oraz przedstawienie pracy w formie publikacji stanowi:
wspotudziat analizie literatury, weryfikacji analizy statystycznej oraz przygotowaniu
manuskryptu. Méj udziat procentowy w przygotowaniu publikacji okre$lam jako 5%.
Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czeéci rozprawy

doktorskiej Marka Malysza. Prof. dr hab. n. med

F J. FILIPIAK
ch}aRZYiiﬁETd\moah wawnp\lznych
specialista hiportensjolog
farmakolog kliniczny

96
Prof. dr hab, n. mgz‘lx‘r;,vsnd Jerzy Filiplak

(podpis ofwladczajqcego)




6. SPIS RYCIN

Rycina 1.
Rycina 2.
Rycina 3.
Rycina 4.
Rycina 5.
Rycina 6.
Rycina 7.
Rycina 8.

Technika kompresji klatki piersiowej z boku pacjenta.......cccccveeeiiviiiiieiiinnnnen. 16
Technika kompresji klatki piersiowej zza gtowy pacjenta...........ccoceennrriiiinnennn. 17
Urzadzenie@ TrUBCPR . ..uu ettt e e e e e e e e e e e e e e eee e e e e e e e e e e s 18
Urzadzenie CPRIMIEEEI2 ......uviiie ittt et s e e s e aaaa e e e e e e e 19
Parametry kompres;ji klatki piersiowej wyswietlane przez CPRMeter................ 19
System mechanicznej kompresji klatki piersiowej LUCAS3 ........ccocoeevrrrrrvveennnn. 20
Panel kontrolny systemu kompresji klatki piersiowej LUCAS3.. ........ccccvvveeerennns 21
Przezywalnos¢ do wypisu ze szpitala w okresie pandemii COVID-19 oraz przed

[oF: [ 0T L= o Y- 1SR 22

105



7. PISMIENNICTWO

1. Krogh KB, Hgyer CB, Ostergaard D, Eika B. Time matters--realism in resuscitation
training. Resuscitation. 2014; 85(8):1093-8. doi:
10.1016/j.resuscitation.2014.05.008.

2. Bhanji F, Donoghue AJ, Wolff MS, i wsp. Part 14: Education: 2015 American Heart
Association Guidelines Update for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation. 2015; 132(18 Suppl 2):S561-73. doi:
10.1161/CIR.0000000000000268.

3. J.J de Vreede-Swagemakers, A.P Gorgels, W.l Dubois-Arbouw, J.W van Ree, et al.
Out-of-hospital cardiac arrest in the 1990s: a population-based study in the
Maastricht area on incidence, characteristics and survival

4. C Wren, J.J O'Sullivan, C Wright. Sudden death in children and adolescents. Heart.
2000; 83 (4):410-413

5. Pleskot M. Nahla srdecni smrt. In: Vojacek J., Kettner J. Klinicka kardiologie. Hradec
Kralove: Nucleus HK; 2012. 880-902.

6. Grasner JT, Herlitz J, Koster RW, Rosell-Ortiz F, Stamakis L, Bossaert L. Quality
management in resuscitation—towards a European cardiac arrest registry (EuReCa).
Resuscitation 2011; 82(8):989-94. doi: 10.1016/j.resuscitation.2011.02.047

7. Berdowski J, Berg RA, Tijssen JG, Koster RW. Global incidences of out-of-hospital
cardiac arrest and survival rates: systematic review of 67 prospective studies.
Resuscitation 2010; 81(11):1479-87. doi: 10.1016/j.resuscitation.2010.08.006

8. Tunstall-Pedoe H, Bailey L, Cham- berlain DA, Marsden AK, Ward ME, Zideman DA.
Survey of 3765 cardiopulmonary resuscitations in British hospitals (the BRESUS
Study): methods and overall results. BMJ. 1992; 304:1347-1351

9. Peberdy MA, Kaye W, Ornato JP, Larkin GL, Nadkarni V, Mancini ME, Berg RA, Nichol
G, Lane-Trultt T/ Cardiopulmonary resuscitation of adults in the hospital: a report
of 14720 cardiac arrests from the National Registry of Cardiopulmonary Resusci-

tation. Resuscitation. 2003; 58:297-308

106



10.

11.

12.

13.

14.

15.

16.

17

18.

19.

Tomlinson AE, Nysaether J, Kramer-Johansen J, Steen PA, Dorph E. Compression
force-depth relationship during out-of-hospital cardiopulmonary resuscitation.
Resuscitation. 2007; 72(3):364-70. doi: 10.1016/j.resuscitation.2006.07.017.

Stiell IG, Brown SP, Christenson J, i wsp. What is the role of chest compression depth
during out-of-hospital cardiac arrest resuscitation? Crit Care Med. 2012;
40(4):1192-8. doi: 10.1097/CCM.0b013e31823bc8bb.

Vadeboncoeur T, Stolz U, Panchal A, et al. Chest compression depth and survival in
out-of-hospital cardiac arrest. Resuscitation. 2014; 85(2):182-8. doi:
10.1016/j.resuscitation.2013.10.002.

Lee SH, Kim K, Lee JH, i wsp. Does the quality of chest compressions deteriorate
when the chest compression rate is above 120/min? Emerg Med J. 2014; 31(8):645-
8. doi: 10.1136/emermed-2013-202682.

Field RA, Soar J, Davies RP, Akhtar N, Perkins GD. The impact of chest compression
rates on quality of chest compressions - a manikin study. Resuscitation. 2012;
83(3):360-4. doi: 10.1016/j.resuscitation.2011.07.012.

Duval S, Pepe PE, Aufderheide TP, i wsp. Optimal Combination of Compression Rate
and Depth During Cardiopulmonary Resuscitation for Functionally Favorable
Survival. JAMA Cardiol. 2019; 4(9):900-908. doi: 10.1001/jamacardio.2019.2717.
Sutton RM, Reeder RW, Landis W, et al. Chest compression rates and pediatric in-
hospital cardiac arrest survival outcomes. Resuscitation. 2018; 130:159-166. doi:

10.1016/j.resuscitation.2018.07.015.

. Considine J, Gazmuri RJ, Perkins GD, i wsp. Chest compression components (rate,

depth, chest wall recoil and leaning): A scoping review. Resuscitation. 2020;
146:188-202. doi: 10.1016/j.resuscitation.2019.08.042.

Smereka J, Szarpak L, Rodriguez-Nufiez A, Ladny JR, Leung S, Ruetzler K. A
randomized comparison of three chest compression technigques and associated
hemodynamic effect during infant CPR: A randomized manikin study. Am J Emerg
Med. 2017; 35(10):1420-1425. doi: 10.1016/j.ajem.2017.04.024.

Kaminska H, Wieczorek W, Matusik P, i wsp. Factors influencing high-quality chest
compressions during cardiopulmonary resuscitation scenario, according to 2015
American Heart Association Guidelines. Kardiol Pol. 2018; 76(3):642-647. doi:
10.5603/KP.a2018.0003.

107



20.

21.

22.

23.

24.

25.

26.

27.

Perkins GD, Handley AJ, Koster RW, i wsp. European Resuscitation Council
Guidelines for Resuscitation 2015: Section 3. Adult advanced life support.
Resuscitation. 2015 Oct;95:100-47. doi: 10.1016/j.resuscitation.2015.07.016.

Link MS, Berkow LC, Kudenchuk PJ, i wsp. Part 7: Adult Advanced Cardiovascular
Life Support: 2015 American Heart Association Guidelines Update for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation.
2015 Nov 3;132(18 Suppl 2):5444-64. doi: 10.1161/CIR.0000000000000261.
Cunningham LM, Mattu A, O'Connor RE, Brady WJ. Cardiopulmonary resuscitation
for cardiac arrest: the importance of uninterrupted chest compressions in cardiac
arrest resuscitation. Am J Emerg Med. 2012; 30(8):1630-8. doi:
10.1016/j.ajem.2012.02.015.

Ewy GA, Zuercher M, Hilwig RW, | wsp. Improved neurological outcome with
continuous chest compressions compared with 30:2 compressions-to-ventilations
cardiopulmonary resuscitation in a realistic swine model of out-of-hospital cardiac
arrest. Circulation. 2007; 116(22):2525-30. doi:
10.1161/CIRCULATIONAHA.107.711820.

Sanson G, Ristagno G, Caggegi GD, i wsp. Impact of 'synchronous' and
'asynchronous' CPR modality on quality bundles and outcome in out-of-hospital
cardiac arrest patients. Intern Emerg Med. 2019; 14(7):1129-1137. doi:
10.1007/s11739-019-02138-9.

Maisch S, Gamon E, llisch A, Goetz AE, Schmidt GN. Comparison of the over-the-
head, lateral and alternating positions during cardiopulmonary resuscitation
performed by a single rescuer with a bag--valve--mask device. Emerg Med J. 2011;
28(11):974-8. doi: 10.1136/emj.2010.098251.

Merchant RM, Topjian AA, Panchal AR. Part 1: Executive Summary: 2020 American
Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation. 2020; 142(16_suppl_2):5337-S357. doi:
10.1161/CIR.0000000000000918.

Majer J, Jaguszewski MJ, Frass M, i wsp. Does the use of cardiopulmonary
resuscitation feedback devices improve the quality of chest compressions
performed by doctors? A prospective, randomized, cross-over simulation study.

Cardiol J. 2019; 26(5):529-535. doi: 10.5603/CJ.a2018.0091.

108



28.

29.

30.

31.

32.

33.

34.

35.

36.

Smereka J, Szarpak L, Czekajlo M, i wsp. The TrueCPR device in the process of
teaching cardiopulmonary resuscitation: A randomized simulation trial. Medicine
(Baltimore). 2019; 98(27):e15995. doi: 10.1097/MD.0000000000015995.

Wik L., Thowsen J., Steen PA.: An automated voice advisory manikin system for
training in basic life support without an instructor. A novel approach to CPR training.
Resuscitation. 2001; 50: 167-172.

Magliocca A, Olivari D, De Giorgio D, | wsp. LUCAS Versus Manual Chest
Compression During Ambulance Transport: A Hemodynamic Study in a Porcine
Model of Cardiac Arrest. J Am Heart Assoc. 2019; 8(1):e011189. doi:
10.1161/JAHA.118.011189.

Putzer G, Braun P, Zimmermann A, | wsp. LUCAS compared to manual
cardiopulmonary resuscitation is more effective during helicopter rescue-a
prospective, randomized, cross-over manikin study. Am J Emerg Med. 2013;
31(2):384-9. doi: 10.1016/j.ajem.2012.07.018.

Ball J, Nehme Z, Bernard S, Stub D, Stephenson M, Smith K. Collateral damage:
Hidden impact of the COVID-19 pandemic on the out-of-hospital cardiac arrest
system-of-care. Resuscitation. 2020; 156:157-163. doi:
10.1016/j.resuscitation.2020.09.017.

Marijon E, Karam N, Jost D, i wsp. Out-of-hospital cardiac arrest during the COVID-
19 pandemic in Paris, France: a population-based, observational study. Lancet
Public Health. 2020; 5(8):e437-e443. doi: 10.1016/52468-2667(20)30117-1.

Ortiz FR, Fernandez Del Valle P, Knox EC, | wsp. Influence of the Covid-19 pandemic
on out-of-hospital cardiac arrest. A Spanish nationwide prospective cohort study.
Resuscitation. 2020; S0300-9572 (20) 30505-0. doi:
10.1016/j.resuscitation.2020.09.037.

Hons MR, Gale Hons CP, Curzen Hons N, | wsp. Impact of Coronavirus Disease 2019
Pandemic on the Incidence and Management of Out-of-Hospital Cardiac Arrest in
Patients Presenting With Acute Myocardial Infarction in England. ] Am Heart Assoc.
2020; 9(22):e018379. doi: 10.1161/JAHA.120.018379.

Semeraro F, Gamberini L, Tartaglione M, | wsp. Out-of-hospital cardiac arrest during
the COVID-19 era in Bologna: System response to preserve performances.

Resuscitation. 2020; 157:1-2. doi: 10.1016/j.resuscitation.2020.09.032.

109



37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Martin Rodriguez F, Fernandez Pérez C, Castro Villamor M, Martin Conty JL, Arnillas
Gdémez P, Casado Vicente V. Does level D personal protective equipment guard
against hazardous biologic agents during cardiopulmonary resuscitation?
Emergencias. 2018; 30(2):119-122.

Chen J, Lu KZ, Yi B, Chen Y. Chest Compression With Personal Protective Equipment
During Cardiopulmonary Resuscitation: A Randomized Crossover Simulation Study.
Medicine (Baltimore). 2016; 95(14):e3262. doi: 10.1097/MD.0000000000003262.
Ciceri F, Beretta L, Scandroglio AM, | wsp. Microvascular COVID-19 lung vessels
obstructive thromboinflammatory syndrome (MicroCLOTS): an atypical acute
respiratory distress syndrome working hypothesis. Crit Care Resusc. 2020; 22(2):95-
97.

Renzi S, Landoni G, Zangrillo A, Ciceri F. MicroCLOTS pathophysiology in COVID 19.
Korean J Intern Med. 2020 Sep 9. doi: 10.3904/kjim.2020.336.

Ludwin K, Szarpak L, Ruetzler K, i wsp. Cardiopulmonary Resuscitation in the Prone
Position: A Good Option for Patients With COVID-19. Anesth Analg. 2020;
131(3):e172-e173. doi: 10.1213/ANE.0000000000005049.

Wei J, Tung D, Sue SH, Wu SV, Chuang YC, Chang CY. Cardiopulmonary resuscitation
in prone position: a simplified method for outpatients. J Chin Med Assoc.
2006;69:202-206.

Mazer SP, Weisfeldt M, Bai D, et al. Reverse CPR: a pilot study of CPR in the prone
position. Resuscitation. 2003; 57:279-285.

Malysz M, Dabrowski M, Bottiger BW, i wsp. Resuscitation of the patient with
suspected/confirmed COVID-19 when wearing personal protective equipment: A
randomized multicenter crossover simulation trial. Cardiol J. 2020;27(5):497-506.
doi: 10.5603/CJ.a2020.0068.

Matysz M, Smereka J, Jaguszewski M, i wsp. An optimal chest compression
technique using personal protective equipment during resuscitation in the COVID-
19 pandemic: a randomized crossover simulation study. Kardiol Pol. 2020 Oct 12.
doi: 10.33963/KP.15643.

Malysz M, Jaguszewski MJ, Szarpak L, i wsp. Comparison of different chest

compression positions for use while wearing CBRN-PPE: a randomized crossover

110



47.

48.

49.

50.

51.

52.

53.

54,

55.

simulation  trial. Disaster Emerg Med J 2020;5(3):127-133. doi:
10.5603/DEMJ.a2020.0034.

Dzieciatkowski T, Szarpak L, Filipiak KJ, Jaguszewski M, Ladny JR, Smereka J. COVID-
19 challenge for modern medicine. Cardiol J. 2020;27(2):175-183. doi:
10.5603/CJ.a2020.0055.

Brown E, Chan LM. Should chest compressions be considered an aerosol-generating
procedure? A literature review in response to recent guidelines on personal
protective equipment for patients with suspected COVID-19. Clin Med (Lond). 2020
Sep;20(5):e154-e159. doi: 10.7861/clinmed.2020-0258.

Castle N, Pillay Y, Spencer N. Comparison of six different intubation aids for use
while wearing CBRN-PPE: a manikin study. Resuscitation. 2011 Dec;82(12):1548-52.
doi: 10.1016/j.resuscitation.2011.06.020.

Castle N, Owen R, Clarke S, Hann M, Reeves D, Gurney |. Does position of the patient
adversely affect successful intubation whilst wearing CBRN-PPE? Resuscitation.
2010 Sep;81(9):1166-71. doi: 10.1016/j.resuscitation.2010.05.009.

Szarpak L, Truszewski Z, Smereka J, Madziata M, Czyzewski L. Comparison of two
intravascular access techniques when using CBRN-PPE: A randomized crossover
manikin  tria. Am J Emerg Med. 2016 Jun;34(6):1170-2. doi:
10.1016/j.ajem.2016.03.046.

Smereka J, Szarpak L, Filipiak KJ, Jaguszewski M, Ladny JR. Which intravascular
access should we use in patients with suspected/confirmed COVID-19?
Resuscitation. 2020 Jun;151:8-9. doi: 10.1016/j.resuscitation.2020.04.014

Szarpak L, Truszewski Z, Gatgzkowski R, Czyzewski L. Comparison of two chest
compression techniques when using CBRN-PPE: a randomized crossover manikin
trial. Am J Emerg Med. 2016 May;34(5):913-5. doi: 10.1016/j.ajem.2016.02.029.
Claret PG, Asencio R, Rogier D, et al. Comparison of Miller and Airtraq laryngoscopes
for orotracheal intubation by physicians wearing CBRN protective equipment
during infant resuscitation: a randomized crossover simulation study. Scand J
Trauma Resusc Emerg Med. 2016; 24:35. doi: 10.1186/s13049-016-0228-1.
Bottiger BW, Semeraro F, Wingen S. "Kids Save Lives": Educating Schoolchildren in

Cardiopulmonary Resuscitation Is a Civic Duty That Needs Support for

111



56.

57.

58.

59.

60.

61.

62.

63.

64.

Implementation. J Am  Heart Assoc. 2017; 6(3):e005738. doi:
10.1161/JAHA.117.005738.

Semeraro F, Wingen S, Schroeder DC, i wsp. KIDS SAVE LIVES-Three years of
implementation in  Europe. Resuscitation. 2018; 131:e9-ell. doi:
10.1016/j.resuscitation.2018.08.008.

Putzer G, Fiala A, Braun P, i wsp. Manual versus Mechanical Chest Compressions on
Surfaces of Varying Softness with or without Backboards: A Randomized, Crossover
Manikin ~ Study. J Emerg Med. 2016; 50(4):594-600.e1. doi:
10.1016/j.jemermed.2015.10.002.

Smereka J, Iskrzycki £, Makomaska-Szaroszyk E, i wsp. The effect of chest
compression frequency on the quality of resuscitation by lifeguards. A prospective
randomized crossover multicenter simulation trial. Cardiol J. 2019;26(6):769-776.
doi: 10.5603/CJ.a2018.0121.

Liu S, Vaillancourt C, Kasaboski A, Taljaard M. Bystander fatigue and CPR quality by
older bystanders: a randomized crossover trial comparing continuous chest
compressions and 30:2 compressions to ventilations. CJEM. 2016 Nov;18(6):461-
468. doi: 10.1017/cem.2016.373.

Cwiertnia M, Kawecki M, llczak T, i wsp. Comparison of standard and over-the-head
method of chest compressions during cardiopulmonary resuscitation - a simulation
study. BMC Emerg Med. 2019 Nov 26;19(1):73. doi: 10.1186/s12873-019-0292-8.
Nasiri E, Nasiri R. A comparison between over-the-head and lateral
cardiopulmonary resuscitation with a single rescuer by bag-valve mask. Saudi J
Anaesth. 2014 Jan;8(1):30-7. doi: 10.4103/1658-354X.125923.

Konski R, Cieciel M, Madziala M, Madziala A. Impact of a CPRMeter feedback device
on chest compression quality performer by nurses: A randomized crossover study.
Am J Emerg Med. 2018 Dec;36(12):2321-2322. doi: 10.1016/j.ajem.2018.04.022.
Katipoglu B, Madziala MA, Evrin T, i wsp. How should we teach cardiopulmonary
resuscitation? Randomized multi-center study. Cardiol J. 2019 Sep 30. doi:
10.5603/CJ.a2019.0092.

Fox J, Fiechter R, Gerstl P, i wsp. Mechanical versus manual chest compression CPR
under ground ambulance transport conditions. Acute Card Care. 2013; 15(1):1-6.

doi: 10.3109/17482941.2012.735675.

112



65.

66.

67.

68.

Khan SU, Lone AN, Talluri S, Khan MZ, Khan MU, Kaluski E. Efficacy and safety of
mechanical versus manual compression in cardiac arrest - A Bayesian network
meta-analysis. Resuscitation. 2018; 130:182-188. doi:
10.1016/j.resuscitation.2018.05.005.

Gao C, Chen Y, Peng H, Chen Y, Zhuang Y, Zhou S. Clinical evaluation of the
AutoPulse automated chest compression device for out-of-hospital cardiac arrest
in the northern district of Shanghai, China. Arch Med Sci. 2016; 12(3):563-70. doi:
10.5114/aoms.2016.59930.

Bonnes JL, Brouwer MA, Navarese EP, i wsp. Manual Cardiopulmonary
Resuscitation Versus CPR Including a Mechanical Chest Compression Device in Out-
of-Hospital Cardiac Arrest: A Comprehensive Meta-analysis From Randomized and
Observational Studies. Ann Emerg Med. 2016; 67(3): 349-360.e3. doi:
10.1016/j.annemergmed.2015.09.023.

Koster RW, Beenen LF, van der Boom EB, | wsp. Safety of mechanical chest
compression devices AutoPulse and LUCAS in cardiac arrest: a randomized clinical
trial for non-inferiority. Eur Heart J. 2017, 38(40):3006-3013. doi:
10.1093/eurheartj/ehx318.

113



