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WYKAZ STOSOWANYCH SKROTOW

AHA Amerykanskie Towarzystwo Kardiologiczne (ang. American Heart
Association)
CBRN chemiczne, biologiczne, radiologiczne, jadrowe (ang. Chemical, Bilogical,

Radiological, Nuclear)

Cl Przedziat ufnosci (ang. Confidence interval)

ERC Europejska Rada Resuscytacji (ang. European Resuscitation Council)

10 Dostep doszpikowy (ang. Intraosseous)

\} Dostep dozylny (ang. Intravenous)

OR lloraz szans (ang. Odds ratio)

PALS Zaawansowane zabiegi resuscytacje u dzieci (ang. Pediatric advanced life
support)

PPE Kombinezony ochronne (ang. Personal protective equipment)



Streszczenie w jezyku polskim

Wstep

Umiejetnos¢ uzyskiwania dostepu naczyniowego w medycynie ratunkowej stanowi jedng
z kluczowych obligatoryjnych kompetencji personelu medycznego. W stanach nagtych
takich jak zatrzymanie krazenia lub we wstrzgsie, fozysko naczyniowe jest zapadniete, co
wigze sie z trudnym lub nawet niemozliwym uzyskaniem dostepu dozylnego. Wéwczas
alternatywe stanowig dostepy doszpikowe, ktére zapewniajg poréwnywalng skutecznosé
w zakresie podazy ptynéw oraz prowadzonej farmakoterapii u pacjentéw w stanach
zagrozenia zycia. W dobie pandemii COVID-19, kiedy to personel medyczny, a zwtfaszcza
personel wyjazdowych zespotéw ratownictwa medycznego powinien traktowac kazdego
pacjenta jako potencjalnie zakazonego wirusem SARS-CoV-2 i wykonywac procedury
medyczne w srodkach ochrony indywidualnej. Badania dotyczgce intubacji dotchawicze;j,
jakos¢ prowadzonej resuscytacji krgzeniowo — oddechowej czy tez uzyskiwania dostepow
dozylnych pokazujg, ze wykonywanie procedur w srodkach ochrony indywidualnej moze
zmniejsza¢ skuteczno$¢ wykonywanych procedur. W zwigzku z powyzszym nalezy
poszukiwaé alternatywnych metod uzyskiwania dostepdw naczyniowych, ktére mimo
stosowania w srodkéw ochrony indywidualnej cechowac sie bedg wyzszg skutecznoscia

niz dostepy dozylne.

Cel pracy

Wspdlnym celem artykutéw wchodzgcych w sktad spdjnego tematycznie cyklu publikacji
byto porédwnanie rézinych technik uzyskiwania dostepéw doszpikowych w warunkach
medycyny ratunkowej zarowno w aspekcie pacjentéw pediatrycznych jak i osdb

dorostych.

Materiat i Metoda

Pierwsze badanie byto pracg poglagdowg, stanowigcg wprowadzenie do cyklu prac
dotyczacych stosowania wktu¢ doszpikowych. Celem pracy byto przyblizenie czytelnikowi
wskazan, przeciwskazan oraz potencjalnych powikfan wktué doszpikowych — zastosowania

wktu¢ doszpikowych u oséb dorostych jak i pacjentéow pediatrycznych.

10



Badanie drugie byto prospektywnym, randomizowanym, przekrojowym badaniem
symulacyjnym, w ktérym poréwnano umiejetnos¢ uzyskiwania dostepédw doszpikowych
(w tym NIO-P, EZ-10, oraz igty Jamshidi) z umiejetnoscig uzyskiwania dostepéw dozylnych
wykonywanym za pomoca standardowej kaniuli dozylnej. Do badania witgczono 65
pielegniarek, ktére wykonywaty dostep donaczyniowy u symulowanego pacjenta
pediatrycznego chorego na COVID-19. W zwigzku z powyzszym wszelkie procedury byty
wykonywane przez uczestnikédw badania ubranych w $rodki ochrony indywidualnej.
Analizie poddano takie parametry jak: skuteczno$é uzyskania dostepu naczyniowego, czas
trwania procedury oraz tatwosé¢ jej wykonania. Dodatkowo oceniano subiektywne
preferencje pielegniarek dotyczace optymalnej metody uzyskiwania dostepu
naczyniowego u pacjenta pediatrycznego z COVID-19.

Badanie trzecie réwniez zostato zaprojektowane jako prospektywne, randomizowane,
obserwacyjne przekrojowe badanie symulacyjne. Uzyskiwanie dostepdw naczyniowych
miato miejsce podczas symulowanej resuscytacji krgzeniowo — oddechowej u osoby
dorostej. 40 ratownikdw medycznych wykonywato wkiucia doszpikowe stosujac
odpowiednio wktucie B.I.G oraz NIO. Zaréwno kolejnos¢ uczestnikow jak i metod
uzyskania dostepu doszpikowego byly losowe. Ocenie poddano parametry czasowe
zwigzane z wprowadzeniem igty do jamy doszpikowej, nastepnie jej stabilizacje oraz czas
do podfaczenia linii infuzyjnej. Dodatkowo oceniano wiedze z zakresu potencjalnych
powiktan wktu¢ doszpikowych jak réwniez skutecznos¢ uzyskania dostepu doszpikowego.
Badanie czwarte byto zaprojektowane jako badanie randomizowane przekrojowe. W
niniejszym badaniu 40 ratownikéw medycznych wykonywato dostep doszpikowy za
pomocy wktucia B.1.G oraz igly Jamshidi z i SOI typu CBRN. Badanie byto wykonywane w
warunkach symulacyjnych. Ocenie poddano wptyw stosowania SOl na czas wykonania
procedury poszczegdlnymi metodami. Zaréwno kolejnos¢ uczestnikdéw, jak i metod
badawczych byty losowe.

Badanie pigte zostato zaprojektowane jako przeglad systematyczny i meta-analiza i zostato
przeprowadzone zgodnie z wytycznymi PRISMA. Celem badania byto pordwnanie
efektywnosci i bezpieczenistwa stosowania wktué doszpikowych oraz dozylnych przez
personel medyczny ubrany w SOI. Podczas przegladu systematycznego dokonano analizy
elektronicznych baz danych w tym PubMed, Scopus, EMBASE, Web of Science oraz bazy

CENTRAL. W trakcie analizy wyzej wymienionych baz danych postuzono sie
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zdefiniowanymi uprzednio stowami kluczowym. Ostatnia analiza baz danych miata miejsce
10 kwietnia 2020 roku. Analiza baz danych na podstawie stéw kluczowych wykazata 947
rekordéw bibliograficznych, z ktérych po usunieciu powtarzajgcych sie artykutow,
wstepnej analizie prac na podstawie tytutéw i streszczen, a nastepnie analizie petnych

tekstow artykutdéw zakwalifikowano do meta-analizy 8 badan.

Wyniki

W badaniu oceniajgcym uzyskiwanie dostepu doszpikowego u pacjentdéw pediatrycznych
(NIO-P, EZ-10, Jamshidi) z dostepem dozylnym wykonywanym przez pielegniarki ubrane w
petny SOI skuteczno$¢ wykonania procedury wyniosta odpowiednio 100% dla NIO-P oraz
EZIO, 80% dla igty Jamshidi oraz 69,2% dla dostepu dozylnego. Czas wykonania procedury
w poszczegblnych metodach byt zréznicowany i wynosit odpowiednio: 33 + 3s, 37 £ 6,75,
43 + 7s oraz 98,5 + 10 s. tatwos¢ wykonania intubacji w 10 stopniowej skali, gdzie ,1”
oznaczato tatwg do wykonania procedure — zas ,10” — procedure trudng do wykonania —
NIO-P oraz EZ-I0 zostaty ocenione na 2 + 1 punkt, uzyskanie dostepu doszpikowego za
pomocg igty Jamshidi na 5 + 3 punktu, zas wykonanie dostepu dozylnego na 7 + 2 punktu.
Najbardziej preferowang metoda uzyskania dostepu naczyniowego, uczestnicy badania
wskazali urzadzenie NIO-P (78,5%).

W badaniu poréwnujgcym wktucia NIO oraz B.I.G podczas symulowanej resuscytacji
kragzeniowo — oddechowej, skutecznos¢ uzyskania dostepu doszpikowego wynosita
odpowiednio 100% i 95% dla NIO oraz B.1.G. Czas od wziecia do reki wktucia doszpikowego
do momentu wprowadzania igty do jamy szpikowej wynosit 5,4 £ 3,5s dla B.I.G oraz 3,5
2,5s dla wktucia NIO (p=0,014). Z kolei czas od wziecia do reki wktucia doszpikowego do
reki uczestnika do momentu podfaczenia linii infuzyjnej do igty doszpikowej byt
zrdznicowany i wynosit 25 £ 5,5s oraz 11,5 £ 5,2s odpowiednio dla B.I.G and NIO (p<0,001).
W badaniu poréwnujgcym uzyskanie dostepu doszpikowego wykazano, iz zastosowanie
SOl typu CBRN wptywato istotnie na wydtuzenie czasu trwania procedury w przypadku igty
Jamshidi (69,5 + 34,2 oraz 35 + 8s; p<0,001). Zaleznos$¢ ta nie byta natomiast obserwowana
w przypadku wkiucia doszpikowego B.1.G (29,5 + 13,2s oraz 22 * 7s, odpowiednio z i SOI
typu CBRN; p=0,063).

W meta-analizie porédwnujgcej efektywnos¢ uzyskiwania dostepdw doszpikowych oraz

dostepow dozylnych w przypadku stosowania petnych kombinezonéw ochronnych
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wykazano, iz zastosowanie petnej odziezy ochronnej wigzato sie z wydtuzeniem czasu
trwania procedury uzyskania dostepu doszpikowego (MD = 11,69; 95%Cl: 6,47 - 16,92;
p<0,001) jak rowniez zmniejszeniem skutecznosci wykonania dostepu doszpikowego
o 0,8% oraz dostepu dozylnego o 10,1%. W warunkach wykonywania procedury
w kombinezonie ochronnym czas trwania procedury byt istotnie krétszy w przypadku
wktu¢ doszpikowych w poréwnaniu z wktuciem dozylnym (MD =-41,43; 95%Cl: -62,36 to
-24,47; p<0,001).

Whioski

Przeprowadzone badania pozwalajg na sformutowanie nastepujgcych wnioskow:

= W warunkach wykonywania dostepu naczyniowego przez personel medyczny
ubranego w s$rodki ochrony indywidualnej - dostep doszpikowy w poréwnaniu
z dostepem dozylnym wigze sie z krotszym czasem trwania procedury, jak réwniez
zwiekszeniem skutecznosci procedury.

= Wykazano istotne statystyczne réznice w wktuciach doszpikowych pétautomatycznych
i typu EZ-10 a igtg Jamshidi.

» Zastosowanie SOl wptywa na wydtuzenie czasu trwania procedury uzyskania dostepu

naczyniowego, jak rowniez zmniejszenia pierwszej préby jej wykonania.
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Streszczenie w jezyku angielskim

COMPARATIVE ANALYSIS OF SELECTED INTRAOSSEOUS ACCESS TECHNIQUES
IN EMERGENCY MEDICINE CONDITIONS

Introduction

The ability to obtain intravascular access in emergency medicine is one of the obligatory
critical competences of medical personnel. In emergencies, such as cardiac arrest or shock,
the vascular bed is collapsed, proving intravenous access challenging or even impossible to
obtain. In such cases, an alternative is intraosseous access, which warrants comparable
effectiveness in terms of fluid and pharmacotherapy provision in life-threatening
conditions.

Amidst the COVID-19 pandemic when medical personnel, especially emergency medicine
teams, should treat each patient as potentially infected with the SARS-CoV-2 virus, medical
procedures should be carried out wearing personal protective equipment (PPE). Studies on
endotracheal intubation, however, show that the quality of CPR, obtaining intravenous
access and performing procedures while wearing PPE may reduce the effectiveness of the
performed procedure. It is, therefore, essential to pinpoint alternative methods of obtaining
intravascular access, which, despite the use of PPE, will be more effective than intravenous

line access.

Objectives
The aim of the research included in the thematically coherent series of publications was to
compare various techniques of obtaining intraosseous access in the emergency medicine

setting, both in the aspect of adult and pediatric patient populations.

Materials and Methods

The first study was a review paper that introduced a series of research on intraosseous lines.
This work introduced the reader to the indications, contraindications, and potential
complications of the intraosseous line access - using intraosseous lines in adults and
pediatric patients.

The second study was a prospective, randomized, cross-simulation study comparing

intraosseous (10) access (including NIO-P, EZ-IO, and Jamshidi needles) to intravenous
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access using a standard intravenous cannula. The study included 65 nurses who obtained
intravascular access to a simulated COVID-19 pediatric patient. Consequently, all
procedures were performed by participants wearing full PPE. The following parameters
were analyzed: the effectiveness of obtaining intravascular access, the duration of the
procedure, and the ease of its execution. Nurses' subjective preferences regarding the
optimal method of obtaining the intravascular access in a COVID-19 pediatric patient were
additionally assessed.

The third study was designed as a prospective, randomized, observational, crossover
simulation study. 40 paramedics obtained intravascular access via IO access using B.1.G
and NIO using simulated CPR on an adult patient. The order of participants and the mode
of obtaining 10 access were random. Time parameters related to the insertion of the needle
into the intraosseous cavity, its stabilization, and the time to connect the infusion set were
assessed. Additionally, the knowledge of potential complications of intra-IOs was assessed,
and the overall effectiveness of obtaining I1O.

The fourth study was also designed as a randomized crossover study. This study included
40 paramedics who performed IO using B.I.G and Jamshidi needles with and without
CBRN protective wear. The test was performed under simulation conditions. PPE impact
on the procedure's duration using each mode of IO access was assessed; the order of
participants and mode of 1O access was random.

The fifth study was designed as a systematic review and meta-analysis and was conducted
under PRISMA guidelines. The study compared the effectiveness and safety of using
intraosseous and intravenous lines by medical personnel wearing PPE. During the
systematic review electronic databases were searched, including PubMed, Scopus,
EMBASE, Web of Science, and the CENTRAL database. Predefined keywords were used
to search the databases mentioned above. A search of databases based on keywords revealed
947 bibliographic records. After removing duplicate articles, preliminary analysis of papers
based on titles and abstracts, followed by a comprehensive review of full texts of articles,
8 studies were qualified for meta-analysis. The last database search took place on April 10,

2020.

Results
In the study assessing intraosseous access in pediatric patients (NIO-P, EZ-10, Jamshidi)
with intravenous access performed by nurses wearing a full protective suit, the effectiveness

of the procedure was 100% for NIO-P and EZ-10, respectively, 80% for the Jamshidi needle
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and 69.2% for intravenous access. The duration of the procedure per each mode varied and
amounted to 33 + 3s, 37 £6.7s,43 £ 7s, and 98.5 + 10s, respectively. Ease of intubation on
a 10-point scale where "1" meant an easy-to-perform procedure while "10" equaled a
complicated procedure to perform - NIO-P and EZ-10 were scored 2 + 1 point, obtaining
an intra-10 with a Jamshidi needle at 5 &+ 3 points, and intravenous access at 7 £+ 2 points.
The study participants indicated the most preferred method of gaining access to the vascular
system as the NIO-P device (78.5%).

In a study comparing NIO and B.1.G during simulated CPR, the 1O access efficacy was
100% and 95%, respectively, for NIO and B.I.G. The time from the intraosseous device in
hand to inserting the needle into the medullary canal was 5.4 + 3.5 s for B..G. and 3.5 +
2.5s for NIO puncture (p = 0.014). On the other hand, the time from taking the 10 device
to the participant's hand to the connection of the infusion set to the 10 device was varied
and amounted to 25 + 5.5s and 11.5 + 5.2s, respectively for B.I.G and NIO (p <0.001).

In the study comparing the obtaining of the intraosseous access, it was shown that the use
of the CBRN suit significantly prolonged the duration of the procedure in the case of the
Jamshidi needle (69.5 = 34.2 and 35 £ 8s; p <0.001). However, this relationship was not
observed in the case of the B..G (29.5 + 13.2s and 22 + 7s, with and without the CBRN
suit, respectively; p = 0.063).

The meta-analysis comparing the effectiveness of 10 access and IV access with full
protective suits showed that the use of full protective clothing was associated with an
increase in the duration of the 10 access procedure (MD = 11.69; 95% CI: 6.47 - 16.92; p
<0.001) as well as a decrease in the effectiveness of the intra-IOs access by 0.8% and the
intravenous access by 10.1%. Under the conditions of performing the procedure in a
protective suit, the duration of the procedure was significantly shorter in the case of the
intraosseous puncture compared to the intravenous puncture (MD =-41.43; 95% CI: -62.36

--24.47; p <0.001).

Conclusions

The conducted research allows for the following conclusions:

= Obtaining intravascular access by medical personnel wearing PPE, IO access compared
to intravenous access is associated with a shorter duration of the procedure and an
increase in the effectiveness.

= There are statistically significant differences between the semi-automatic 10 access, the

EZI0, and the Jamshidi needle.
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= The use of full protective gear prolongs the duration of obtaining vascular access as

well as reduces the first attempt at its execution.
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1. Wprowadzenie i rys historyczny

Zapewnienie dostepu naczyniowego u pacjentdw znajdujgcych sie w stanie krytycznym,
a w szczegdlnosci po urazach ma kluczowe znaczenie w praktyce klinicznej majacej na celu
ratowanie zycia. Umieszczenie cewnika dozylnego (IV) u chorego w stanie ciezkim moze
by¢ jedna z najtrudniejszych i stanowigcych najwieksze wyzwanie procedur, do wykonania
ktérych moze zosta¢ wezwany personel medyczny. W przypadku niepowodzenia lub braku
mozliwosci umieszczenia IV zastosowanie znajdujg wktucia doszpikowe (l0). Historia
wktué doszpikowych siega roku 1922, kiedy to po raz pierwszy wyjasniono technike jej
uzycia oraz zaczeto jg wykonywac [1]. Na poczatku lat trzydziestych Tocantins i wsp.
ustalili, ze jama szpikowa kosci dtugich jest potencjalnym miejscem dostepu naczyniowego
umozliwiajgcym podawanie ptynéw i krwi [2]. Nastepnie w 1934 roku Josefson jako
pierwszy udowodnit terapeutyczne zastosowanie infuzji 10 u ludzi [3]. Wktucia doszpikowe
byty stosowane stosunkowo czesto w latach 30. i 40. XX wieku, a w trakcie Il wojny
Swiatowej mamy informacje o tysigcach doniesien dotyczgcych ich uzycia do podawania
krystaloidéw, lekéw oraz krwi [4]. Pomimo wczesnego sukcesu wkiu¢ doszpikowych
zastosowanie tej metody jako alternatywy dla tradycyjnego dostepu naczyniowego byto
znaczgco ograniczone do lat 80. XX wieku. Kilka badan wsréd pacjentdéw pediatrycznych
odnowito zainteresowanie kaniulacja doszpikowg jako metodg podawania lekdw
ratunkowych podczas resuscytacji. Zachecajgce wyniki tych badan doprowadzity do
wiekszego docenienia uzytecznosci kaniulacji 10 podczas resuscytacji pediatrycznej. W
1985 r. nowe wytyczne resuscytacji pediatrycznej wydane przez American Heart
Association (AHA) uznaty 10 za bezpieczng alternatywe dla dostepu dozylnego. Aby
odzwierciedli¢ rosngcg akceptacje stosowania |0 w celu ustanowienia dostepu
naczyniowego, wytyczne AHA PALS z 2010 roku uaktualnity swoje zalecenia dotyczgce
zatrzymania krazenia utozsamiajgc dostep IV i 10 w celach resuscytacyjnych [5]. Chociaz
poczatkowo stosowanie 10 byto zalecane tylko u dzieci w wieku ponizej 6 lat, najbardziej
aktualne wytyczne dotyczace resuscytacji krgzeniowo-oddechowej dorostych i dzieci

popierajg stosowanie technik IO u pacjentéw w kazdym wieku.

19



1.1. Anatomia i Patofizjologia
Czerwony i z6tty szpik kosci dtugich cztowieka zawiera bardzo bogatg sie¢ naczyn
posiadajgcych dynamiczne krazenie. Sg one zdolne do przyjmowania duzych objetosci
ptyndéw i szybkiego transportu ich lub lekdw do krazenia centralnego. Kos$¢, podobnie jak
wiekszo$¢ narzgdow, jest zaopatrywana przez gtéwng tetnice (tetnice odzywczg). Tetnica
przebija kore i dzieli sie na gatezie wznoszgce sie i opadajgce, ktére dalej dzielg sie na
tetniczki, ktére przebijajg srédkostng powierzchnie warstwy zwartej, stajac sie naczyniami
wiosowatymi. Naczynia wtosowate sptywajg do zatok zylnych rdzenia w catej przestrzeni
szpikowej, ktore z kolei sptywajg do centralnego kanatu zylnego. Zatoki rdzeniowe
przyjmujg ptyn i leki podczas wlewu doszpikowego i stuzg jako droga transportu do
centralnego kanatu zylnego, zyt wyrzutowych i ostatecznie do centralnego kragzenia.
Posrodku trzonu kosci przebiega rozlegta zatoka centralna, ztozona z rozciaggliwego
srodbtonka. Ta zatoka moze sie rozciggnaé, aby pomiesci¢ pieciokrotny wzrost objetosci
[6]. Naczynia krwionosne przestrzeni S$rodkostnej sg potgczone z krazeniem
ogolnoustrojowym szeregiem podtuznych kanatéw zaréwno w ptaszczyznie pionowej
(kanaty Haversa), jak i poziomej (kanaty Volkmanna). Kanaty Haversa sg potgczone
z systemem kanatéw Volkmanna, ktdére penetrujg kore i koncza sie pofgczeniami
z drenazem kostno-zylnym [7]. Ta obfita sie¢ zylna moze funkcjonowac zatem jako
sztywna, niezapadajaca sie droga dozylna, gdy zawiedzie obwodowy lub centralny dostep
zylny [8]. Jest to szczegdlnie wazne u pacjentdw znajdujgcych sie we wstrzgsie lub
zatrzymaniu krazenia, gdy zyty obwodowe mogg sie zapasé, a krew jest przetoczona do
rdzenia z powodu kompensacyjnego skurczu naczyn obwodowych. Dostep doszpikowy
(10) umozliwia bezposredni dostep do szpiku kostnego rdzenia kostnego i drenaz zylny
kosci dtugich. Ustanowienie trasy 10 dla dostepu naczyniowego pozwala lekom i ptynom
dostac sie do centralnego krgzenia w ciggu kilku sekund. Sktadowe te odgrywajg bardzo
istotng role u dzieci, poniewaz majg one mate naczynia obwodowe, ktdre zapadajg sie
podczas wstrzgsu, a wyzszy udziat tkanki ttuszczowej w organizmie utrudnia wizualizacje
i badanie palpacyjne naczyrn obwodowych. Czynniki te czesto skutkujg przedtuzajgcymi sie
probami i wysokimi wskaznikami niepowodzen dostepu dozylnego.

Wktucie doszpikowe stanowi szybkg i bezpieczng alternatywe dostepu do uktadu
krwiono$nego w sytuacji, gdy dostep IV jest znacznie utrudniony badz niemozliwy.

Skutecznos$¢ uzyskiwania dostepu doszpikowego w réznych badaniach wacha sie od 75%
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do 100%, zas$ czas od rozpoczecia uzyskiwania dostepu doszpikowego do momentu
podtgczenia linii infuzyjnej zazwyczaj miesci sie w zakresie 30-120s [9-11]. Dostepy
doszpikowe stosowane sg jako jedna z metod dostepu do fozyska naczyniowego zaréwno
w przypadku zatrzymania krazenia jak i wstrzgsu. Zazwyczaj stosowane sg one jako
metoda umozliwiajgca szybka stabilizacje farmakologiczna i ptynowg pacjenta, stanowiac
swoisty pomost przed uzyskaniem dostepu dozylnego. Jednakie z uwagi na swoje
wiasciwosci i mozliwo$é podania niemalze wszystkich lekéw znajdujg zastosowanie
rowniez poza zespotami ratownictwa medycznego czy tez szpitalnymi oddziatami
ratunkowymi. Jak wskazujg Krahling i wsp. [12] oraz Schindler i wsp. [13] za pomoca
dostepu doszpikowego moze by¢ podawany kontrast podczas wykonywania tomografii
komputerowej u pacjentow udarowych. Winkler i wsp. dodatkowo pokazali mozliwos¢
wykorzystania dostepu |0 do podawania kontrastu przy badaniach angiografii
tomograficznej aorty piersiowej [14]. Bjerkvig i wsp. wskazuje na mozliwosc¢ transfuzji krwi
petnej za pomocy wktucia doszpikowego [15]. Z kolei Mazaheri-Khameneh i wsp.
prowadzac badanie eksperymentalne na modelu zwierzecym wykazali, iz za pomoca
wktucia doszpikowego mozna podawac rowniez leki anestetyczne, w tym propofol [16].
Kolejng zaletg dostepdéw doszpikowych jest mozliwos¢ pobierania tg metodg krwi na
potrzeby badan laboratoryjnych, w tym oznaczania pH oraz PCO;, czy tez oznaczania
uktadu ABO. Badania wykazaty jednak, ze wartosci probek pobranych z szpiku kostnego
dla niektérych wartosci laboratoryjnych moga by¢ niedoktadne w poréwnaniu z prébkami
z krwi zylnej. Dlatego nalezy zachowaé ostrozno$¢ podczas interpretacji nastepujgcych
wartosci laboratoryjnych takich jak: utlenowania krwi, potasu, glukozy, cisnienia
parcjalnego dwutlenku wegla (PCO;), dehydrogenazy mleczanowej, liczby biatych krwinek,
liczby ptytek krwi, a takze poziomu aminotransferazy asparaginianowej, aminotransferaza
alaninowa, fosfataza alkaliczna i zjonizowany wapn [17,18]. Natomiast wartosci
laboratoryjne uzyskane ze szpiku kostnego, ktére sg w petni zgodne z prébkami z dostepu
zylnego, obejmujg hemoglobine, hematokryt, pH, nadmiar zasad, wodoroweglan w
surowicy, sod, chlorki, magnez, fosfor, wapn catkowity, albumine, azot mocznikowy we
krwi, kreatynine, bilirubine, biatko catkowite, kwas moczowy, typ i badanie przesiewowe,
poziomy lekdw w surowicy i posiewy krwi np. kultury bakterii, wiruséw czy tez grzybéw

[19].
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Niemoznos¢ uzyskania dostepu doszpikowego czesto podyktowana jest obraniem
przez osobe wykonujgcg zabieg ztych punktéw orientacyjnych, mozliwoscig srédkostnego
zagiecia sie igly doszpikowej, jak réwniez zatkania igty przez szpik bgdZz odtamy kostne.
Kolejnym powodem niepowodzenia zabiegu dostepu doszpikowego jest zsuniecie sie igty
po powierzchni kosci. Warto w tym momencie podkresli¢, iz aby prawidtowo wykonac
dostep doszpikowy i zmniejszy¢ ryzyko rozwarstwienia kosci badz wspomnianego
uprzednio zsuniecia sie igly po powierzchni kosci jest odpowiednie przytozenie wktucia
doszpikowego pod katem prostym do powierzchni, w ktérej ma by¢ wykonane.

W przypadku poprawnie zatozonego dostepu doszpikowego niektdrzy autorzy
wskazujg mozliwos¢ wystgpienia powiktan po wlewach doszpikowych, jednakze zgodnie z
badaniami tych autoréw powikfania tego typu sg niezwykle rzadkie i dotyczg mniej niz 1%
przypadkdéw [20]. Rosetti i wsp. w swoim badaniu wskazujg rowniez na ryzyko zapalenia
kosci i szpiku, siegajgce 0,6% przypadkéw [21]. Jednakze to wynaczynienie krwi, ptynow
i lekéw do tkanek miekkich jest uznawane za jedng z najczestszych komplikacji dostepow
doszpikowych [22-24]. W przypadku EZ-I0 problemy z dostepem doszpikowym
raportowane przez Helma i wsp. dotyczyty 1,6% préb wykonania procedury (w tym: 0,8%
to dyslokacja igty, 0,4% krwawienie oraz 0,4% nieszczelnos¢) [25]. Z kolei przeglad
literatury przeprowadzony przez Greensteina i wsp. wykazat, iz powazne komplikacje
zwigzane z dostepem doszpikowym obserwowane byty zaledwie w 0,3% przypadkdéw [26].
Odnotowali oni przypadek wynaczynienia lekow wazopresyjnych, ktory z uwagi na
dziatanie obkurczajgce stanowit potencjalne zagrozenie dla tkanek otaczajgcych wktucie
doszpikowe. Za pomoca wktucia doszpikowego mogg by¢ podawane nawet leki o krétkim
okresie poéttrwania, takie jak adenozyna. Przyktad skutecznego zastosowania adenozyny
doszpikowo w przypadku czestoskurczu nadkomorowaego u noworodka opisat Friedman
[27].

Przeciwskazania do zatozenia dostepu doszpikowego sg nieliczne i obejmujg m.in.
ztamanie kosci dtugie z urazem naczyniowym badz infekcjg skory lub oparzeniem w
miejscu planowego dostepu doszpikowego [21]. Szczegdlng ostroznosé nalezy réwniez
zachowac w odniesieniu do pacjentéw z osteoporozg, ktdrzy narazeni sg na wieksze ryzyko
ztaman jatrogennych. Ponadto wktucie doszpikowe nie powinno by¢ umieszczane w kosci,

w ktérej probowano uprzednio wykonaé dostep doszpikowy —z uwagi na ryzyko
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wynaczynienia podawanych ptynéw przez wczesniej wykonany przy prébie otwor w kosci

[5].

1.2. Rodzaje wktu¢ doszpikowych
Igty doszpikowe w zaleznosci od sposobu uzyskiwania dostepu doszpikowego mozna
podzieli¢c na trzy kategorie: igty manualne, igly z napedem sprezynowym oraz igty

z napedem elektrycznym.

1.2.1. Igty reczne

Dostepnych jest kilka dostepnych na rynku recznych igiet doszpikowych i wykazano, ze
mozna je tatwo stosowac u pacjentéw pediatrycznych i dorostych [6,28], np. Igta do
aspiracji/infuzji szpiku kostnego Jamshidi/lllinois, w rozmiarze 15 i 18 (G) (CareFusion,
Vernon Hills, IL) [29] lub gwintowana igta infuzyjna Sur-Fast |10 oraz zmodyfikowana igta
infuzyjna Dieckmann IO (obie firmy Cook Critical Care, Bloomington, IN) [30]: Igty te mogg
by¢ stosowane w kosci udowej, proksymalnej i dystalnej kosci piszczelowej, w tym w
kostkach, mostku, kosci ramiennej gtowy, dystalnej kosci promieniowej i kosci tokciowej
oraz kosci biodrowej. Uchwyt Near Needle Holder (Near Manufacturing, Camrose, Alberta,
Canada) jest uchwytem wielokrotnego uzytku, ktéry umozliwia wprowadzenie
standardowej pustej igty do przestrzeni srodkostnej. Grupa lekarzy i studentéw medycyny
w Gujanie probowata symulowaé wprowadzenie obu rodzajow igiet po obejrzeniu
kréotkiego filmu szkoleniowego. Czasy wprowadzania dla obu typdéw byty prawie
identyczne (Near Needle Holder: 32 + 13,2 s vs Cook: 32 + 12,3 s), a wiekszos¢
uzytkownikow ocenita Near Needle Holder jako bezpieczng i tatwg w uzyciu [31]. Uchwyt
Near Needle Holder moze byé bezpieczng i niedrogg opcjg w krajach rozwijajacych sie.
Techniki wprowadzania s3 podobne dla wszystkich typéw igiet recznych. Igta jest
ustawiona prostopadle do miejsca wprowadzenia i nacisk jest stosowany w potaczeniu
z ruchem skrecajgcym, az do wyczucia ,,utraty oporu” podczas wprowadzania igty do jamy
szpikowej. Zgtoszone wskazniki powodzenia pierwszych préb z recznymi igtami sg bardzo
zréznicowane. Jedno z badan wykazato ogdlny wskaznik sukcesu 67,7% z czterema
rodzajami igiet (standardowa igta podskdrna, igta do szpiku kostnego, igta do kregostupa

i reczna igta doszpikowa) wprowadzonych przez lekarzy rezydentéw u znieczulonych
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prosigt [32]. W innym badaniu symulacyjnym studenci medycyny mieli 95% wskaznik
skutecznosci wktuwania igty SurFast ® (Cook Critical Care, Bloomington, IN) w kosci
zwierzece. U pacjentow pediatrycznych (w wieku ponizej 5 lat) z przedszpitalnym
zatrzymaniem krazenia odnotowano nawet 85% przypadkéw powodzenia [33.34].
Niedawno stwierdzono, ze przy uzyciu réznych igiet Srédkostnych odsetek powodzen przy

pierwszej probie w warunkach przedszpitalnych wynidst 78% [35].

Rycina 1. Igta manualna Jamshidi. Zrédfto: archiwum autora.

1.2.2. Easy intraosseous access device- EZ-10
System dostepu naczyniowego Arrow EZ-10 (Teleflex, Morrisville, NC) to fatwy w obstudze
i szkoleniu, zasilany baterig litowg, wielorazowy 10 [7,36], ktéry jest dostarczany z
zestawem trzech igiet do do uzytku przez jednego pacjenta [37]:
e gty 15-G o dtugosci 15 mm (rézowe) dla pacjentéw o masie ciata 3—39 kg
e Igty 15-G o dtugosci 25 mm (niebieskie) dla pacjentow o wadze 40 kg i ciezszych
e gty 15-G o dtugosci 45 mm (z6tte) dla pacjentow o wadze 40 kg i ciezszych
z nadmiarem tkanki/obrzekiem w miejscu wktucia, ktére obejmuje proksymalng
i dystalng kos¢ piszczelowa oraz gtowe kosci ramiennej (ale nie wskazane do
stosowania do mostka; Rycina 2 i 3).
Wykazano, ze urzadzenie EZ-I0 jest skuteczne w uzyskiwaniu dostepu
naczyniowego w warunkach przedszpitalnych z 90% skutecznoscia [36].
Przeprowadzono szereg badan w celu sprawdzenia szybkosci i doktadnosci wstawiania

EZ-10. Randomizowane badanie poréwnato wprowadzenie EZ-IO z reczng technikg igtowa
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w zwtoki 0sob dorostych. Chociaz czasy wprowadzania byty podobne (EZ-10: 32 + 11 s
w poréwnaniu z manualnym: 33 + 28 s), EZ-I0 miat wyziszg ocene ,przyjaznosci dla
uzytkownika” i lepszy wskaznik sukcesu przy pierwszej probie (EZ-10: 97,8%
w porédwnaniu z instrukcjg manualng: 79,5%) [38]. W poréwnaniu z metodg head-to-head
z wkfadaniem BIG, urzadzenie EZ-IO ma wyzszy wskaznik powodzenia przy pierwszej
prébie (EZ-10: 90% w poréwnaniu z BIG: 80%) i krotszy czas wprowadzania (EZ-10: 1,8 min

vs. BIG: 2,2 min) w warunkach resuscytacji oddziatu ratunkowego (pacjenci urazowi

i zwykli) [39].

Rycina 2. Rozmiary igiet EZ-IO. Zrédto: archiwum autora.

7-letnia retrospektywna analiza zaktadania przedszpitalnego wykazata, ze umieszczenie
implantu EZ-I0 ma znacznie wyzszy wskaznik powodzenia przy pierwszej probie
w porownaniu ze wskaznikiem powodzenia pierwszej préoby zaréwno wszczepienia
recznego, jak i BIG (EZ-10: 96% w pordwnaniu z recznymi: 50% vs. BIG: 55 %) [40].
Urzadzenie EZ-10 jest tatwe w obstudze i wymaga minimalnego przeszkolenia. Grupie 99
lekarzy bez doswiadczenia z EZ-10 przeprowadzono 5-minutowg prezentacje z jednym
pokazem wprowadzania. Nastepnie kazdy z nich wykonat trzy wszczepienia piszczeli na
zwtokach. Wskazniki powodzenia dla trzech préb wynosity odpowiednio 96,9, 94,9 i 100%,

przy medianie czasu wynoszacej zaledwie 6 sekund [41]. W innym badaniu studenci
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ratownictwa medycznego przeszli szkolenie wideo na temat urzadzend EZ-IO i BIG.
Uczestnicy mieli znacznie wyzszy wskaznik sukcesu przy pierwszej prébie (w kosciach
indyka) z EZ-10 (EZ-10: 28 z 29 vs. BIG: 19 z 29) [42]. Badania te sugerujg, ze EZ-10 jest
tatwym w uzyciu i fatwym do nauczenia narzedziem, ktére mozina z powodzeniem

stosowac w scenariuszach resuscytacji przy minimalnym przeszkoleniu.

Rycina 3. Naped EZ-10 do wktuc¢ doszpikowych. Zrédfto: archiwum autora.

1.2.3. FAST1, FASTX i FASTResponder

FAST1, FASTX i FASTResponder (Pyng Medical, spétka zalezna Teleflex, Morrisville, NC) to
jednorazowe urzgdzenia IO przeznaczone do umieszczenia w rekojesci mostka (Ryciana 4)
[43]. Zawieraja sterylng jednorazowg sonde z wieloma igtami i sg zazwyczaj uzywane
wytgcznie u dorostych lub dzieci powyzej 12 roku zycia. Zgtaszane szybkosci infuzji
wynoszg od 30 do 80 ml/min w przypadku kropléwki grawitacyjnej, 120 ml/min
w przypadku zrddta pod cisnieniem i 250 ml/min w przypadku wstrzykniecia strzykawka

[44].
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Rycina 4. Igta doszpikowa FAST1. Zrédto: archiwum autora.

Pilotazowe badanie wskaznikéw sukcesu wykazato, ze osoby, ktdre po raz pierwszy uzyty
FAST1, miaty 74% wskaznik sukcesu. Juz po jednym doswiadczeniu z uzyciem urzadzenia,
wskaznik powodzenia wzrdst do 95% przy kolejnych prdbach, przy czym mediana czasu
wprowadzenia dla wszystkich badanych wynosita 60 s (ustawienie przedszpitalne i oddziat
ratunkowy) [45]. Badanie symulacyjne wykazato, ze po 2-godzinnym wykfadzie 96,6%
studentow technikdw ratownictwa medycznego prawidtowo zidentyfikowato
anatomiczne punkty orientacyjne, a 100% prawidtowo umiescito naklejke docelowa.
Ogdlnie rzecz bioragc, uczniowie mieli 93,1% wskaznika pomysinego umieszczenia igly
w manekinie [46]. Biorgc pod uwage zastosowanie FAST1 urzadzenia u pacjentéw
z amputacjami koriczyn, przeprowadzono badanie w celu zbadania szkolenia wymaganego
dla wojskowego personelu medycznego, aby uzyskaé biegtos¢ w jego obstudze. Po
60-minutowym wykfadzie, szkoleniowym filmie wideo i sesji symulacyjnej, badani
prawidtowo umiescili FAST1 w zwtokach 29 razy 30 razy (94%) ze $rednim czasem 114 +
36 s [47]. Niektore nieudane préby FAST1 w tych badaniach przypisuje sie trudnosciom

technicznym wynikajgcym z otytosci pacjenta.

1.2.4. The Bone Injection Gun (BIG)

Pistolet do wstrzykiwan do kosci (PerSys Medical) [48] jest dostepny jako urzgdzenia
IO dla dorostych i dzieci (Rycina 5 i 6). Te jednorazowe, sprezynowe urzgdzenia
wprowadzajace zostaly zatwierdzone przez amerykaniska Agencje ds. Zywnosci i Lekéw

(FDA) do uzytku w blizszej czesci kosci piszczelowej i gtowie kosci ramiennej u dorostych
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[39]. Urzadzenia te majg automatyczny jednorazowy wtryskiwacz 10 z tworzywa
sztucznego. Wersja dla dorostych ma igte 15G z wstepnie ustawiong gtebokoscig wktucia
2,5 cm lub 1 cal; wersja pediatryczna posiada igte 18G z regulowang gtebokoscig wktucia
0,5cmi 1,5 cm. Zgtoszone wskazniki powodzenia pierwszej préby wprowadzenia implantu
BIG wahajg sie od 71 do 91% [49,50]. Badanie przedszpitalne oceniajgce uzycie B.I.G. przez
zespot ratownictwa medycznego transportujgcego helikopterem wykazato 71% ogdlnego
wskaznika sukcesu (dorosli i dzieci) i nie wykazato zadnych powiktan [50]. W badaniu na
psach wskazniki powodzenia recznego wktucia igty i wprowadzenia B.l.G. byty podobne.
Wprowadzenie urzgdzenia B.l.G. byto jednak znacznie szybsze (B.l.G.: 22,4 + 8,2 s
vs. reczne: 42,0 + 28,1 s) [51]. Urzadzenie B.l.G. jest fatwe do nauczenia i wymaga
minimalnego przeszkolenia. Wojskowy personel medyczny bez wczesniejszego

doswiadczenia odnidst sukces w 29 z 31 préb wprowadzenia BIG (w zwtokach) po

wyktadzie i filmie szkoleniowym [47].

Rycina 5. Wktucie doszpikowe B.l.G. w wersji dla pacjentow dorostych. Zrédto: archiwum autora.
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Rycina 6. Wktucie doszpikowe B.1.G. w wersji dla pacjentéw pediatrycznych. Zrédto: archiwum autora.

1.2.5. New Intraosseous (NIO) Device

Urzadzenie New Intraosseous (NIO) to jednorazowe, automatyczne, sprezynowe
urzgdzenie ze zintegrowanym stabilizatorem igly. NIO zawiera zestaw kaniuli z statg
gtebokoscig wprowadzenia 35 mm dla dorostych (Rycina 7) [52]. Zwykle, miejsca lokalizacji
obejmujg piszczel i gtowe kosci ramiennej. Shina i in. przeprowadzili badanie krzyzowe w
celu poréwnania urzadzenia NIO kontra EZ-IO na modelach zwierzecych. Wskaznik
sukcesu pojedynczej préby z NIO wynidst 92%, podczas gdy w przypadku EZ-10 byto to
88%.

Powikfania NIO dotyczyta blokady zwalniania sprezyny z powodu ztego potfozenia
igty i fiksacja na kosci, problemy z mocowaniem strzykawki i usuwania mandrynu. Z drugiej
strony zdarzenia niepozgdane zwigzane z EZ-10 byty: ze wzgledu na przesunietg igte 10, zty
kat techniki, i odtgczenie mandrynu wiertarskiego. Dodatkowo 46% uczestnikdw wolato
NIO, a 54% wybrato EZ-I0. Tak wiec badanie nie wykazuje statystycznych rdznic w

wydajnosci i tatwosci uzytkowania te dwa urzgdzenia (EZ-10 vs. NIO) [53]. Z kolei Szarpak
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i in. wskazat urzagdzenie NIO jako lepszy wybér dla dostepu 10 podczas oceny NIO i EZ-IO
urzadzenia. Pomyslna procedura wprowadzania byta znacznie szybsza w przypadku

urzadzenia NIO (16 s) niz EZ-10 (26 sek.).

Rycina 7. Wktucie doszpikowe NIO dedykowane pacjentom dorostym. Zrédto: archiwum autora.

Ponadto ratownicy medyczni statystycznie czesciej wskazat urzadzenie NIO jako fatwiejsze
w obstudze [54]. Ci sami autorzy poréwnali te dwa urzadzenia na zwtokach oceniajac
zdolnos¢ niedoswiadczonych ratownikdow medycznych przy dostepie 0. Wskaznik sukcesu
pierwszej proby z obydwoma NIO i EZ-IO byty bardzo wysokie (odpowiednio 97,4% vs.
100%) oraz nie byto znaczgcej réznicy miedzy urzgdzeniami. Warto zauwazy¢, ze dostep
do 10 uzyskano znacznie szybciej dzieki NIO (16,8 s) w poréwnaniu z urzgdzeniem EZ-10
(42 s) [55]. Ponadto badanie Ramireza i wsp. rowniez wskazato NIO jako bardziej
efektywne, szybsze i znacznie tatwiejsze w uzyciu urzagdzenie do 10 niz BIG [56].
Uzyskanie dostepu doszpikowego z wykorzystaniem iglty doszpikowej NIO jest
niezwykle prostg procedurg, ktéra obejmuje wyznaczenie potencjalnej lokalizacji wktucia,
ustawienie urzadzenia pod katem prostym do powierzchni kosci, w ktérg bedzie odbywato
sie wprowadzenie igty doszpikowej (Rycina 8). Zaletg wktué¢ doszpikowych NIO jest fakt,

iz posiadajg one juz podstawowy stabilizator igty, ktéry jest jej nieodtgcznym elementem
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(Rycina 9). Nastepny krok to préba aspiracji za pomocg strzykawki (Rycina 10) oraz
podtgczenie przedtuzacza infuzyjnego z kranikiem — ktéry redukuje ryzyko rozszczelnienia
igty podczas podtgczania zestawow kroplowych badz strzykawek.

Istnieje rédwniez dedykowana pétautomatyczna wersja NIO dla pacjentow
pediatrycznych (NIO-P) w wieku od 3 do 12 lat (Rycina 11). Mechanizm z NIO-P jest

podobny do wersji dla dorostych jednak rdéznice dotyczg igty 15G u dorostego NIO

w porownaniu z igtg o rozmiarze 18 dla dzieci.

Rycina 8. Uzyskiwanie dostepu doszpikowego w proksymalny odcinek kosci piszczelowej.  Zrédto: archiwum autora.
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Rycina 9. Igta doszpikowa NIO ze stabilizatorem. Zrédfto: archiwum autora.
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Rycina 11. Wktucie doszpikowe NIO dedykowane pacjentom pediatrycznym. Zrédto: archiwum autora.

Gtebokos¢ wprowadzenia NIO-P mozna zmienic¢ zgodnie z wiekiem pacjenta [57]. Wiele
badan analizuje skuteczno$é urzadzenia NIO u pacjentdw pediatrycznych. Feldman i in.
przeprowadzili badanie, w ktérym nie stwierdzono réznic we wskaznikach powodzenia
miedzy pielegniarkami ratunkowymi a ratownikami medycznymi (79,4% vs 83,3%).
Wskazniki sukcesu i niepowodzen byty podobne w obu przypadkach urzgdzenia. Ponadto
obie grupy napotkaty podobne komplikacje techniczne zwigzane z tymi dwoma
urzgdzeniami. Jednak 82,3% pielegniarki i 73,3% ratownikow medycznych wskazato EZ-10
jako urzadzenie pierwszego wyboru [58]. Z drugiej strony, gdy poréwnano NIO-P do
Jamshidi, BIG i EZ-10, wskaznik sukcesu wynidst 100% dla NIO-P, natomiast 90% dla
pozostatych urzadzen. Ponadto NIO-P byt urzadzenie pierwszego wyboru 91%
uzytkownikéw [59]. Podobnie, w innym badaniu wskaznik sukcesu wyniést 100% dla NIO-
P, podczas gdy byt gorszy dla trzech pozostatych urzadzen [60].

Warto w tym miejscu ponadto wspomnieé, iz zostata ponadto wypuszczona na rynek igta
doszpikowa NIO dla niemowlat. Jednakze z uwagi na strukture kostna tej grupy pacjentéw

jest to igta wprowadzana manualnie (Rycina 12).
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Rycina 12. Wktucie doszpikowe NIO dedykowane niemowletom. Zrédto: archiwum autora.

1.3. Lokalizacje wktu¢ doszpikowych

Wktucia doszpikowe w zaleznosci od wskazan producenta moze by¢ zatozone w réznych
lokalizacjach. Najczestszymi lokalizacjami wybieranymi przez personel medyczny s3: cze$é
proksymalna kosci piszczelowej, gtowa kosci ramiennej czy tez kostka przysrodkowa

(Rycina 13).
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Gtowa kosci ramiennej

Mostek

, ———— Dystalny odcinek kosci udowej

Proksymalny odcinek kosci piszczelowej

Rycina 13. Najczesciej wybierane lokalizacje do uzyskania dostepu doszpikowego. Zrddto: opracowanie wiasne.

Zestawienie akceptowalnych przez poszczegdlnych producentéw miejsc uzyskania

dostepu doszpikowego prezentuje Tabela 1.
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Tabela 1. Zalecane lokalizacje uzyskania dostepu doszpikowego zgodnie ze wskazaniami producentow.

Pacjent Pacjent
Typ wktucia Lokalizacja
dorosty pediatryczny

Mostek, gtowa kosci ramiennej,
dystalna czes¢ kosci tokciowe;j,
talerz biodrowy, kos$¢ udowa,
Igta manualna
proksymalna i dystalna czesé
piszczeli, wiaczajac kostke

przysrodkowg

W przypadku domostkowego
FAST1 uzycia jedynie u pacjentow w

wieku > lat

Gtowa kosci ramienne;j
u dorostych; Proksymalny
B.I.G.
i dystalny odcinek  kosci

piszczelowej u dzieci i dorostych

Gtowa kosci ramiennej;

EZ-I0 Proksymalny i dystalny odcinek

AN NER N
AN NER N

kosci piszczelowej

Helm i wsp. wskazujg, iz najczesciej preferowang lokalizacjg dostepu doszpikowego
z wykorzystaniem EZ-10 byfa proksymalna czes¢ kosci piszczelowej (87,2%), nastepnie

czes¢ dystalna kosci piszczelowej (7,5%) oraz ko$¢ ramienna (5,3%) [25].

1.4. Przeptywy

Na przeptyw przez igte 10 wptywa wiele réznych czynnikbw w tym cisnienie infuzji,
szerokos¢ i dtugosc igly, lepkosci ptynu, opdr hydrauliczny w obrebie szpik i uktadu
zylnego, miejsce wprowadzenia, wielkos¢ przestrzeni kostnej, obecnosc¢ skrzepdw i innych
szczatkdw, obturacyjne oraz miejscowe napiecie naczyniowe w jamie szpikowe;j i tkankach

ja otaczajacych. Cisnienie krwi w przestrzeni kostnej jest zwykle utrzymywane na poziomie

36



od jednej trzeciej do jednej czwartej systemowego ci$nienia tetniczego krwi [61-63].
W konsekwencji, proby wlewu ptyndw do przestrzeni muszg najpierw pokonaé
wewnetrzny opor tego gradientu cisnienia pomiedzy przestrzenig i systemem infuzyjnym.
Mozna to osiggnagé za pomocg wlewu grawitacyjnego (wytwarzajgcego cisnienie infuzji
100 mmHg zawieszonego na standardowej wysokosci 100 cm nad igtg) lub przy uzyciu
standardowego worka cisnieniowego, pompy infuzyjnej lub infuzji strzykawkowej. Ogélnie
wlew ze strzykawki jest najszybszg technikg, poniewaz wytwarza najwyzsze cisnienie
infuzyjne 760-1520 mmHg za pomocg strzykawki 50 ml [64,65]. Wyzsze szybkosci infuzji
sg ogoblnie mozliwe przy zwiekszonym cisnieniu infuzji we wszystkich miejscach
wprowadzenia. Pod cisnieniem strzykawki odnotowano szybkosci przeptywu 250 ml/min
[66,67]. Ale ten wzrost natezenia przeptywu ma swojg cene. Rubal i wsp. [68] wykazali, ze
wysokie cis$nienia infuzji doszpikowej znaczaco zwiekszajg cisnienie $rddszpikowe
w sposob liniowy. Kompresja rdzeniowa i odksztatcenie Scinajgce wzrastajg dramatycznie
miedzy 30 a 60 ml/min. Fizjologiczne skutki zwiekszonego cisnienia wewnatrz kosci
podczas infuzji wysokocisnieniowej nie zostaty catkowicie opisane. Zwiekszone cisnienie
wewnatrz kosci wigze sie z subiektywnym odczuwaniem bélu i wigze sie ze zwiekszonym
ryzykiem wynaczynienia ptynéw z wnetrza przestrzeni kostnej [6].

Kilku autoréow sugerowato, ze rozmiar igty 10 nie wptywa znaczgco na szybkos¢
przeptywu, co dowodzi, ze az 90% oporow przeptywu w infuzji doszpikowej wynika z oporu
hydraulicznego w szpiku kostnym [69,70]. Wydaje sie to byé poparte anegdotycznymi
dowodami na to, ze szybkosc¢ infuzji 10 zmniejsza sie automatycznie w miare uzupetniania
ptyndéw ustrojowych. Gunz i wsp. [71] zauwazyt, ze szybkosci przeptywu wydajg sie by¢
zwigzana z wagg dziecka i stopniem odwodnienia. Dalsze wsparcie dla tej teorii dostarcza
Schoffstall i wsp. [72], ktorzy stwierdzili trzykrotng poprawe szybkosci przeptywu
z 13-gauge 10 w poréwnaniu z 18-gauge 10 w duzych Swiniach, ale nie ma miedzy nimi
roéznicy igty u mniejszych swin. Dotyczyto to zaréwno infuzji grawitacyjnej (na wysokosci
100 cm), jak i infuzja cisnieniowej 300 mmHg.

Kilka badan wykazato, ze kos¢ ramienna jest miejscem zdolnym do wlewu znacznie
wiekszych objetosci ptynu niz miejsce piszczelowe w modelu $winskim pod wysokim
ci$nieniem infuzji [73-75]. Wyniki z badan na ludziach poréwnujacych kosci ramiennej
i miejsca piszczelowe sg rézne. W prospektywnym badaniu interwencyjnym poréwnano

szybkosci przeptywu ptynu przez igty EZ-10 umieszczone w kosci ramiennej, piszczelowej
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i udowej $wini. Ko$¢ ramienna miata statystycznie istotnie (p < 0,001) wyzszy przeptyw
(213 ml/min) w poréwnaniu z koscig piszczelowg (103 ml/min) lub koscig udowg (138
ml/min) podczas wlewu soli fizjologicznej przez worek cisnieniowy [76]. Badania na
ludziach pordwnujgce szybkos¢ przeptywu kosci ramiennej i piszczelowej dajg mieszane
wyniki. Badanie na 10 ludzkich ochotnikach wykazato znacznie wyzsze $rednie natezenie
przeptywu w kosci ramiennej (ko$¢ ramienna: 5093 + 2632 ml/h oraz piszczel 1048 + 831
ml/h) we wlewie pod cisnieniem [77]. Jednak prospektywne badanie obserwacyjne
24 krytycznie chorych pacjentéw (ustawienie oddziatu ratunkowego) pordwnujace
szybkos$¢ przeptywu EZ-IO w kosci ramiennej i piszczelowej nie wykazato statystycznie
istotnej réznicy miedzy osrodkami (ko$¢ ramienna: 153 ml/min vs. piszczelowa: 165
ml/min). Obydwa miejsca w tym badaniu charakteryzowaty sie znacznie wiekszg
szybkoscig przeptywu w przypadku cisnieniowego worka infuzyjnego niz w przypadku
kropléwki grawitacyjnej [78]. Na podstawie tych matych badan na swiniach i ludziach,
miejsce w kosci ramiennej moze oferowaé wieksze predkosci przeptywu niz w kosci
piszczelowej, ale konieczne sg préby z wiekszg liczebnoscia prébek, aby dokonaé
rozstrzygajgcego rozstrzygniecia. Dla poréwnania, prospektywne badanie ochotnikow
wykazato srednig szybkos¢ infuzji 35,6 ml/min. przez cewnik dozylny o rozmiarze 18
(kropléwka grawitacyjna) [79]. Wyzsze szybkosci przeptywu dozylnego (18 G: 205 ml/min;
16 G: 412 ml/min) wykazano przy uzyciu systemu Rapid Infusion (Haemonetics Corp.,
Braintree, MA) [80]. Pasley i wsp. w jednych z najnowszych badan pordwnujgcych
szybkos¢ przeptywu w trzech najczesciej stosowanych klinicznie miejscach wlewu
doszpikowego u dorostych w modelu zwtok cztowieka dorostego udowodnili, ze miejsce
na mostku dla dostepu |0 zapewniato najbardziej spdjny i najwyiszy przeptyw
w poréwnaniu z miejscami wprowadzania implantéw w kosci ramiennej i piszczelowe;.
Srednie natezenie przeptywu w mostku byto 1,6 razy wieksze niz w kosci ramiennej
i 3,1 razy wieksze niz w kosci piszczelowej [81]. Niedroznos¢ igty przez skrzepy i resztki
kosci lub szpiku sktonita niektdrych autoréw do odradzania aspiracji szpiku kostnego, aby
potwierdzi¢ prawidtowe umieszczenie przed infuzjg 10. Inni stwierdzili, ze przeptukiwanie
lub wlewy heparynizowanej soli fizjologicznej przez igte 10 sg skuteczne w poprawie
przeptywu, prawdopodobnie poprzez zapobieganie miejscowej aktywacji kaskady

krzepniecia [68,82].
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1.5. Kosztochtonnos¢

W wieloosrodkowym badaniu obserwacyjnym poréwnano koszty wprowadzenia cewnika
do zyty centralnej z kosztem wprowadzenia $rédkostnego u niestabilnych pacjentéw
zgtaszajgcych sie na oddziat ratunkowy. tacznie 105 pacjentéw otrzymato dostep
doszpikowy (85% to pacjenci ,medyczni”, a 53% z zatrzymaniem krazenia lub oddechu),
a koszty porédwnano z opublikowanymi danymi z linii centralnej. Stwierdzono,
ze oszczednosci zwigzane z umieszczeniem $rédkostnym nad centralnym dostepem
zylnym wyniosty 195 USD na zabieg [83]. Jednak to badanie ma ograniczenia, ktore nalezy
wzig¢ pod uwage. Skupiono sie tylko na poczgtkowych kosztach wktadania na oddziale
ratunkowym i nie zajmowato sie takimi kwestiami, jak codzienne koszty utrzymania linii
centralnej lub odsetek pacjentéw w grupie srodkostnej, ktdrzy ostatecznie otrzymali linie
centralne podczas przyjecia do szpitala. Odsetek pacjentéw, ktérzy pdziniej wymagaja
dostepu centralnego, nie byt badany i musi zostaé¢ okreslony przed wyciggnieciem

prawdziwych wnioskéw dotyczacych ,,0gdélnej” optacalnosci.
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2. CEL PRACY

Wspdlnym celem artykutow wchodzacych w sktad spdjnego tematycznie cyklu publikacji
byto pordwnanie rézinych technik uzyskiwania dostepéw doszpikowych w warunkach
medycyny ratunkowej zaréwno w aspekcie pacjentdw pediatrycznych jak i osob

dorostych.
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ABSTRACT

Introduction: Obtaining successful vascular access is an essential component of the emergency and
trauma setting. The modern practice of medicine advocates IO access for patients in a critical condition,
especially when IV access is problematic or unobtainable. Various medical devices allowing for IO access
have been coined and used in the management of critical patients.

Areas covered: This study aims to review the literature regarding different intraosseous devices used to
obtain vascular access (Bone Injection Gun (BIG), EZ-IO, NIO, Jamshidi, and First Access for Shock and
Trauma (FAST-1) and discuss their clinical and experimental role in the emergency and trauma settings.
Expert opinion: The development of medical technology contributes to an increasing number of
intraosseous devices facilitating vascular access in challenging scenarios, including cardiopulmonary
resuscitation, anaphylactic, or hypovolemic shock. Each of these devices provides an effective route for
fluid resuscitation, drug delivery, laboratory evaluation, and shortening the timeframe for established
vascular access, provided that the person obtaining the access is acquainted with the use of the device.

KEYWORDS

Vascular access;
intravascular; intraosseous
device; emergency
medicine; trauma setting

1. Introduction

The provision of vascular access for fluid and pharmacother-
apy is a critical element of emergency medicine, particularly in
trauma settings such as cardiopulmonary resuscitation (CPR)
or life-threatening conditions. A delay in administering ther-
apy because of prolonged attempts to establish vascular
access in such emergency states may worsen patient prog-
nosis or adversely affect the patient’s state [1,2].

However, gaining vascular access via the intravenous (IV)
route often proves unobtainable or delayed in emergency
states. An abundant number of critical patients presenting dur-
ing an emergency or trauma are in a state of shock where the
body’s natural defenses shut down peripheral circulation, mak-
ing it difficult or impossible to access peripheral veins for the
delivery of life-saving drugs and fluids [3]. In these patients, the
collapse of the vascular bed with peripheral IV access (most
commonly near the cuboidal fossa) proves challenging or even
impossible, necessitating an alternative access site that may be
achieved using an intraosseous (I0) device.

Although previously more common in critical care of pedia-
tric patients or military settings, 10 access has demonstrated to
be an effective route for fluid resuscitation, drug delivery, and
laboratory evaluation attained in all age groups and emergency
scenarios with an acceptable safety profile [4]. Today, 10 access
is advocated for patients in a critical condition, especially in
cases when IV access is problematic or unobtainable; a method
approved by scientific circles at the European Resuscitation
Council (ERC) and the American Heart Association (AHA) [5-7].

Innovative advances in medical device technology have
prompted several devices that greatly facilitate the 10 infusion
of drugs and fluids in adults. Such devices penetrate the
complex cortex of adult bone into the highly vascularized 10
space through specially designed needles or needle sets -
actions aiming to establish 10 access consist of locating the
tibial tuberosity [8]. 10 access is the technique of choice for
obtaining vascular access in pediatrics; however, it is only the
recommended method for failed or prolonged attempts at IV
access in adults. Advanced Trauma Life Support guidelines
outline that 10 access should be obtained after three unsuc-
cessful attempts to access the peripheral vein or after 2 min-
utes of continued attempts [9].

As highlighted by experts, obtaining vascular access with
an 10 device can be deemed simple, fast, and safe, hence
perhaps proving to be an integral part of rescue procedures
[10,11]. Furthermore, research shows that obtaining 10 access
even after a relatively short training interval is not difficult for
physicians, paramedics, or emergency nurses [8,12].

Establishing 10 access requires an injection point located
2 cm medially and 1 cm cranially from the tibia’s tuberosity in
adults. In pediatrics, 1-2 cm medially and approximately 1 cm
caudally from the tibial tuberosity on the bone’s flat pane
[12,13]. In adults, 10 access can be performed in the sternum
about 2 cm under the sternal notch, humous, tibial bone
either proximal or distal after locating the medial malleolus,
and two fingers width above the ankle’s upper edge [4,12]. In
children, the mark is one finger width over the upper edge of
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Article highlights

o Intraosseous access is an alternative method for pharmacotherapy or
fluid administration and establishing vascular access in life-
threatening conditions.

e Vascular access via an intraosseous device previously reserved for
critical care conditions in pediatrics and the military is recommended
for adult emergency and trauma conditions.

e Bone Injection Gun (BIG), its successor New Intraosseous Device (NIO),
the Jamshidi, Easy Intraosseous Access Device (EZ-0), or the FAST1
device are the most popular and widely used intraosseous devices for
vascular access in emergency and trauma settings.

e Manual intraosseous devices (Jamshidi) are limited to the pediatric
population in critical conditions or trauma.

e Semi-automatic intraosseous (BIG, NIO, and FAST-1) device systems
are the most commonly used vascular access method due to their
safety profile and ease of use.

o Drill intraosseous devices (EZ-I0) are user-friendly with limited train-
ing time.

e There are many types of intraosseous devices currently available on
the market.

¢ Intraosseous devices may contribute to a decreased number of failed
vascular access attempts, particularly during cardiopulmonary resus-
citation or in life-threatening conditions.

o The learning curve for obtaining vascular access via an intraosseous
device is shallow.

the ankle. A site conceivable to establish 10 access is also the
head of the humerus. The IO injection provides entry for
resuscitation drugs and fluid resuscitation [14-16]. However,
flow through the 10 catheter must be initiated by an initial
flush of at least 10 mL of saline and maintained using
a pressure infusion bag inflated at 300 mmHg per the use
instructions [17].

The advantage of 10 access is that it is comparable to the
central venous catheter achieved desired drug plasma con-
centrations. During massive fluid therapy through 10 access
with a quick transfusion cuff, it is possible to reach an average
flow of 125 mL/min using one infusion site only [18]. However,
I0 access is an emergency solution for the impossibility of
quickly obtaining peripheral IV access, ongoing cardiopulmon-
ary resuscitation, and hypovolemia when emergency IV can-
nulation is difficult. Therefore, it is recommended to be
maintained until the hemodynamic parameters, assessed non-
instrumentally, are improved, and the time should not exceed
24 hours. Contraindications may include signs of soft tissue
infection at the injection site, bone fracture, compartment
syndrome, limb trauma with vascular bundle damage, and
any attempt to establish 10 access within the previous
24 hours [4].

To date, various medical devices allowing for 10 access
have been coined, some of which include devices through
which the needle is kicked into the bone, such as the Bone
Injection Gun (BIG) (WaisMed Ltd., Herzliya, Israel) and also the
New Intraosseous Device (NIO) (WaisMed Ltd., Herzliya, Israel),
the EZ-10 kit (Teleflex®, Morrisville, NC, USA) where the needle
is twisted with a small drill, and FAST-1 system (Pyng Medical
Corp. Richmond, Canada) which involves the attachment of
a multi-needle injection system to the sternum. This article
aims to review the most widely used IO devices for vascular
access in emergency and trauma settings.

2. Semi-automatic spring devices
2.1. Big Bone Injection Gun (BIG)

The Bone Injection Gun (BIG) is a semi-automatic and dispo-
sable device (Figure 1) and one of the most commonly used
for 10 routes [19]. The mechanism involves a spring-loaded
injector to fire an 10 needle into the bone [20]. The most
common insertion sites include the proximal tibia and
humerus head due to its flat surface and shallow medullary
canals [21]. Studies show that BIG allows for obtaining an
effective route for quick and easy administration of medica-
tions and fluids in children and adults [19]. The injection
success rate ranges from 73.0% to 92.3% in adults and remain
at a steady 73.0% in children [22,23]. Notably, the preparation
and insertion require a time of 17 seconds (s), while the
procedure itself takes a surprisingly short time, with
a maximum of 3 minutes (a mean procedure time of 2 minutes)
[12,24]. The BIG device is commonly used by paramedics,
physicians, and medical providers in advanced life support
(ALS) procedures.

Depending on the persons’ age, the characteristics of the
BIG, such as small size, lightweight, and color-coded division,
make it a good alternative for patients in life-threatening
conditions and often in unfavorable environments. However,
owing to technical parameters, the BIG device has limitations
in its use. The data associated with the incidence of the
complications is divergent, ranging from 7% to 27% [22],
while some studies report even up to 40.9% [25]. The needle’s
wrong position, which missed the bone but entered the mar-
row, extravasation, or no flow in the cannula are among the
most mentioned [25]. Nevertheless, Leidel et al. [26] underline
that the bone cortex’s missed penetration is probably due to
the wrong insertion site and was only observed in tibial
access [26].

Additionally, a commonly raised problem is the removal of
the trocar needle. The stuck stylet within the cannula might
reflect technical problems with the device. On the other hand,
the effective administration of medications is still possible
after removing the successful insertion [26].

Many researchers focused on comparing various 10 access
devices and their characteristics to identify the most suitable
prehospital procedure for resuscitation in recent years. Demir
et al. [24] conducted a study to compare the application of BIG
and EZ-10O devices in 56 emergency adult patients. Among the
three emergency physicians who performed the procedures,
no significant difference was found in the first successful
attempt rate, with 92.3% for BIG and 84.6% for EZ-IO, respec-
tively. Furthermore, no substantial differences were identified
in the patients’ characteristics among the two successfully
applied techniques. Notably, the time of insertion was signifi-
cantly longer in the EZ-IO group, and BIG was assessed as
a more comfortable device [24]. Even though BIG seems to be
a more appropriate choice, the study involved three physi-
cians, which is a significant limitation for extrapolating the
results. Per the results of another analysis, Kurowski et al.
[12] indicated a higher success rate for the first attempt for
the BIG device (91.59%) compared to EZ-IO (82.66%) and
Jamshidi (47.66%) in simulated resuscitation attempts
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Figure 1. Bone Injection Gun (BIG).

performed by 107 paramedics. Moreover, the mean procedure
time for BIG was 2.0 + 0.7 (mean and standard deviation-SD)
minutes compared to 3.1 + 0.9 minutes for EZ-IO and
4.2 + 1.0 minutes for Jamshidi [12].

On the other hand, Shavit et al. [27] reported a significantly
higher success rate of the first attempt with the EZ-10 than the
BIG device on simulated models. Twenty-nine paramedics
students could use the EZ-IO before the BIG device assessed
the EZ-I0 as more comfortable to use. No difference was
found in the ease of usage when BIG was used as the first
device. The most common complication (6 out of 10) was
associated with BIG, with which the stylet was unable to be
removed as it was wedged in the needle. At the same time, in
2 other attempts, fluid extravasation was reported. In the case
of EZ-10, the only fluid extravasation around the insertion was
observed [27]. Leidel et al. [26] achieved similar results when
evaluating the two devices’ effectiveness in 40 adult patients
under resuscitation. They reported a higher success rate on
the first attempt and shorter procedure time with EZ-I0 than
BIG devices. However, the differences were not statistically
significant. In the study, the failed attempts in EZ-IO were
due to extravasation, whereas complications with BIG usage
involved the stylet being stuck in the bone and the missed
penetration of the cortex [26].

Sunde et al. [28] examined the difference between BIG, EZ-
10, and manual needle devices in a helicopter emergency
medical service. In the retrospective study, 78 1O insertion
attempts were made on 70 patients, including adults
(N = 47) and children (N = 23). The overall success rate was
50% with a manual needle, 55% with BIG, and 96% with the
EZ-10 device. The adverse events related to the manual needle
insertion included needle bending and extravasation.
Misplacement and bending of the needles were also observed
using BIG devices. Notably, one case of bone fracture and
extravasation was reported with the BIG technique. No tech-
nical complications were noted with EZ-10, except for one case
of needle dislocation and extravasation [28].

Interestingly, Isayama et al. [19] evaluated BIG insertion’s
effectiveness among different age groups, including adult,

pediatric and infant models, obtained a similar procedure
time among all groups. 90% of the participants assessed BIG
devices positively [19]. However, the success rate was signifi-
cantly lower in the infant model (84%), compared to pediatric
(94%) and adults (93%).

On the other hand, Ramirez et al. [29] compared the injec-
tions made by BIG and NIO during simulated cardiopulmonary
resuscitation. The 10 access was successfully achieved in 100%
of NIO attempts while it showed 95% with the BIG device. The
time-lapses to perform the 10 injection, stabilize the needle,
and connect it to the infusion were longer with BIG devices
than NIO. Nonetheless, 90% of the paramedics assessed the
NIO device as more comfortable to use [29].

Besides, Eisenkraft et al. [30] evaluated the efficacy of BIG in
treating organophosphate poisoning in animal models. The
study assessed three ways of midazolam administration - IV,
intramuscular (IM), and 10 in the effectiveness of terminating
the seizures. Notably, the anticonvulsive effect of IO midazo-
lam administration was observed during the injection com-
pared to 5-10 minutes after administration by intramuscular
access. Moreover, midazolam reached its peak in the blood
sample after 2 minutes by the 10 route, whereas after 10 min-
utes by IM route. Nevertheless, midazolam'’s bioavailability was
12% lower in 10 access than IM, probably due to binding to 10
components or metabolic biotransformation [30].

IO access is usually obtained in challenging, unfavorable
conditions as a prehospital procedure, altering the provider’s
skills on stress. Nadler et al. [20] assessed the effectiveness of
BIG use by military medical teams in the military environment.
The first attempt included 30 trauma patients (adults and
children); the success rate was only 53%, a significantly lower
result than in the earlier discussed studies. The authors indi-
cate the main challenge was the underestimated time of
needle insertion under stress conditions [20]. Other factors
included wearing personal protective equipment (PPE). We
previously conducted a meta-analysis to investigate the effect
of PPE on the success of obtaining 10 and IV access during
COVID-19. We found that the overall time to obtain 10 access
while wearing PPE was shorter than for IV, with 10’s success
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rate achieving 100% compared to IV access at 93%. Therefore,
IO access could be obtained in a shorter time and with
a higher success rate than an intravascular procedure by
medical personal wearing PPE [31].

2.2. Adult New Intraosseous (NIO) Device

The New Intraosseous (NIO) device is a disposable, automatic,
spring-loaded device with an integrated needle stabilizer
(Figure 2). The NIO contains a set gauge cannula with
a constant insertion depth of 35 mm for adults [8]. Usually,
the location sites involve the tibia and humerus head.

Shina et al. [32] conducted a crossover study to compare the
NIO versus EZ-IO devices on animal models. Fifty medical stu-
dents were randomly allocated either to NIO or EZ-IO groups to
begin the study. The single-attempt success rate with the NIO
was 92%, while with the EZ-10, it was 88%. The NIO complications
involved the spring release blockade due to the device’s wrong
fixation on the bone, syringe attachment problems, and stylet
removal. On the other hand, the adverse events with EZ-IO were
due to dislodged IO needle, the wrong angle of the technique,
and unplugging the driller stylet. Additionally, 46% of the stu-
dents preferred NIO, whereas 54% chose EZ-10. Thus, the study
shows no statistical differences in efficiency and ease of using
those two devices (EZ-10 vs. NIO) [32].

In turn, Szarpak et al. [15] indicated the NIO device as
a better choice for 10 access when evaluating NIO and EZ-I0
devices. The randomized crossover trial involved 37 parame-
dics in simulated resuscitation. The successful insertion proce-
dure was significantly faster with the NIO device (16 s) than
EZ-I0 (26 s). Moreover, paramedics statistically more often
indicated the NIO device as easier to use [15]. The same
authors compared these two devices in a randomized cadaver
study to assess inexperienced paramedics’ ability to perform
the 10 access [33]. The first attempt success rate with both NIO
and EZ-I0 were very high (97.4% vs. 100%, respectively), and
there was no significant difference between the devices.
Notably, the IO access was obtained significantly faster with
the NIO (16.8 s) when compared to the EZ-IO device (42 s) [33].
Besides, the earlier mentioned study by Ramirez et al. [29] also

indicated NIO as a more effective and faster device for 10
insertion and significantly easier to use than BIG [29].

Interestingly, we previously compared the 10 and IV
accesses under conditions of simulated hypovolemic shock.
The randomized crossover study involved 39 physicians who
performed IV access and IO access with the NIO device.
Three different time lapses from the beginning of the pro-
cedure were measured, including establishing the access,
aspiration test, and infusion line connection. There was
a significantly lower median time in establishing and con-
firming the 10 access and connecting the infusion line when
compared to the IV access. Moreover, 92.3% of the partici-
pants indicated the |0 access as preferred in real medical
situations [34].

2.2.1. NIO-Pediatric

There is also a dedicated semi-automatic version of the NIO for
the pediatric group (NIO-P) aged 3 to 12. The 10 access
mechanism with NIO-P is similar to the adult version. The
differences involve the 15-gauge needle in the NIO adult
compared to the 18-gauge needle for children [8]. Moreover,
the NIO-P insertion depth can be changed according to the
patient’s age [35].

Many studies analyze the effectiveness of the NIO device in
pediatric patients. Feldman et al. [36] conducted a randomized
crossover study to compare emergency nurses’ and parame-
dics’ effectiveness in obtaining 10 access. The procedure
involved insertions with the NIO and EZ-IO devices in animal
models. No differences in success rates between the emer-
gency nurses and paramedics were found (79.4% vs. 83.3%,
respectively). The success and failure rates were similar in both
devices. Moreover, both groups faced similar technical com-
plications with these two devices. However, 82.3% of the
nurses and 73.3% of the paramedics indicated EZ-IO as their
first-choice device [36].

On the other hand, when NIO-P was compared to Jamshidi,
BIG, and EZ-IO devices, the success rate was 100% for NIO-P,
whereas 90% for the rest of the devices. Moreover, NIO-P was
the first-choice device of 91% of the users [37]. Similarly, in
another study, the success rate was 100% for NIO-P, whereas it
was worse for the three other devices [38].

Figure 2. NIO adult intraosseous device.
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2.3. First Access for Shock and Trauma 1 (FAST-1)

The First Access for Shock and Trauma (FAST-1) is a single self-
contained device (Figure 3), activated by manual pressure and
dedicated for sternal IO access, especially in prehospital and bat-
tlefield conditions [39]. The FAST-1 was the first FDA-approved
device for mechanical sternal 10 insertion [40]. It possesses a target
zone, which indicates the optimal insertion site in the manubrium
[21]. Moreover, after entering the marrow space, the introducer
automatically releases the infusion tube. The FAST-1 access is
a rapid, safe and effective alternative to the IV line [41].

FAST-1 is a commonly used device to obtain vascular
access in emergency settings [41]. Byars et al. [40] evaluated
the success rate and procedure time for 10 access obtained
with FAST-1 by paramedics in prehospital settings. The study
subjects included adult patients in cardiac arrest. The research-
ers reported that of the 41 attempts of FAST-1 insertions, 73%
were placed successfully. The mean time of the procedure of
the recorded 28 attempts was 67s. Among the successful
attempts, problems with adhesion, failure of needle retraction,
delayed flow, and minor bleeding were reported. On the other
hand, unsuccessful attempts were caused mainly by FAST-1
inability to deploy and infiltrate [40].

Findlay et al. [41] assessed the safety, speed of insertion,
and ease of using the FAST-1 device by paramedics in simu-
lated conditions. The mean procedure time was 96 + 31s from
the package’s opening to the site stabilization, whereas
92 + 32s to the beginning of the flow. Most participants
assessed the FAST-1 device as safer than peripheral IV access
and easier to use [41].

When FAST-1 is compared to the other 10 devices, various
researchers report divergent data. Pasley et al. [17] conducted
a study to compare the 10 infusion rates concerning different
anatomic sites on the human cadaver model. The study involved
16 cadavers on which three 10 accesses were obtained, including
sternal location with FAST-1 and proximal tibia and humeral
head with EZ-I0 device (both 25-mm and 45-mm needle length
according to the body habitus). The mean (SD) flow rate was 93.7
(37.9) mL/min in the sternum, 57.1 (43.5) mL/min in the humerus,
and 30.7 (18.7) mL/min in tibia access. The total volume of the
crystalloid infused during the 5 minutes was 469 (190) mL for the
sternum, 286 (218) mL for the humerus, and 154 (94) mL for the
tibia. Thus, the sternal site had a flow rate 1.6 times higher than in
the humerus and 3.1 times higher than in the tibia [17].
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Interestingly, in another cadaver study, researchers tried to
verify the design criteria for adult 10 infusion. The device was
tested on 106 cadavers and excised sterna. It was reported
that the FAST-1 device requires similar energy to insert the
needle when compared to Cook Sur-Fast, Cook disposable
needles, and a Sherwood 16-gauge lllinois [39]. Nevertheless,
the other devices require higher caution to avoid over pene-
tration and additional time to rotate the needle. When the
optimal penetration depth was established between 5 to
6 mm, the FAST-1 portal was successfully inserted within this
1 mm space, which tended not to penetrate when displaced.
The mean flow rate of normal and hypertonic saline with
FAST-1 was similar to that with the Cook Sur-Fast device [39].

In turn, Frascone et al. [42] compared FAST-1 and EZ-IO’s
success rate in two field trials of prehospital provider use.
Firstly, the researchers reported that of the 89 insertions with
FAST-1 and 89 with EZ-IO, the overall success rate was higher
for EZ-10 than FAST-1 (87% vs. 72%). Moreover, the time for
fluid infusion was faster with EZ-IO than with FAST-1. No
differences in the first and multiple attempts with the two
devices were reported. Additionally, no differences in the
comfort of usage or device effectiveness were noticed
between EZ-I0 and FAST-1 [42].

Sergjerd et al. [43] compared the FAST-Responder (FAST-R)
and EZ-10 in helicopter emergency medical services. Generally,
among the 53 insertions done on 49 patients, 93.9% were
successful on the first attempt. The median insertion proce-
dure time was longer for FAST-R (20 s) than EZ-IO (15 s). On
the other hand, 35.1% of the EZ-IO accesses presented poor
flow, whereas, in FAST-R, the flow was assessed as good and
very good at 85.7%. The adverse events associated with EZ-10
included extravasation (2.4%), aspiration failure (11.9%), and
insertion time >30 s (4.8%), whereas, in FAST-R, the user failure
(12.5%) and insertion time >30s (12.5%) were most commonly
reported [43]. On the other hand, when FAST-1 was compared
to other devices, including BIG and Jamshidi, the success rate
was higher for FAST-1 (89.5%) when compared to the BIG
(59.1%) and lower when compared to Jamshidi (91.7%) [25].

Vassallo et al. [44] conducted a prospective observational
study to compare the FAST-1 and EZ-IO in the military opera-
tional setting. From the total number of 195 accesses obtained
in 117 patients, 76% were done with EZ-10, whereas 24% with
FAST-1. Unfortunately, the only 111 insertions functioned prop-
erly, 58% for EZ-10, and 52% for FAST-1. The overall success was

Figure 3. Fast Access for Shock and Trauma Device (FAST-1).

49



860 A. DROZD ET AL.

higher for EZ-IO (combined tibia and humeral access 86.2%)
than FAST-1 (79.2%). Among the problems listed, the most
commonly indicated with the FAST-1 was device failure,
whereas EZ-I0’s main problem was difficulty with flushing [44].

3. Semi-Automatic dual systems devices
3.1. Easy Intraosseous Access Device (EZ-10)

Easy Intraosseous Access Device (EZ-1O) is a semi-automatic,
battery-powered 10 infusion drill with a needle set (Figure 4)
[27]. There are three different sizes of the needle, which can be
adjusted for the patients’ weight and age. The successful
procedure can be assessed by the 5 mm mark on the needle,
visible when the needle is placed correctly. The insertion sites
include proximal and distal tibia as well as the humerus.
Although the device is often used in prehospital and military
settings, it is significantly larger than the other devices [21].

Levitan et al. [45] conducted a study to assess acquired
skills using EZ-10 in the cadaver model. 99 operators, including
physicians, residents, and nonphysicians, attended short train-
ing and then performed 3 insertions. The overall rate of suc-
cessful insertions was 97.3% (96.9% for the first insertion,
94.9% for the second, and 100% for the third, respectively).
The median insertion time was 6s (interquartile range 5 to 8s).
99% of the participants indicated that they would use EZ-IO in
real medical situations [45]. Notably, EZ-IO was assessed as an
easy device for novice users.

Moreover, EZ-IO seems to be an easy and rapid alternative
to intravascular access in prehospital settings. In the prospec-
tive, cross-sectional study, Torres et al [46]. showed that from 2
vascular accesses in 107 critical and severely injured patients,
the first site of access was 100% with EZ-IO. In contrast,
the second site was peripheral venous access in 79%. The
insertion sites involved proximal tibia (49.4%), distal tibia
(25.2%), radius (14.9%), and humerus (10.5%). Importantly, all
of the EZ-10O insertions were obtained in less than 30s [46].

Figure 4. Easy intraosseous access device (EZ-10).

Comparingly, Byars, et al [47]. report an 86.5% success rate
in EZ-I0 (adult standard 15 G/25-mm needle) use among
prehospital providers; this rate is slightly lower than other
studies’ results, as approximately 55% of insertions were car-
ried out by novice users. Participating emergency medical
service (EMS) providers rated the ease of use of the EZ-IO as
7.87 on a scale of 10 (meaning highest ease of use) with
a convenience internal of 95% (7.22-8.52); insertion at the
proximal tibia was most common (93.6%), followed by the
distal femur (4.5%), and humeral head (1.8%). Overall, 111 EZ-
IO insertions were made, 96 of which were successful, includ-
ing 83 insertions (74.7%) in cardiac arrest cases and 13 inser-
tions (11.7%) in multi-trauma patients [47].

Furthermore, EZ-IO use was evaluated in out-of-hospital
management by mobile intensive care units in a study by
Gazin et al. [48]. The staff received EZ-IO training; all vehicles
were provided with the device. EZ-IO was utilized for admin-
istering fluids (16 patients), adrenaline (24 patients), and suc-
cinylcholine for intubation (5 patients). The insertion success
rate was found to be at 84% (33/39), with an increase to 97%
(38/39) after the first or second attempt. A failed attempt was
noted in a cardiac arrest patient due to an unattainable bone
marrow aspirate resulting in the insertion needle’s impossible
placement. The study results showcase the applicability of EZ-
IO in emergency cases [48].

Ngo et al. [49] evaluated the use of EZ-IO within the emer-
gency medicine department of an urban hospital, recruiting 24
patients. The study analyzed results from 35 IO insertions (tibial
and humeral), finding that all carried out 10 attempts were
successful except for 3 attempted tibial insertions; all 10 access
was achieved within 20s. Furthermore, the study showed that
obtaining IO access by residents vs. attending physicians is com-
parable with a 100% success rate for both groups. Nonetheless,
more repeated insertion attempts were made by residents as
compared to the attendings. Notably, 88.6% reported easier
insertion with the EZ-I0 than obtaining IV access [49].

Compared to NIO in simulated medical conditions, the
successful 10 access and infusion were significantly faster
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with NIO than the EZ-IO device (16s vs. 26s, respectively). EZ-
I0 was also assessed as significantly more challenging to use
than the NIO device [15]. The procedure time was significantly
longer with EZ-IO in the cadaver model, whereas the success
rate was similar for both devices (97.4% with EZ-IO vs. 100%
with NIO) [33]. Shina et al. [32] reported that both devices’
success rate was similar [32].

In turn, when EZ-IO was compared to FAST-1 based on the
success rate, the comfort of usage, 87% successfully obtained
accesses were reported with EZ-I0, whereas 72% with FAST-1.
No significant difference was found in the comfort of the
procedure or device performance [42]. Sergjerd et al. [43]
reported that the median insertion time was shorter using EZ-
I0 than FAST-1 (15s vs. 20s, respectively). On the other hand,
the flow was significantly lower with EZ-10, while the flow with
FAST-1 access was assessed as good and very good.
Extravasation and aspiration failure were observed with the
EZ-10 but not with FAST-1 [43].

EZ-10 was also compared to the BIG device, although the
reports are divergent. Shavit et al. [27] tested both devices on
the turkey bone model. They indicated that the paramedics
had a significantly higher one attempt success rate with EZ-IO
(96.5%) than with the BIG (65.5%). Moreover, EZ-IO was
assessed as more straightforward than BIG and was the parti-
cipants’ first-choice device. The only complication concerning
EZ-I0 was extravasation [27]. Sunde et al [28]. also reported
that EZ-10 is a more reliable device when compared to the BIG.
The first attempt success rate with EZ-IO was 96% in the
retrospective study, whereas only 55% with the BIG.
Moreover, various technical problems were registered while
using BIG, but none was associated with EZ-IO [28]. On the
other hand, in the prospective, randomized clinical study with
56 adult patients, the first attempt at BIG was 92.3%, whereas
with EZ-10, 84.6%. The procedure was significantly longer with
the EZ-10 (5.2 £ 2.2 s) than the BIG device (2.8 + 1.2 s). BIG was
assessed as easier to use [24]. In a similar randomized clinical
study on adult patients, no significant difference was found in
the first attempt success rate and procedure time between the
EZ-10 and BIG devices [26].

Besides, when three 10 devices were compared, including
the EZ-10, BIG, and Jamshidi needle on the manikin model, the
highest success rate was reported with the BIG (91.59%),
whereas the lowest with the Jamshidi needle (47.66%). The
success rate with EZ-IO was 82.24%. EZ-IO was also in the
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middle between the three devices concerning the ease of
usage. Moreover, within 2 minutes, 77.6% of the insertions
with the BIG device were established, whereas only 38.3% with
EZ-10 and 35.5% with Jamshidi [12]. Bielski et al. [37] com-
pared EZ-10, NIO, BIG, and Jamshidi devices in a randomized
manikin trial. The first attempt success rate was the highest
with NIO (100%), whereas the rest of the devices, including EZ-
10, were successfully inserted in 90% of attempts.
A statistically significant difference in the procedure time
was reported between NIO and EZ-IO and EZ-IO and
Jamshidi. 91% of the participants chose NIO as their first-
choice device, while only 7% preferred EZ-10 [37].

4. Manual devices
4.1. Jamshidi intraosseous device

Jamshidi 10 device was primarily known as the bone marrow
biopsy needle (Figure 5). It is a manual device that allows for
adjusting the desired insertion depth [50]. The technique
involves manual rotation and pressure. Loss of resistance dur-
ing the insertion confirms entry into the medullary space [37].
The insertion site usually involves the proximal tibia and iliac
crest [25].

Although 10 access is a good alternative for IV routes in
life-threatening conditions, the insertions with conventional
manual devices are sometimes challenging to perform [51].
Thus, Halm et al. [52] compared the Cook and Jamshidi
needles, two commonly known manual devices, on the tur-
key bone model. The study involved paramedics and pedia-
tric residents who had earlier experience with those devices,
either in humans or animals. It was shown that the time of
insertion was shorter for Jamshidi devices (25.5 s) than for
the Cook needle (56.2 s). Furthermore, Jamshidi was assessed
as more comfortable to use, and only one complication
associated with this technique was reported. On the other
hand, the adverse events associated with Cook included 15
broken and 5 bent needles [52].

There are also reports that the procedure with Jamshidi
manual devices might be shorter in the available literature
compared to mechanical devices. Hartholt et al. [25] per-
formed a randomized, controlled trial with 87 trauma patients,
including adults and children, to compare Jamshidi, BIG and
FAST-1 devices. They concluded that in both the adult and

Figure 5. Jamshidi intraosseous device.
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pediatric groups, the Jamshidi had the shortest insertion time.
No noteworthy differences were identified in the success rate,
user-friendliness, and complication rate among the devices.
Nevertheless, there seemed to be a trend in favor of the
Jamshidi device, especially concerning adverse events. Only
three of the 21 complications reported among adults were
due to the Jamshidi manual device, whereas in the pediatric
group, no adverse events associated with the manual device
were reported [25].

Interestingly, Calkins et al. [50] evaluated the potential of
manual and mechanical 10 devices in the simulated Military
Special Operations environment. All four devices, including
Jamshidi, SurFast screw-tipped 10 needle, FAST and BIG,
were tested randomly by the 31 special operations medical
providers. Although the success rate was similar among the
four devices, the FAST insertion was significantly longer than
other devices. The success rate did not improve with the
number of devices tested. All of the devices were assessed
as easy to learn and friendly to use, and there was no sig-
nificant difference in the first-choice device indication [50].

In turn, Kurowski et al. [12] compared three devices, includ-
ing BIG, EZ-1O, and Jamshidi, in simulated resuscitation. In the
crossover study, 107 paramedics were randomly assigned to 3
groups. The success rate was 91.59% for BIG, 82.24% for EZ-IO,
whereas only 47.66% for Jamshidi devices. The mean proce-
dure time was the longest for Jamshidi (4.2 £ 1.0 minutes)
when compared to BIG (20 = 0.7 minutes) and EZ-IO
(3.1 £ 0.9 minutes) devices. Moreover, Jamshidi was assessed
as the most difficult to use [12]. We have previously obtained
similar results when evaluating the effectiveness of BIG and
Jamshidi usage in simulated conditions by 40 paramedics with
special PPE. The time for obtaining 10 access was shorter using
BIG in the group with and without the PPE than the Jamshidi
device [53]. Additionally, the success rate of |0 access with PPE
was higher than IV access [31].

Nowadays, all devices are also widely used in pediatric care,
including NIO, BIG, EZ-IO, and Jamshidi, although NIO data is
limited [37]. Thus, Bielski et al. [37] conducted a randomized
crossover study to compare the effectiveness of NIO to the
BIG, EZ-IO, and Jamshidi devices during simulated pediatric
resuscitation. Regarding the Jamshidi device, significant differ-
ences in the procedure’s success rate and time were observed
compared to BIG, EZ-I0, and NIO. The success rate among the
87 paramedics was 100% for NIO and 90% for the rest of the
devices. The time to obtain IO access ranged from 9s [8-12,
mean and interquartile range] for NIO to 15s [13-19, mean
and interquartile range] for the Jamshidi device. Significantly,
91% of the paramedics assessed NIO as the most comfortable
device, whereas none would like to use the Jamshidi device
[371. Similarly, we have reported [38] that the effectiveness of
Jamshidi usage was the worst. In this simulated study, 75
physicians used the devices on a pediatric manikin and turkey
bone. The first attempt success rate was 43% for Jamshidi
compared to 100% for NIO-P, 97% for EZ-10, and 90% for
BIG-P. The complications causing such disparity involved nee-
dle bent and chipped bone. Moreover, the procedure time
was much longer with the Jamshidi device than NIO-P, EZ-10,
and BIG-P. Similarly, none of the participants indicated
Jamshidi as a first-choice device [38].

5. Conclusions

Prompt intravascular access is crucial in the management of
patients in the emergency and trauma setting. 10 devices may
be utilized in emergency settings such as patient resuscitation
yielding high success rates in obtaining vascular access and
low complication rates. However, |0 devices use presents with
the following challenges: i) insertion at the wrong site, ii)
technical malfunction with the device stylet or catheter), or
i) leakage of fluid when the catheter is misplaced.

Notably, appointing one IO device as the best is challen-
ging because of each device’s effectiveness and application
difficulties. For example, it was demonstrated that NIO-P was
the most effective device compared to Jamshidi, BIG, and EZ-
IO devices in pediatric settings, but harder to apply as the
applicators assessed EZ-10 is easier to use [37,38]. On the other
hand, in one study, the comparison between NIO and EZ-IO
revealed that the successful 10 access and infusion was sig-
nificantly faster with NIO than the EZ-IO device, and NIO was
also assessed as significantly more straightforward to use than
the EZ-IO device [15]. The abovementioned, significantly
higher number of paramedics assessed NIO as the most com-
fortable device (compared to EZ-IO, BIG, and Jamshidi),
whereas none would like to use the Jamshidi device [37].
Moreover, the procedure time was much longer with the
Jamshidi device than NIO-P, EZ-IO, and BIG-P [37,54]. This
can be a result of the manual settings of the Jamshidi device.
Thus, 10 devices considered more technical present with fewer
challenges in use and can be used by health professionals at
different degrees of training, including beginners.

6. Expert opinion

Medical technology development contributes to an increasing
number of intraosseous devices facilitating vascular access in
challenging scenarios, including cardiopulmonary resuscitation,
anaphylactic, or hypovolemic shock. Each of these devices may
provide an effective route for fluid resuscitation, drug delivery,
laboratory evaluation, and shortening the timeframe for estab-
lished vascular access, provided that the person obtaining the
access is acquainted with the use of the device.

Furthermore, use of 10 devices should be explored in
polytrauma cases, including pelvic and other bone injuries.
As discussed by Meccariello et al. [55] and Grubor et al. [56],
among the most complex trauma injuries are pelvic fractures
and post-injury bone defects contingent on the management
of related soft tissue injuries respectively. Meccariello et al.,
study of 98 patients with pelvic injury to design a new score
system addressing the aftermath of such fractures, and
Grubor et al., war trauma study on the methods of post gun-
shot fracture treatments, showed the criticality of considering
the on-the-scene response and provision of vascular access
for fluid and pharmacotherapy in such a life-threatening con-
dition. Comparably, Rollo et al. [57] and Fortina et al. [58], in
their studies, indirectly highlight the importance of 10 devices
in polytrauma requiring immediate response for which 10
access would be suitable. Rollo et al. found that sport-
related trauma sustained by Jockeys all too frequent with
96.1% of races resulting in at least one fall and in 28.6% of
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the races, 50% or more jockeys falling with jockey taken to
the emergency room in 43.3%; an incidence rate which only
increases with Palio races, as discussed by the Rollo et al. [57].

6.1. Five-year review

IO devices used to obtain vascular access has been well known
for many decades, particularly in pediatric emergency settings.
Current medical techniques and materials allow various types of
devices for adults, especially in trauma settings. IO devices’ broad
use in emergency and trauma environments would increase the
number of successful first-attempt vascular access under challen-
ging scenarios. Within the next few years, further development in
and use of 10 devices is expected. The most important is more
significant clinical experience in the already available 10 devices.
All of the devices discussed in this review are currently used in
prehospital and in-hospital emergency environments.

Acknowledgments

The paper was supported by the ERC Research Net and the Polish Society
of Disaster Medicine.

Funding

This paper was not funded.

Declaration of interest

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

References

1. Farrokh S, Cho S-M, Lefebvre AT, et al. Use of intraosseous hyper-
tonic saline in critically ill patients. J Vasc Access. 2019;20
(4):427-432.

2. Engels PT, Erdogan M, Widder SL, et al. Use of intraosseous devices
in trauma: a survey of trauma practitioners in Canada, Australia and
New Zealand. Can J Surg. 2016;59(6):374-382.

3. Bonanno FG. Clinical pathology of the shock syndromes. J Emerg
Trauma Shock. 2011;4(2):233-243.

4. Dabrowska A, Dabrowski M, Bielski K, et al. Intraosseous access —
future, present and everyday life. Disaster Emerg Med J. 2017;2
(1):19-26.

5. Link MS, Berkow LC, Kudenchuk PJ, et al. Part 7: adult advanced
cardiovascular life support: 2015 American heart association guide-
lines update for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation. 2015;132(18_suppl_2):5444-64.

6. Soar J, Nolan JP, Bottiger BW, et al. European resuscitation council
guidelines for resuscitation 2015: section 3. adult advanced life
support. Resuscitation. 2015;95:100-147.

7. Deakin CD, Nolan JP, Soar J, et al. European resuscitation council
guidelines for resuscitation 2010 section 4. adult advanced life
support. Resuscitation. 2010;81:1305-1352.

53

20.

21.

22.

23.

24,

25.

26.

27.

28.

EXPERT REVIEW OF MEDICAL DEVICES . 863

. Szarpak L, Truszewski Z, Smereka J, et al. A randomized cadaver

study comparing first-attempt success between tibial and humeral
intraosseous insertions using NIO device by paramedics:
a preliminary investigation. Medicine (Baltimore). 2016;95(20):e3724.

. Bouillon B, Probst C, Maegele M, et al. [Emergency room manage-

ment of multiple trauma: ATLS® and S3 guidelines]. Chirurg.
2013;84(9):745-752.

. Joanne G, Stephen P, Susan S. Intraosseous vascular access in

critically ill adults—-a review of the literature. Nurs Crit Care.
2016;21(3):167-177.

. Whitney R, Langhan M. Vascular access in pediatric patients in the

emergency department: types of access, indications, and
complications. Pediatr Emerg Med Pract. 2017;14:1-20. Available
https://www.ncbi.nlm.nih.gov/pubmed/28562239

. Kurowski A, Timler D, Evrin T, et al. Comparison of 3 different

intraosseous access devices for adult during resuscitation.
Randomized crossover manikin study. Am J Emerg Med. 2014;32
(12):1490-1493.

. Pearce P. Preparing to care for paediatric trauma patients. J R Army

Med Corps. 2015;161(Suppl 1):i52-i55.

. Hammer N, Mobius R, Gries A, et al. Comparison of the fluid

resuscitation rate with and without external pressure using two
intraosseous infusion systems for adult emergencies, the CITRIN
(Comparison of InTRaosseous infusion systems in emergency
medicINe)-study. PLoS One. 2015;10(12):e0143726.

.t S, £ C, Woloszczuk-Gebicka B, et al. Comparison of NIO and EZ-IO

intraosseous access devices in adult patients under resuscitation
performed by paramedics: a randomized crossover manikin trial.
Am J Emerg Med. 2016;34(6):1166-1167.

. Ker K, Tansley G, Beecher D, et al. Comparison of routes for achiev-

ing parenteral access with a focus on the management of patients
with Ebola virus disease. Cochrane Database Syst Rev. 2015;
CD011386. DOI:10.1002/14651858.CD011386.pub2.

. Pasley J, Miller CHT, DuBose JJ, et al. Intraosseous infusion rates

under high pressure: a cadaveric comparison of anatomic sites.
J Trauma Acute Care Surg. 2015;78(2):295-299.

. Reuter-Rice K, Patrick D, Kantor E, et al. Characteristics of children

who undergo intraosseous needle placement. Adv Emerg Nurs J.
2015;37(4):301-307.

. Isayama K, Nakatani T, Tsuda M, et al. Current status of establishing

a venous line in CPA patients by emergency life-saving technicians
in the prehospital setting in Japan and a proposal for intraosseous
infusion. Int J Emerg Med. 2012;5(1):1-8.

Nadler R, Gendler S, Chen J, et al. The Israeli defense force experi-
ence with intraosseous access. Mil Med. 2014;179(11):1254-1257.
Day MW, Day MW. Intraosseous devices for intravascular access in
adult trauma patients. Crit Care Nurse. 2011;31(2):76-90.

Olaussen A, Williams B. Intraosseous Access in the Prehospital
Setting: literature Review. Prehosp Disaster Med. 2012;27
(5):468-472.

Gerritse BM, Scheffer GJ, Draaisma JMT. Prehospital intraosseus access
with the bone injection gun by a helicopter-transported emergency
medical team. J Trauma Acute Care Surg. 2009;66(6):1739.

Demir OF, Aydin K, Akay H, et al. Comparison of two intraosseous
devices in adult patients in the emergency setting: a pilot study.
Eur J Emerg Med. 2016;23(2):137.

Hartholt KA, van Lieshout EMM, Thies WC, et al. Intraosseous
devices: a randomized controlled trial comparing three intraoss-
eous devices. Prehosp Emerg Care. 2010;14(1):6-13.

Leidel BA, Kirchhoff C, Braunstein V, et al. Comparison of two
intraosseous access devices in adult patients under resuscitation
in the emergency department: a prospective, randomized study.
Resuscitation. 2010;81(8):994-999.

Shavit I, Hoffmann Y, Galbraith R, et al. Comparison of two mechan-
ical intraosseous infusion devices: a pilot, randomized crossover
trial. Resuscitation. 2009;80(9):1029-1033.

Sunde GA, Heradstveit BE, Vikenes BH, et al. Emergency intraoss-
eous access in a helicopter emergency medical service:
a retrospective study. Scand J Trauma Resusc Emerg Med.
2010;18(1):52.


https://www.ncbi.nlm.nih.gov/pubmed/28562239
https://doi.org/10.1002/14651858.CD011386.pub2

864 A. DROZD ET AL.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Garau Ramirez J, Truszewski Z, Drozd A. Comparison of two
intraosseous access devices employed during simulated cardiopul-
monary resuscitation. A prospective, randomized, crossover, mani-
kin study. Disaster Emerg Med J. 2016;1(1):24-29.

Eisenkraft A, Gilat E, Chapman S, et al. Efficacy of the bone injection
gun in the treatment of organophosphate poisoning. Biopharm
Drug Dispos. 2007;28(3):145-150.

Drozd A, Smereka J, Filipiak KJ, et al. Intraosseous versus intravenous
access while wearing personal protective equipment: a meta-analysis
in the era of COVID-19. Kardiol Pol. 2021;79(3):277-286.

Shina A, Baruch EN, Shlaifer A, et al. Comparison of two intraoss-
eous devices: the NIO versus the EZ-IO by novice
users-a randomized cross over trial. Prehosp Emerg Care. 2017;21
(3):315-321.

Szarpak L, Truszewski Z, Smereka J, et al. Ability of paramedics to
perform intraosseous access. A randomized cadaver study compar-
ing EZ-10(®) and NIO(®) devices. Resuscitation. 2016;104:e5-6.
Drozd A, Smereka J, Bialka S, et al. Intraosseous route as a method
of intravascular access in life-threatening conditions. Randomized
crossover study. International Review of Medical Practice.
2019;25:13-18.

NIO-P product sheet. In: persysmedical [Internet]. Access on 11/03/
2021. Available: https://persysmedical.com/wp-content/uploads/
2018/03/NIO-P-Product-Sheet_rev.5_compressed.pdf

Feldman O, Nasrallah N, Bitterman Y, et al. Pediatric intraosseous
access performed by emergency department nurses using semiau-
tomatic devices: a randomized crossover simulation study. Pediatr
Emerg Care. 2018;Publish Ahead of Print. DOI:10.1097/
PEC.0000000000001621.

Bielski K, Szarpak L, Smereka J, et al. Comparison of four different
intraosseous access devices during simulated pediatric resuscita-
tion. A randomized crossover manikin trial. Eur J Pediatr. 2017;176
(7):865-871.

Szarpak L, Ladny JR, Dabrowski M, et al. Comparison of 4 pediatric
intraosseous access devices: a randomized simulation study.
Pediatr Emerg Care. 2020;36:e568-e572.

Johnson DL, Findlay J, Macnab AJ, et al. Cadaver testing to validate
design criteria of an adult intraosseous infusion system. Mil Med.
2005;170(3):251-257.

Byars DV, Tsuchitani SN, Erwin E, et al. Evaluation of success rate
and access time for an adult sternal intraosseous device deployed
in the prehospital setting. Prehosp Disaster Med. 2011;26
(2):127-129.

Findlay J, Johnson DL, Macnab AJ, et al. Paramedic evaluation of
adult Intraosseous Infusion System. Prehosp Disaster Med. 2006;21
(5):329-334.

Frascone RJ, Jensen JP, Kaye K, et al. Consecutive field trials using
two different intraosseous devices. Prehosp Emerg Care. 2007;11
(2):164-171.

Sergjerd R, Sunde GA, Heltne J-K. Comparison of two different
intraosseous access methods in a physician-staffed helicopter

54

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

emergency medical service - a quality assurance study. Scand
J Trauma Resusc Emerg Med. 2019;27(1):15.

Vassallo J, Horne S, Smith JE. Intraosseous access in the military
operational setting. J R Nav Med Serv. 2014;100:34-37. 1

Levitan RM, Bortle CD, Snyder TA, et al. Use of a battery-operated
needle driver for intraosseous access by novice users: skill acquisi-
tion with cadavers. Ann Emerg Med. 2009;54(5):692-694.

Torres F, Galan MD. Alonso M del M, Suarez R, Camacho C, Almagro
V. Intraosseous access EZ-IO in a prehospital emergency service.
J Emerg Nurs. 2013;39:511-514.

Byars DV, Tsuchitani SN, Yates J, et al. A multijurisdictional experi-
ence with the EZ-0 intraosseous device in the prehospital setting.
Am J Emerg Med. 2013;31(12):1712-1713.

Gazin N, Auger H, Jabre P, et al. Efficacy and safety of the EZ-I0™
intraosseous  device:  out-of-hospital  implementation  of
a management algorithm for difficult vascular access.
Resuscitation. 2011;82(1):126-129.

Ngo AS-Y, Oh JJ, Chen Y, et al. Intraosseous vascular access in
adults using the EZ-IO in an emergency department. Int J Emerg
Med. 2009;2(3):155-160.

Calkins MD, Fitzgerald G, Bentley TB, et al. Intraosseous infusion
devices: a comparison for potential use in special operations.
J Trauma. 2000;48(6):1068-1074.

Ohchi F, Komasawa N, Mihara R, et al. Comparison of mechanical
and manual bone marrow puncture needle for intraosseous access;
a randomized simulation trial. Springerplus. 2015;4(1):1-5.

Halm B, Yamamoto LG. Comparing ease of intraosseous needle place-
ment: jamshidi versus cook. Am J Emerg Med. 1998;16(4):420-421.
Szarpak L, Ramirez JG, Buljan D, et al. Comparison of bone injection
gun and jamshidi intraosseous access devices by paramedics with
and without chemical-biological-radiological-nuclear personal pro-
tective equipment: a randomized, crossover, manikin trial. Am
J Emerg Med. 2016;34(7):1307-1308.

Robak O, Pruc M, Malysz M, et al. Pre-filled syringes with adrenaline
during cardiopulmonary resuscitation in nonshockable rhythms.
Pilot randomised crossover simulation study. Disaster Emerg Med
J. 2020;5(2):79-84.

Meccariello L, Razzano C, De Dominicis C, et al. A new prognostic
pelvic injury outcome score. Med Glas (Zenica). 2021 Feb 1;18
(1):299-308. PMID: 33307634.

Grubor P, Milicevic S, Grubor M, et al. Treatment of bone defects in
war wounds: retrospective study. Med Arch. 2015 Aug 4 Epub 2015
Aug 4. PMID: 26543315; PMCID: PMC4610601;69(4):260-264.

Rollo G, Falzarano G, Ronga M, et al. Challenges in the manage-
ment of floating knee injuries: results of treatment and outcomes
of 224 consecutive cases in 10 years. Injury. 2019 Aug;50(Suppl 4):
S30-S38. Epub 2019 Mar 19. PMID: 30910244.

Fortina M, Maniscalco P, Carulli C, et al. Jockey injuries during the
Siena “Palio.” A 72-year analysis of the oldest horse race in Italy.
Injury. 2019 Aug;50(Suppl 4):556-S59. Epub 2019 Mar 19. PMID:
30910241.


https://persysmedical.com/wp-content/uploads/2018/03/NIO-P-Product-Sheet_rev.5_compressed.pdf
https://persysmedical.com/wp-content/uploads/2018/03/NIO-P-Product-Sheet_rev.5_compressed.pdf
https://doi.org/10.1097/PEC.0000000000001621
https://doi.org/10.1097/PEC.0000000000001621

American Journal of Emergency Medicine 49 (2021) 189-194

American Journal of Emergency Medicine

journal homepage: www.elsevier.com/locate/ajem

Contents lists available at ScienceDirect The

American Journal of
Emergency Medicine

Comparison of intravascular access methods applied by nurses wearing )

Check for

personal protective equipment in simulated COVID-19 resuscitation: e
A randomized crossover simulation trial

Anna Drozd, MD?, Jacek Smereka, PhD, MD ®, Michal Pruc, MS ?, Marek Malysz, MSc, EMT-P?,
Aleksandra Gasecka, PhD, MD ¢, Leyla Ozturk Sonmez, PhD, MD €, Maciej Cyran, MD,
Lars Konge, PhD 8, Lukasz Szarpak, PhD, MBA #*

2 Polish Society of Disaster Medicine, Warsaw, Poland

b Department of Emergency Medical Service, Wroclaw Medical University, Wroclaw, Poland

¢ Department of Cardiology, University Medical Center Utrecht, Utrecht, the Netherlands

4 1st Chair and Department of Cardiology, Medical University of Warsaw, Poland

¢ Department of Emergency Medicine, Beyhekim Training and Research Hospital, Konya, Turkey

f Maria Sklodowska-Curie Medical Academy in Warsaw, Poland

& Copenhagen Academy for Medical Education and Simulation, Centre for HR and Education, University of Copenhagen, Copenhagen, Denmark
" Maria Sklodowska-Curie Bialystok Oncology Center, Bialystok, Poland

ARTICLE INFO

Article history:
Received 28 February 2021

Received in revised form 3 May 2021

Accepted 29 May 2021

Keywords:

Intraosseous access
Intravascular access

Child

Cardiopulmonary resuscitation
Personal protective equipment
COVID-19

SARS-CoV-2

Coronavirus

Infection

Medical simulation

ABSTRACT

Background: Prehospital emergency care of children is challenging. In the era of the COVID-19 pandemic, when
medical personnel should use personal protective equipment against aerosol-generating procedures, the effi-
ciency of medical procedures may decrease. The study objective was to evaluate the effectiveness of different in-
travascular access methods applied by nurses wearing biosafety Level-2 suits in simulated paediatric COVID-19
resuscitation.
Methods: A prospective, randomized, crossover, single-blinded simulation trial was performed. Nursing staff at-
tending Advanced Cardiovascular Life Support courses accredited by the American Heart Association participated
in the study. A total of 65 nurses were recruited and randomly assigned to different study groups. They received
standard training on intravascular access methods employing distinct devices. The participants wore biosafety
Level-2 suits and performed vascular access with the following intraosseous devices: NIO-P, EZ-10, and Jamshidi
needle; intravenous (IV) access was used as a reference method. Both the order of participants and the access
methods were random. Each participant performed intravascular access with each of the four methods tested.
The effectiveness of the first attempt to obtain intravascular access and the following time parameters were
analysed: the time between grasping the intravascular device out of the original packing until infusion line con-
nection. The ease of the procedure was measured with a visual analogue scale (1 - easy; 10 - difficult).
Results: The first attempt success rate of intravascular access by using NIO-P and EZ-10 equalled 100% and was
statistically significantly higher than that with the Jamshidi needle (80.0%; p = 0.02) and with the IV method
(69.2%; p = 0.005). The time required to connect the infusion line varied and amounted to 33 =+ 4 s for NIO-P
compared to 37 4 6.7 s for EZ-10 (p < 0.001), 43 & 7 s for Jamshidi (p < 0.001), and 98.5 &+ 10 s for IV access
(p <0.001). The procedure was easiest in the case of NIO-P and EZ-10 (2 4 1 points; p = 1.0) compared with
Jamshidi (5 4 3 points; p < 0.001) and IV access (7 + 2 points; p <0.001).
Conclusion: The study provides evidence that nurses wearing biosafety Level-2 suits were able to obtain
intraosseous access faster and more effectively as compared with IV access during simulated COVID-19 paediatric
resuscitation. The most effective method of intravascular access was the NIO-P intraosseous device. Further clin-
ical trials are necessary to confirm the results.

© 2021 Elsevier Inc. All rights reserved.

Abbreviations: AGP, Aerosol generating procedures; CI, Confidence interval; 10, Intraosseous access; IRB, Institutional Review Board; IV, Intravenous access; MD, Mean difference; OR,

Odds ratio; PPE, Personal protective equipment.
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1. Introduction

The world is struggling with the COVID-19 pandemic. A total of
152,871,267 cases of COVID-19 were reported as of May 3rd, 2020,
with a mortality rate of 2.1%. Severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) continues to cause an international health
crisis through the coronavirus disease named COVID-19. The safety of
medical personnel in the time of the pandemic is extremely impor-
tant owing to the risk of coronavirus transmission. Respiratory infec-
tions can be transmitted through droplets of different sizes: when the
droplet particles are >5-10 pm in diameter, they are called respira-
tory droplets, and those <5 pm in diameter are referred to as droplet
nuclei[1,2]. According to the existing evidence, COVID-19 virus is pri-
marily transmitted between people through respiratory droplets and
contact routes [3]. As a result, healthcare workers performing medi-
cal procedures with close contact with infected patients are particu-
larly exposed. Current World Health Organization guidelines
concerning personal protective equipment (PPE) and infection con-
trol are based on the assumption of the primary mechanism of trans-
mission. A number of studies have shown an association between
aerosol-generating procedures (AGP) and healthcare worker infec-
tion during the SARS-CoV-1 and SARS-CoV-2 epidemic [4-7]. There-
fore, if cardiopulmonary resuscitation is undertaken, the medical
personnel should wear PPE suitable for AGP because of the potential
risk of infection [8,9].

Intravascular access is a key procedure performed in life-
threatening situations and an essential element of cardiopulmonary re-
suscitation [10]. Obtaining vascular access under emergency conditions,
including cardiopulmonary resuscitation, may be difficult owing to the
collapsed vascular bed or time pressure and patient movements caused
by chest compressions. Numerous studies indicate that achieving pe-
ripheral intravenous (IV) access in children is generally more difficult
than in adults [11,12]. Intraosseous access constitutes an alternative
to IV access. In a study by Reades et al. [13], tibial intraosseous access
was characterized by a higher first-attempt success rate and more
rapid time for vascular access in adults during out-of-hospital cardiac
arrest compared with peripheral IV access. The superiority of
intraosseous access over IV access in the conditions of simulated cardio-
pulmonary resuscitation of children was demonstrated by Bielski et al.
[14], however, this study was conducted under conditions where par-
ticipants were not wearing protective suits. Bielski et al. demonstrated
in their study the advantage of NIO-P intraosseous access device over
BIG®, EZ-I0®, and Jamshidi devices. This advantage concerned both
the reduction of the procedure duration, with the simultaneous highest
first attempt success rate and easiest procedure to operate even by nov-
ice users.

However, none of the above-mentioned studies was conducted
under simulated COVID-19 patient resuscitation conditions. Due to the
prevailing pandemic, when emergency medical service personnel
should treat any patient as potentially infected, procedures should be
performed wearing PPE-AGP. Providing vascular access when using
protective suits may reduce the effectiveness of the intravascular access,
as well as extend the duration of the procedure. The meta-analysis pub-
lished by Drozd et al. confirms this [15], in which the authors confirmed
that the use of PPE significantly prolongs the duration of endovascular
procedures in adults.

In this prospective, randomized, crossover study, we sought to de-
termine if wearing a biosafety Level 2 suit had an impact on the time
to obtain successful intravascular access and the first-pass success
rates with different intravascular access methods in a paediatric
model. Secondary objectives were to determine the preferred intravas-
cular access modality with PPE and the barriers associated with intra-
vascular access with PPE.
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2. Material and methods
2.1. Study design and participants

The trial protocol was approved by the Institutional Review Board of
the Polish Society of Disaster Medicine (No. 11.01.20.IRB). Study was
designed as a prospective, randomized, crossover, single-blinded trial.
The study was performed between January and August 2020 among
nursing staff, in a medical simulation setting.

Overall, 65 nurses participating in Advanced Cardiovascular Life
Support courses accredited by the American Heart Association were in-
volved in the study after providing their voluntary written informed
consent. The usage of all study devices was explained to them. The par-
ticipants received no compensation for the enrolment. No participant
was excluded during the study process.

2.2. Devices
The devices used in the study were the following (Fig. 1):

» The NIO-Paediatric (NIO-P; New Intraosseous PerSys Medical, Hous-
ton, TX, USA), which is a spring-loaded automatic intraosseous access
device designed for patients aged 3-12 years. This single-package de-
vice contains an 18-gauge needle, a stylet, and a needle stabilizer. The
location arrows on the device assist in finding the correct intraosseous
tibial position in paediatric patients [14].

The 10 drill Arrow® EZ-IO® (EZ-10; Teleflex Medical, Research Trian-
gle Park, NC, USA), a device composed of a battery-powered vascular
access driver with an integrated driller stylet-tipped 15-gauge needle.
In the current study, a 15-mm-long needle was used, recommended
for placement in the proximal tibia in 3-39-kg patients.

Jamshidi intraosseous needle (Jamshidi; Baxter HealthCare Corpora-
tion, Deerfield, IL, USA), which is a 15-gauge device inserted manually
with the use of pressure and rotation. An adjustable guard helps con-
trol the needle insertion depth.

As a reference method, a standard IV access was used. A peripheral
IV catheter with an injection port was applied (20G size, Vasofix®
Brauniile®, B. Braun Melsungen, Melsungen, Germany) [16] and the
participants performed IV access within the cubital fossa.

2.3. Study procedure

Prior to the study, all participants took part in a 30-min theoretical
training on the use of intraosseous accesses during cardiopulmonary re-
suscitation. At the end of the training, they received instructions on
obtaining correct vascular access with particular devices. Next, the
nurses took part in a practical session during which they had an oppor-
tunity to perform intraosseous access with the tested devices in an adult
manikin under normal conditions.

The proper study was conducted on the following day. A Pedi HAL®
S3005 simulator, designed as a 5-year-old patient, was used to simulate
a child with suspected/confirmed COVID-19 requiring cardiopulmonary
resuscitation with vascular access (Supplementary Fig. 1). The simulator
was placed on a stretcher (Stryker, Kalamazoo, MI, USA). Chest com-
pressions were performed with the LUCAS 3 mechanical chest compres-
sion system (Stryker, Kalamazoo, MI, USA) to standardize the difficulties
resulting from the patient movement during the procedure.

As PPE, biosafety Level 2 suits were used, which comprise boot
covers, protective overalls, inner nitrile gloves, a hood, an FFP3 mask,
panoramic and self-ventilated protective goggles, and outer nitrile
gloves [17].
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Fig. 1. Intraosseous access devices used in the trial: (A) NIO-Paediatric device; (B) EZ-I0 device; (C) Jamshidi needle; (D) intravenous cannula.

Both the order of participants and the methods of obtaining vascular
access were random. The Research Randomizer system (randomizer.
org) was used for this purpose. We divided the study participants into
four groups, the first of which started intravascular access with the
NIO-P device, the second with the EZ-10, the third with the Jamshidi
needle, and the fourth with intravascular access with standard intrave-
nous cannula. The participants had one attempt to gain vascular access
for each of the methods. After completing the vascular access, the nurse
had a 5-min break and then performed vascular access with another
method. The randomization procedure is described in detail in Fig. 2.

ENROLLMENT

2.4. Outcome measures

The primary outcome of the study was the success rate of the first in-
travascular access attempt in the paediatric resuscitation model. The
secondary outcomes were the procedure time defined as a time be-
tween grasping the intravascular device out of the original packing
until infusion line connection. We also investigated preferences regard-
ing intravascular access modalities with PPE and the barriers associated
with intravascular access with PPE. The ease of the procedure was mea-
sured with a visual analogue scale (1 - easy; 10 - difficult).
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Fig. 2. Randomization flow chart in accordance with the CONSORT statement.
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Table 1
Effectiveness of intravenous access

Parameter Intravascular access type

NIO EZ-10 Jamshidi I\%
Success rate % 65 (100%) 65 (100%) 52 (80.0%) 45 (69.2%)
Procedure time, s 33+4 37+6.7 43 +7 98.5 + 10

Ease of use 2+1 241 543 742
Preferences of use 51 (78.5%) 14 (21.5%) 0(0.0%) 0 (0.0%)

2.5. Statistical analysis

The sample size was calculated with the G*Power 3.1 software
(Cohen's d: 0.8; alpha error: 0.05; power: 0.95). The calculation implied
a minimum of 53 necessary participants. To ensure a safety margin, we
recruited 65 participants in the study.

All study data were entered into an electronic database (Microsoft
Excel 2015, Microsoft Corp., Redmond, WA, USA) and then statistical
analyses were performed by using Statistica 13.4EN software (Tibco
Inc., Tulsa, OK, USA). At the stage of the statistical analysis, the data
were blinded. Descriptive statistics are reported as numbers and per-
centages for categorical data and means and standard deviations or me-
dians and interquartile ranges for continuous variables. The
intravascular access devices were compared in terms of insertion
times, success rates, adverse events that occurred during placement,
ease of use, and user satisfaction. The Kolmogorov-Smirnov test was ap-
plied to test the data for normality. We compared qualitative variables
by Fisher exact test and Kruskal-Wallis test. Continuous data, including
time to obtain successful intravascular access, underwent testing with
the analysis of variance (ANOVA). A two-tailed p value of 0.05 was con-
sidered significant.
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3. Results
3.1. Participants

Overall, 65 nurses (57 females, 87.7%) participated in the study, and
none of them had previous experience with intravascular access with
biosafety Level 2 or higher suit. The subjects' mean age was 42.5 +
16.3 years, and the mean work experience equalled 21.5 + 13.7 years.

3.2. Primary outcomes

The first attempt success rate of intraosseous access by using NIO-P
and EZ-10 equalled 100% and was statistically significantly higher than
that with Jamshidi (80.0%; p = 0.02) and with the IV method (69.2%;
p <0.001).

3.3. Secondary outcomes

Detailed statistical analyses are presented in Tables 1 and 2. The time
required to obtain intravascular access for NIO-P was 33 + 4 s and
turned out statistically significantly shorter than that for EZ-10 (37 +
6.7 s; p < 0.001), Jamshidi (43 4+ 7 s; p < 0.001) and IV access (98.5 +
10s; p < 0.001). There was also a statistically significant reduction in
the time of intravascular access between EZ-I0 vs. Jamshidi
(p <0.001) and EZ-10 vs. IV access (p < 0.001).

The ease of intravascular access by using NIO-P, as well as EZ-10 was
assessed at 2 4 1 points in the visual analogue scale score. In the case of
Jamshidi, the procedure ease was determined at 5 4+ 3 points
(p <0.001), while the most difficult procedure to obtain intravascular
access was the IV method (7 + 2 points; p <0.001).

Table 2
Statistical analysis of study results.

Parameter Comparison OR / MD (95%CI) p-Value

Success rate NIO vs. EZ-10 OR = 0.00 (—0.03,0.03) 1.0
NIO vs. Jamshidi OR = 33.69 (1.96, 579.98) 0.02
NIO vs. IV OR = 59.02 (3.48, 1000.95) 0.005
EZ-10 vs. Jamshidi OR = 33.69 (1.96, 579.98) 0.02
EZ-10 vs. IV OR = 59.02 (3.48, 1000.95) 0.005
Jamshidi vs. IV OR = 1.78 (0.80, 3.97) 0.16

Procedure time NIO vs. EZ-10 MD = —4.00 (—5.90, —2.10) <0.001
NIO vs. Jamshidi MD = —10.00 (—11.96, —8.04) <0.001
NIO vs. IV MD = —65.50 (—68.12, —62.88) <0.001
EZ-10 vs. Jamshidi MD = —6.00 (—8.36, —3.64) <0.001
EZ-10 vs. IV MD = —61.50 (—64.43, —58.57) <0.001
Jamshidi vs. IV MD = —55.50 (—58.47, —52.53) <0.001

Ease of use NIO vs. EZ-I0 MD = 0.00 (—0.34, 0.34) 1.0
NIO vs. Jamshidi MD = —3.00 (—3.77, —2.23) <0.001
NIO vs. IV MD = —5.00 (—5.54, —4.46) <0.001
EZ-10 vs. Jamshidi MD = —3.00 (—3.77, —2.23) <0.001
EZ-10 vs. IV MD = —5.00 (—5.54, —4.46) <0.001
Jamshidi vs. IV MD = —2.00 (—2.88, —1.12) <0.001

Preferences of use NIO vs. EZ-10 OR = 13.27 (5.75, 30.63) <0.001
NIO vs. Jamshidi OR = 465.28 (27.11, 7985.28) <0.001
NIO vs. IV OR = 465.28 (27.11, 7985.28) <0.001
EZ-10 vs. Jamshidi OR = 36.88 (2.15, 633.01) 0.01
EZ-10 vs. IV OR = 36.88 (2.15, 633.01) 0.01
Jamshidi vs. IV NA NA

Legend: NA = Not applicable; MD = Mean Difference; OR = Odds Ratio; CI = Confidence Interval.

A two-tailed p value of 0.05 was considered significant.
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The study participants indicated NIO-P in 78.5% of cases and EZ-I0 in
21.5% (p <0.001) of cases as the method they preferred in terms of clin-
ical practice use. None of the subjects pointed at Jamshidi or IV access as
their method of choice.

4. Discussion

The aim of this study was to evaluate various techniques for
obtaining vascular access by nurses with PPE for AGP during simulated
paediatric COVID-19 resuscitation. To our knowledge, it was the first
comparison of NIO-P, EZ-IO, and Jamshidi devices under such
conditions.

Prehospital emergency care of children is challenging. During car-
diopulmonary resuscitation, it is extremely important that individual
medical procedures are performed quickly and efficiently; this also re-
fers to obtaining vascular access [10,14]. Rapid establishment of vascu-
lar access as indicated by the European Resuscitation Council and the
American Heart Association guidelines is all the more essential in the
context of non-shockable rhythms, where epinephrine should be ad-
ministered as soon as possible. Hansen et al. [18] indicated that each
minute of delay in epinephrine administration was associated with de-
creased survival and unfavourable neurological outcomes. Numerous
studies also point to comparable pharmacokinetics and pharmacody-
namics of drugs administered by IV and intraosseous access [19,20].

The use of protective suits increases the safety of medical personnel
in the context of potential infection. However, the mobility constraints
associated with wearing aprons or overalls and double gloves may re-
duce the effectiveness of medical procedures by increasing their dura-
tion and lowering the performance efficiency [21-25].

Because of the lack of literature data on intraosseous access per-
formed in children by rescuers wearing PPE, the discussion was devel-
oped in relation to the results concerning vascular access obtained
without a protective suit. In addition, the results of our own study
were presented with respect to intraosseous access in adults when the
medical personnel were dressed in PPE for AGP.

In our study, the first attempt success rate of intravascular access
was 100% for NIO-P and EZ-10, 80% for Jamshidi, and 69.2% for IV access.
El-Nawawy et al. [25] in a study analysing intravascular access in paedi-
atric septic shock patients indicated that the success rate of the first at-
tempt of IV and intraosseous access was varied and amounted to 50%
and 100%, respectively. As implied by Feldman et al. [26], paramedics
presented a slightly higher insertion success rates in intraosseous access
compared with emergency department nurses in a paediatric bone
model (83.3% vs. 79.4%); the effectiveness of obtaining access equalled
80% vs. 70.6% for the NIO-P intraosseous access device and 86.7% vs.
88.2% for EZ-10. Szarpak et al. [27] observed the effectiveness of NIO-P,
EZ-10, and Jamshidi at the level of 100%, 97%, and 43%, respectively.

Another important parameter related to intraosseous access during
resuscitation is the time of the procedure execution. Owing to personal
limitations and the necessity to perform many medical procedures dur-
ing cardiopulmonary resuscitation, the access should be obtained as
soon as possible. In our study, the shortest time was achieved for the in-
travascular access with NIO-P (33 4 4 s) and the longest for IV access
(98.5 4+ 10s; p <0.001).In a study by Suyama et al. [28], 22 paramedics
established anterior tibial intraosseous access in an adult patient using
the EZ-10 system and routine antecubital IV access with and without
PPE. The authors revealed a statistically significantly shorter fluid infu-
sion time in the case of intraosseous access (28.33 s) compared with
IV access (46.28 s; p < 0.001). Also, other authors, including Castle
et al. [29], Lamhaut et al. [30], and Szarpak et al. [31], reported a signif-
icantly shorter time of performing the intraosseous access procedure
while using PPE for AGP.

It is worth emphasizing that the use of NIO-P or EZ-10, in the subjec-
tive opinion of the study participants, was associated with a much easier
procedure to get intravascular access, compared to the Jamshidi needle
or the intravenous cannula. The ease of performing the procedure may
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shorten the duration of the procedure as well as increase the efficiency
of its performance. However, although NIO-P and EZ-I0 were similarly
easy to perform, NIO-P was the preferred method of 10 access compared
to EZ-10 (78.5% vs. 21.5%; p < 0.001). The differences observed between
NIO-P and EZ-IO in “procedure time” and “ease of use” make NIO-P
more effective than EZ-IO, therefore, NIO-P should be considered as
the first intravascular access option. However, EZ-10 shows more posi-
tive results than the other techniques and should be used as a second
option to gain intraosseous access.

4.1. Strengths and limitations

The present study has several limitations. Firstly, it was conducted
under the conditions of medical simulation and not those of real medi-
cal actions. This was, however, intentional and dictated by the fact that
medical simulation allows to fully standardize the performed medical
procedures, without any risk for a potential patient or the personnel in-
volved in particular procedures [32,33]. This is even more important in
the era of a pandemic, when the risk of potential infection is extremely
real owing to the high virulence of SARS-CoV-2 [2,34]. The second lim-
itation was the participation of nurses only. Nevertheless, in a hospital
setting, it is relatively often nurses who are required to perform cardio-
pulmonary resuscitation and to obtain vascular access. Another limita-
tion is the use of an adult mannequin during the training session, in
which the participants of the study exercised both intraosseous and in-
travenous access. They carried the exercises out without the use of PPE-
AGP. Such action was deliberate and was aimed at mastering the tech-
nique of obtaining intraosseous access using various methods - without
causing distortions of the results in the proper examination.

The study also has its strengths, which include, among others, the
randomized, cross-over design, as well as result blinding at the stage
of statistical analysis. An additional advantage is the use of three differ-
ent methods for establishing intraosseous access. Additionally, the ob-
tained results have clinical implications. Medical personnel, especially
emergency medical service personnel wearing PPE-AGP - where each
patient should be treated as potentially infectious, and every minute is
critical - we should consider the use of intraosseous access as the pri-
mary method of obtaining intravascular access.

5. Conclusions

The study provides evidence that nurses wearing biosafety Level 2
suits were able to obtain intraosseous access faster and more effectively
as compared with IV access during simulated COVID-19 paediatric re-
suscitation. The most effective method of intravascular access was the
NIO-P intraosseous device. Further clinical trials are necessary to con-
firm the results.
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ABSTRACT

BACKGROUND: Intraosseous injection is an alternative method used regarding unsuccessful intravenous access
during many emergency situations. The aim of the present study was to compare injections made by the Bone
Injection Gun (BIG) with NIO Adult intraosseous access devices during simulated CPR performed by paramedics.

METHODS: 40 paramedics took part in this prospective, randomized, crossover, manikin study. The participants
were chosen at random, while each paramedic performed an intraosseous injection with the Bone Injection Gun
(BIG) or with the NIO Adult Intraosseous access device. The effectiveness of the intraosseous injection was analyzed
as times T1, T2, and T3. Time T1 is defined as the time-lapse from placing the intraosseous device into one’s hand
to performing the intraosseous injection; Time T2 is the time-lapse from placing the intraosseous device into one's
hand to the moment of stabilizing it at the injection site; while Time T3 is defined as the time-lapse from putting
the intraosseous device into one’s hand, attaching the syringe with a test aspiration, to connecting the infusion
line. Attitudes toward the use of intraosseous access during resuscitation were also analyzed in the present study.

RESULTS: The efficacy of intraosseous access obtained with the use of NIO was at 100% where the efficacy of the
use of BIG was at 95%. The average time of T1 was similar in the groups randomized to use BIG and NIO, repre-
sented as 5.4 +3.5vs. 3.5+ 2.5s, respectively (p = 0.014); the average time of T2 was 17.5+4.5vs. 3.5+ 255,
respectively (p < 0.001); while the average time of T3 was 25=5.5vs. 11.5+2.5 s, respectively (p <0.001). No-
tably, 90% of the study’s participating paramedics preferred to use the NIO during cardiopulmonary resuscitation
(p<0.001).

CONCLUSIONS: The present study shows that after a short period of training paramedics can perform an intraos-
seous injection with a high degree of efficiency. Thus, the authors stress the need for training medical personnel
to have the skill to perform intraosseous injections along with knowledge and understanding of the indications
and contraindication for IO access.
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INTRODUCTION

One of the basic skills that should be encompassed
by medical personnel in the field of emergency
medicine is performing an intravascular injection.
An injection as such not only provides access to
medication but provides access to fluid intake in
order to expand the vascular bed and increase blood
pressure [1, 2]. In emergency medicine, many cases
occur requiring intravascular access that should be
obtained as soon as possible [3—-6]. Such emergency
cases may include the onset of anaphylactic and
hypovolemic shock and the necessity to initiate CPR.
The importance of intravenous access during CPR is
marked by the presence of a nonshockable rhythm
described as pulseless electrical activity (PEA) or asys-
tole during which the key step is the administration
of adrenalin as outlined by the guidelines of the
European Resuscitation Council (ERC) [7, 8], and the
American Heart Association (AHA) [9, 10]. Intravas-
cular access, however, may prove difficult as in the
case of sudden cardiac arrest (SCA) in which there is
a collapse of the vascular bed with which periphe-
ral intravenous access (most commonly near the
cuboidal fossa) may be not only difficult, but impos-
sible. Moreover, while in departments of Emergency
Medicine, Anaesthesiology and Intensive Care Units
a trained anaesthesiologist may be able to obtain
central line access, this is an impossible undertaking
for paramedics. In their training, paramedics lack
the qualified technique training, as well as access to
the necessary instruments. Interosseous access (10),
therefore, serves as an alternative approach in the
pre-hospital and hospital setting. This interosseous
access may be obtained by devices such as the punc-
ture Bone Injection Gun (BIG) and the NIO Adult
Intraosseous device, both of which are compared in
the present study.

Both intraosseous access devices provide intra-
osseous access with a semi-automatic technique in
which by pressing the release trigger, the needle is
ejected. This form of needle insertion proves useful
in obtaining access into the intraosseous cavity. With
this in mind, the aim of the current study was to
compare the two types of devices under simulated
CPR performed by paramedics.

METHODS
The present study was approved by the Institu-
tional Review Board of the International Institute
of Rescue Research and Education (approval no:

FIGURE 1. Intraosseous access devices used in the study:
(A) Bone Injection Gun; (B) NIO Adult Intraosseous device

23.05.2016.01). After the presentation of the
study’s objectives, 44 paramedics participated in
the study.

All of the participants before commencing the
study completed a questionnaire concerning their
knowledge and skill regarding intraosseous injec-
tion. Subsequently, all participants received appro-
priate training regarding the indications, contrain-
dications, and techniques used in order to gain
intraosseous access.

Once the theoretical training concluded, an in-
structor demonstrated the correct technique of per-
forming intraosseous injection with both 10 devices,
namely; the Bone Injection Gun (BIG, WaisMed Ltd.,
Rosh Ha’Ayin, Israel) and the NIO Adult device (NIO;
Persys Medical, Houston, TX, USA) (Fig. 1).

Participants in a randomized crossover order per-
formed the intraosseous injection under conditions
of simulated CPR. The ResearchRandomizer program
(www.randomizer.org) was used to determine the
order of participant participation, as well as which
IO access devices each would use for the first then
the second trial. The detailed randomized proce-
dure is shown in Figure 2. At first, the first group
performed intraosseous injections using the BIG in-
traosseous device while the other used the NIO de-
vice. Following a 30 minute break, the participants
performed injections with the other 10 devices. The
intraosseous injections were performed using the
Stat Adult ALS Manikin with the intraosseous Leg
Trainer (Simulaids, Saugerties, NY, USA).

The intraosseous access success was defined as
an attempt to introduce the intraosseous injection
into the correct location, which proved to be a suc-

www.journals.viamedica.pl/disaster_and_emergency medicine 25



DISASTER AND EMERGENCY MEDICINE JOURNAL 2016, Vol. 1, No. 1

PERIOD 1

PERIOD 2

Sequence 1

Start with BIG

Start with NIO

Sequence 2

Start with NIO

Start with BIG

FIGURE 2. Randomization flow chart

cessful outcome. Furthermore, the study measured
three time parameters as measures of the effective-
ness of the intraosseous injection. Time T1 was the
time lapse from placing the intraosseous device into
one’s hand and performing the intraosseous injec-
tion with the needle; Time T2 was measured as the
time lapse from placing the intraosseous device into
one’s hand to the moment of stabilizing it at the
injection site; while Time T3 was the time lapse from
placing the intraosseous device into one’s hand,
attaching the syringe with a test aspiration, to con-
necting the infusion line. The participants were also
asked to indicate the ease of intraosseous access us-
ing the given equipment and specify which |0 device
they would most likely use in real CPR conditions.

All the data collected was evaluated using the
Statistica Package Software, version 12.5. Results
were given as absolute values, percentages, me-
dians, interquartile ranges (IQR) or means, and SD.
To check for normal distribution, the Kolmogorov-
-Smirnov test was used. As a randomized crossover
trial study, pairings were taken into consideration
in the statistical analysis. McNemar's test was used
to compare the cannulation success rates of the
humeral head and the proximal tibia whereas the
two-sided Wilcoxon signed-rank test allowed one
to compare the procedure time. The participants’
subjective opinions were compared with the use of
the Stuart-Maxwell test. The value of p>0.05 was
considered statistically significant.

RESULTS
In the present study, 40 paramedics (12 females,
equivalent to 30% of the participants) with an ave-

rage age of 26.5+ 3.7 years and work experience
of 4.3 +2.5 years took part. Only 5 of the 40 par-
ticipants (12.5%) stated that they had had previ-
ous experience with 10 access. Amongst these, the
average number of completed IO access devices
uses was 3 =+ 1. None of the study participants had
previous experience with the use of the NIO Adult
Intraosseous device.

To answer at which point during the resuscita-
tion the participants believed an intraosseous injec-
tion would prove beneficial; 60% of the participants
indicated that they would attempt 10 access after
two minutes of unsuccessful attempts at IV access,
whereas, 40% of participants would attempt 10
access after a single unsuccessful attempt at IV
access. Furthermore, the participants described the
contraindications to intraosseous injection as fol-
lows: fracture of limbs (100%); infection of the tis-
sue at the site of planned injection (85%); extremity
trauma with damage to the vascular bundle nerves
(80%); and compartment syndrome (32.5%). In
addition, 7.5% of the participants indicated that
IO access needed to be obtained within the first
24 hours. The participants also reported the compli-
cations of 10 access, namely: the dissection of bone
(75%); bleeding (72.5%); osteomyelitis (52.5%);
and infection at the injection site (10%). Moreover,
42.5% of participants indicated that medication
administered via 10 achieves the desired plasma
concentration in a time which is comparable to
those given via central line access, while 30% be-
lieved that the time compares to access obtained
via the peripheral vein. Furthermore, 27.5% of par-
ticipants indicated that the desired plasma level
concentration is achieved at a longer time interval
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when administered via |0 access as compared to
peripheral access.

The present study found that the efficacy for 10
access using NIO was at 100% and 95% for the use
of the BIG device. The lower efficacy with the use of
BIG may be attributed to the too small setting of the
depth of the puncture. All of the participants were
able to correctly identify the place of 10 access at the
proximal tibia.

The average T1 time in the group using BIG
and NIO device was comparable and amounted to
5.4+3.5vs.3.5+2.55, respectively (p =0.014); the
average T2 amounted to 17.5+4.5vs. 3.5+2.5s,
respectively (p <0.001); while the average T3 time
was 25+ 5.5vs. 11.5=5.2s, respectively (p < 0.001).
Although not a statistically significant difference
(p=0.534), the participants did disclose that NIO
was a simpler way to perform the intraosseous
injection as compared to BIG. However, 90% of
the study’s participating paramedics, preferred to
use the NIO during cardiopulmonary resuscitation
(p <0.001).

DISCUSSION
This study is, to our knowledge, the first that com-
pares the efficacy of BIG and NIO intraosseous ac-
cess devices during simulated cardiopulmonary re-
suscitation performed by paramedics.

Although in the standards of paediatric care in-
traosseous access is the technique of choice for
intravascular access, in adults it is used in the event
of failed vascular access, as in the case of an emer-
gency scenario in which CPR is required. This is also
true regarding the need to establish intravascular
access in trauma patients (without arrest). In emer-
gency situations, intraosseous access is becoming
the recommended method with failed or prolonged
attempts at intravenous access. Furthermore, the
Advanced Trauma Life Support guidelines [11] out-
line that intraosseous access should be obtained
after three unsuccessful attempts at access to the
peripheral vein, or after 2 minutes of attempts.

Intraosseous injection provides entry for resusci-
tation drugs and fluid resuscitation [12—14]. How-
ever, flow through the IO catheter must be initiated
by an initial flush of at least 10 mL of saline and
maintained with the use of a pressure infusion bag
inflated at 300 mmHg in accordance with the in-
structions of use [15]. Notably, the medication given
via an intraosseous injection achieves the desired

plasma concentration which compares to that by
a central line catheter [16].

Undoubtedly, central vein cannulation is the
superior method as compared with intraosseous
access. However, as shown in the research, the ef-
fectiveness of access, the duration of the procedure,
and the possible complications, suggest 10 access to
be the most accessible method. Several studies com-
paring the complications of |0 access have reported
complications such as iatrogenic bone fracture, os-
teomyelitis, and tissue necrosis [17-20]. Alternative
studies, nonetheless, have reported no complica-
tions found as a result of 10 access [21]. The re-
search also explains that there are varying locations
of 10 access such as the tibia, the head of humerus
[22-26] or the sternum [27] which may be used for
IO access. In cardiopulmonary resuscitation, how-
ever, the research has demonstrated that the effec-
tiveness of obtaining 10 access to the proximal tibia
(Fig. 3) is more likely than that to the humeral head
[21, 23, 28]. This is especially significant regarding
the present study, as it is, to the knowledge of its
researchers, the first one to compare the efficacy of
BIG and NIO intraosseous access devices employed
during a simulated cardiopulmonary resuscitation
performed by paramedics.

The results of this study further demonstrate that
IO access is a rapid and simple way to obtain intra-
vascular access in emergency scenarios. However,
the present study does illustrate certain limitations
as its data was collected under simulated conditions
in order to avoid possible complications which could
arise with human subjects. Although the study’s
participant pool only included paramedics, which
may be presented as an another limitation, this was

FIGURE 3. Intraosseous needle view in CT scan
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deliberate considering it is paramedics which are
most often in need of employing 10 access in CPR
emergency scenarios.

Even with such limitations present, it is also im-
portant to note that in order to mimic chest com-
pression the study employed the Lifeline ARM (ARM,
Defibtech, Guilford, CT, USA) which the research
shows to be sufficient as compared with manual
chest compressions [29, 30]. The use of the Lifeline
ARM, as a result, caused a lower degree of error as
unequal manual chest compression was avoided.
The study’s design, as one which was a randomized,
crossover study, the researchers also believe to be an
advantage.

CONCLUSIONS
The present study shows that after a short period
of training paramedics can perform intraosseous
injections with a high degree of efficiency. Thus,
the authors stress the need for training medical
personnel to have the skill to perform intraosseous
injections along with knowledge and understanding
of the indications and contraindication for 10 access.
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Comparison of Bone Injection Gun and Jamshidi intraosseous access devices
by paramedics with and without chemical-biological-radiological-nuclear
personal protective equipment: a randomized, crossover, manikin trial™

To the Editor,

We read with great interest the study by Kiefer et al entitled “Pro-
spective Evaluation of Ultrasound-Guided Short Catheter Placement in
Internal Jugular Veins of Difficult Venous Access Patients” [1]. Accessing
intravenous access in patients in hypovolemic shock or during sudden
cardiac arrest may be difficult or even impossible to perform [2,3]. As
shown by scientific research, the use of ultrasonography to perform pe-
ripheral or central intravenous access is associated with prolonged exe-
cution time of the procedure [1,3].

The aim of this study was to compare the Bone Injection Gun
(BIG) and Jamshidi intraosseous (I0) access devices by paramedics
with/without chemical-biological-radiological-nuclear personal protec-
tive equipment (CBRN-PPE). This study was designed as a randomized,
crossover, manikin trial and is a continuation of the research undertaken
in previous studies [2,4]. After written informed consent was obtained,
40 paramedics from the Emergency Medical Service teams volunteered
to participate in this trial. The study was performed in March 2016.
Before the beginning, all participants received a 10-minute standardized
demonstration of the different 10 access devices available to make sure
that the participants were familiar with their proper use. Practicing
with the devices before the attempts was not allowed; moreover, to
minimize bias and to increase difficulty, no assistant was available for
the participant. Each participant performed IO access using each device
while wearing either CBRN-PPE (CBRN group) or standard uniform
(no-CBRN group). We use standardized CBRN-PPE (Respirex Internal
Systems, Surrey, UK, and 3M, Bracknell, UK) which is a fully encapsulated
suit incorporating a panoramic visor to improve vision; however, it
retains the thick “rubber” gloves that can adversely affect fine motor
skills [5]. The study was based using a Stat Adult ALS Manikin with an
10 Leg Trainer (Simulaids, Saugerties, NY). IO access in proximal tibia
was performed using 2 devices: BIG (Waismed Ltd, Herzliya, Israel)
and Jamshidi device (CareFusion, San Diego, CA; Fig. 1). The Research
Randomizer program was used (www.randomizer.com) to divide the
volunteers into 4 groups and to determine the order in which to apply
the different 10 access devices within each group (Fig. 2). The first
group attempted IO access using the BIG device with CBRN, the second
using BIG without CBRN, the third using Jamshidi with CBRN, and the
fourth using Jamshidi without CBRN. After completing the 10 procedure,
participants had a 10-minute break before performing IO access using
another method. Time to 10 placement was defined as time measured
from the moment an IO access device was picked up until the intrave-
nous line tubing was connected to the inserted 10 needle.

* Source of support: No sources of financial and material support to be declared.

0735-6757/© 2016 Elsevier Inc. All rights reserved.

All statistical analyses were performed with the use of the Statistica
12 PL for Windows software (StatSoft, Inc, Tulsa, OK). Time to IO place-
ment was compared using Wilcoxon test for paired observations. The
results were considered statistically significant at the value of P <.05.

Time was significantly increased in the CBRN group compared with
the no-CBRN group for 10 access using Jamshidi (69.5 4+ 34.2 svs 35 4+ 8
seconds, P <.001). However, this correlation was not observed when
participants use BIG device (29.5 4 13.2 vs 22 4 7 s, respectively;
P = .063). Both for the CBRN group and no-CBRN group, time for IO
access using BIG was significantly shorter as compared with 10 access
using Jamshidi (P < .001).

In conclusion, in this manikin trial, [0 access using BIG was significantly
faster than that using Jamshidi devices either with or without CBRN
equipment. Further clinical investigations are required to evaluate the
benefit of primary BIG device in emergency cases such as cardiac arrest.
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Fig. 1. Intraosseous access devices used in this study: (A) BIG and (B) Jamshidi device.
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Fig. 2. Flowchart of design and recruitment of participants according to Consolidated Standards of Reporting Trials statement.
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ABSTRACT

BACKGROUND Obtaining vascular access is one of the key procedures performed in patients in
emergency settings.

AIMS The study was conducted as a meta-analysis and a systematic review and aimed to address
the following question: which intravascular access method should be used in patients with COVID-19
when wearing full personal protective equipment (PPE)?

METHODS We performed a systematic search of PubMed, EMBASE, and CENTRAL databases for randomized
controlled trials that compared intravascular access methods used by operators wearing full level C PPE.
We evaluated procedure duration and the success rate of intraosseous and peripheral intravenous accesses.
RESULTS  Eight randomized controlled trials were included in quantitative synthesis. The use of PPE
during intravascular access procedures had animpact on procedure duration in the case of intraosseous
access (mean difference [MD], 11.69; 95% CI, 6.47-16.92; P <0.001), as well as reduced the success rate
of intraosseous access by 0.8% and intravenous access by 10.1%. Under PPE conditions, intraosseous
access, compared with peripheral intravenous access, offered a shorter procedure time (MD, -41.43;
95% CI, -62.36 to -24.47; P <0.001).

CONCLUSION  This comprehensive meta-analysis suggested that the use of PPE significantly extends the duration
of intravascular procedures. However, under PPE conditions, operators were able to obtain intraosseous access
in a shorter time and with a higher success rate than in the case of intravenous access.

INTRODUCTION Obtaining vascular access is
one of the key components of critical care medi-
cine including out-of-hospital emergency medi-
cine and rescue operations. Vascular access enables
the administration of drugs and infusions, includ-
ing those used in sudden cardiac arrest, as well as
catecholamines in various types of shock. The time
to establish vascular access is crucial in emergency

medicine, especially for critically ill patients. In nu-
merous clinical situations, it is a major challenge for
medical personnel, especially those with less experi-
ence.' Vascular access can be achieved either through
peripheral or central venous access, or through in-
traosseous access. Intraosseous access was initially
used mainly in pediatric patients, but it is now in-
creasingly applied in adult patients as well.>3
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WHAT'S NEW?

This is the first meta-analysis to evaluate the effectiveness of intravascular
access in personal protective equipment-restricted scenarios. The study was
designed as a meta-analysis and a systematic review and aimed to determine
which intravascular access method should be preferred when wearing full
personal protective equipment to care for high-risk, infectious or contaminated
patients, such as those with suspected or confirmed COVID-19.

SARS-CoV-2 is transmitted via the droplet
route. Because of its relatively high infectivity
and the need for long-term testing to confirm
or rule out the infection, as well as the necessi-
ty of quarantining people who have had contact
with an infected person, including medical per-
sonnel, the virus poses a serious risk to the func-
tioning of healthcare systems.*?

Although more than 80% of patients with
COVID-19 have mild symptoms, some even be-
ing asymptomatic, about 5% to 15% of cases are
severe. Some patients develop cytokine storm
and consequently ARDS and multiorgan fail-
ure, which is the cause of death in a high per-
centage of critically ill patients with COVID-19.5
The use of protective masks by medical person-
nel, including primarily masks with a suitable
filter, and also of protective clothing and dou-
ble gloves is essential.” According to the Unit-
ed States Centers for Disease Control and Pre-
vention, medical personnel who interact with
patients with known or suspected COVID-19
should adhere to standard precautions and use
a respirator (or a facemask if a respirator is not
available), a gown, gloves and eye protection.
Some procedures, such as endotracheal intu-
bation or bronchoscopy, could generate infec-
tious aerosols. Consequently, medical personnel
should wear an N95 or higher-level respirator
such as disposable filtering facepiece respirators.

Numerous studies have compared the time of
obtaining and the effectiveness of intravenous
and intraosseous access.?? The current SARS-
-CoV-2 pandemic forces medical personnel to use
personal protective equipment (PPE) including
double gloves, goggles, masks with appropriate
filters, visors, and protective clothing. Such safe-
ty measures are particularly important in emer-
gency medicine when the team is dispatched to
a patient with suspected or confirmed COVID-19.
Medical personnel may need to initiate emergen-
cy procedures, including vascular access. Person-
al protective equipment makes it difficult to car-
ry out emergency procedures, among others, to
obtain vascular access. It is reasonable to com-
pare studies on the efficacy and timing of vas-
cular access placement with different methods
when using PPE, especially level C protection.”

This is the first meta-analysis to evaluate
the effectiveness of intravascular access in PPE-
-restricted scenarios. The study was conducted
as a meta-analysis and a systematic review. It
aimed to answer the following question: which
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intravascular access method should be used
when wearing full PPE to care for high-risk, in-
fectious, or contaminated patients, such as those
with suspected or confirmed COVID-19?

METHODS We conducted a systematic review
of randomized controlled trials (RCTs) in accor-
dance with the Cochrane Collaboration guidance.
The presented review followed the Preferred Re-
porting Items for Systematic Reviews and Meta-
-Analyses (PRISMA) statement'' (Supplemen-
tary material). For this meta-analysis, neither
ethics committee approval nor patient consent
were required.

Eligibility criteria Studies were included if they
met the following criteria: 1) RCT; 2) clinical, ca-
daver, or simulation trial; 3) provided data on in-
travascular access of in adult patient or a simula-
tor; 4) compared intravascular access performed
with and without level C PPE; and 5) reported pro-
cedure duration or success rates. Review articles
and case studies were excluded. No language re-
strictions were placed on the search results.

Search strategy A comprehensive literature

search was performed with PubMed, Scopus, EM-
BASE, Web of Science, and Cochrane Central Reg-
ister of Controlled Trials (CENTRAL) databases,
from the inception of each database up to April 10,
2020. The following terms were used: “intravas-
cular” or “intravenous” or “intraosseous” or “iv”
or “io” or “EZ-10” or “B.I.G.” or “NIO” or “FAST 1”
or “Jamshidi” or “Cook” and “PPE” or “personal
protective equipment” or “HazMat” or “Level C
protective” or “CBRN” or “Chemical” or “toxic’
or “infectious patient.” The electronic database
search was supplemented by searching Google
Scholar and by back-searching the reference lists
of the identified studies for suitable articles.

>

Study selection The references retrieved by
electronic search were imported to and managed
by the EndNote X7 software (Clarivate). Two in-
dependent investigators (JS and KL) screened
both titles and abstracts to exclude inconsistent
studies. Discrepancies were resolved by a third
author (MJ). Relevant full-text articles were re-
trieved and analyzed for eligibility using the pre-
defined inclusion criteria.

Data extraction Raw data were extracted us-
ing a standardized, premade form. Two authors
(KL and JS) independently assessed each article
to determine whether or not it met the criteria
for inclusion. Disagreements between the authors
regarding values or analysis assignments were re-
solved through discussion with a third researcher
(LS), and the decision was taken by the majority
of the researchers. The agreement with respect to
study inclusion was assessed by using the Cohen



TABLE1 Comparison of intraosseous access times with and without personal protective equipment
Variable Trials, n MD or RR (95% CI) Pvalue I statistics, %
Operator specialty Physicians 1 10 (8.42-11.58) <0.001 N/A
Paramedics 3 11.46 (3.62-19.31) 0.004 94
Mixed staff 4 15.44(11.13-19.75) <0.001 47
Intraosseous access  EZ-10 6 11.32 (3.84-18.79) 0.003 97
device type
BIG 2 9.78 (8.27-11.29) <0.001 0
Jamshidi 1 34.5(23.62-45.38) <0.001 NA

Abbreviations: BIG, bone injection gun; MD, mean difference; NA, not applicable; RR, risk ratio

- Records identified through Additional records identified
2 database search through other sources
g (n=947) (n=0)
=
2
v v
Records after duplicates removed
(n=139)
=
= \4
3]
3 Records screened Records excluded
(n=319) (n=285)
A4
Full-text articles assessed for eligibility Full-text articles excluded
=2 (n=34) (n=26):
2
= + Ineligible study design
v (n=16)
Studies included in qualitative synthesis * Review article (n=4)
(n=8) * Insufficient data
for comparison (n =4)
« Ineligible study population
= \4 (n=1)
E e ; ot * Duplicate results (n=1)
= Studies included in quantitative up
= synthesis (meta-analysis)
(n=8)
FIGURE1 Flow diagram showing the stages of database search and study selection as per the PRISMA guidelines. Modified

from Moher et al"

K statistics."” We were careful to avoid inclusion
of data from duplicate publications. In any case
of suspected data discrepancies, we contacted
the relevant author directly. Data extracted from
eligible studies included the following character-
istics: study and year, country, participants, num-
ber of participants, types of devices applied for
intravascular access, procedure with or without
PPE, procedure duration (measured in seconds),
and success of intravascular access.

Statistical analysis Individual study data
for intravascular access success rates and proce-
dure duration were analyzed. We used Mantel-
Haenszel models for all dichotomous outcomes
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and the inverse variance method for continuous
outcomes. For continuous variables (procedure
duration), mean differences (MD) were calculat-
ed. A random effect model was applied to ana-
lyze the data. Results are presented as risk ratios
(RRs) with 95% ClIs for dichotomous variables.
The meta-analysis was carried out with the Re-
view Manager (RevMan) software for Mac; ver-
sion 5.3 (Cochrane Collaboration, Oxford, Unit-
ed Kingdom). When the continuous variable was
reported in a study as median, range, and inter-
quartile range, we estimated means and SDs us-
ing the formula described by Hozo et al.® We
quantified heterogeneity in each analysis using
the 72 and I? statistics. Studies were subgrouped
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TABLE2 Characteristics of the included studies

Study Patients,n Study  PPE Study Procedural Operators Definition of Injection
design level device conditions injection time success rate
Ben- 20 RCT C Turkey BIG With and Emergency care From the moment A bare
-Abraham femurs without PPE  physicians previously  the BIG was needle
etal” inexperienced with attached to anchored in
BIG the bone until afirm
the successful upright
placement of position in
the needle was the bone
achieved
Borron 16 RCT A, B,C, Goats EZ-10 With and 12 ED physicians, From the moment  Noted by
etal" andD without PPE  physician assistants,  participants aspiration of
and nurses touched either bone
the EZ-10 needle marrow
cover or the driver  and/or
throughout facile
needle placement injection of
and bone marrow 5 ml of
aspiration (where  isotonic
possible) and until  sodium
they completed chloride
the injection of solution
a 5-ml bolus of
isotonic sodium
chloride solution
Castle 64 RCT C Manikin ~ IVand With and 4 prehospital care From when Not specified
etal® EZ-10 without PPE doctors (ALS-trained  the EZ-I0 drill was
general practitioners  picked up until
activated by the IO needle was
the ambulance placed into
service), 6 a training bone
resuscitation officers, and a 3-way
14 paramedics, 15 extension
anesthetists,and 25  attached
emergency
physicians
Collins™ 8 RCTCP C Cadaver  EZ-IO With and Paramedics Not specified Not specified
without PPE
Lamhaut 25 RCT C Manikin ~ IVand With and 9 nurses and 16 From the moment  Successful
etal’® EZ-I0 without PPE  physicians the device was fluid infusion
attached to
the bone until
the successful
placement of
the needle was
achieved
Suyama 22 RCT C Manikin ~ IVand With and Paramedics Not specified Not specified
etal” EZ-10 without PPE
Szarpak 40 RCT C Manikin ~ BIGand  Withand Paramedics From the moment  Not specified
etal' Jamshidi  without PPE the device was
touched to
successful fluid
infusion
Szarpak 35 RCT C Manikin ~ IVand With PPE Paramedics with From touching Successful
etal?® NIO aminimum 2-year the device to fluid infusion

experiencein
emergency medical
service

successful fluid
infusion

Abbreviations: ALS, advanced life support; CP, conference paper; IV, intravenous access; PPE, personal protective equipment; RCT, randomized controlled trial; others,

see TABLE1
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by the type of intravascular access devices. Het-
erogeneity was detected with the x? test with
n - 1 degrees of freedom, which was expressed
as I?. Values of I? greater than 50% and great-
er than 75% were considered to indicate moder-
ate and significant heterogeneity among studies,
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respectively.” All P values were 2-tailed and con-
sidered significant if less than 0.05.

Quality assessment of the included stud-
ies The methodological quality of the includ-
ed RCTs was assessed using the “risk of bias”



tool in accordance with the RevMan software.
The following domains were evaluated for RCTs:
random sequence generation, allocation con-
cealment, blinding of participants, blinding of
outcome assessment, incomplete outcome data,
selective reporting, and other bias.” To assess
the risk of bias, we only relied on the informa-
tion presented in the publications. Two research-
ers (LS and JRL) estimated the risk of bias in
each domain as “yes,” “no,” or “unclear,” which
reflected a high, low, and uncertain risk of bias,
respectively (18LE1). The review authors’ judg-
ments about each risk of bias item are provided
in Supplementary material, Table S2.

RESULTS Study selection The search strate-
gy used in this study produced 947 potential ti-
tles and abstracts from database search (FIGURET).
After removing duplicates (n = 319) and screen-
ing titles and abstracts, we were left with 34 ar-
ticles. These were screened against the inclu-
sion and exclusion criteria. A total of 26 arti-
cles were excluded, because they represented
ineligible study design (n = 16), were review ar-
ticles (n = 4), applied ineligible devices (n = 4),
concerned pediatric population (n = 1), and pre-
sented duplicate results (n = 1). Ultimately, 8
studies that met the inclusion criteria and con-
tained the necessary data for the planned com-
parison were identified.
Study characteristics The characteristics of
the included studies are presented in TBLE2. In-
traosseous access was attempted with the EZ-1I0
device by 160 operators,®'" with a bone injec-
tion gun by 60 operators,'®" with the Jamshidi
device by 40 operators,'® and with the NIO device
by 35 operators.?’ A single study was conducted
on goats,” another one on turkey femurs," and
others on manikins.®'6-820 Five articles were
original full papers,®'*1611% 2 were research let-
ters,'?" and a single one was a conference paper.”

Influence of personal protective equipment
onintravascular access Seven studies evalu-
ated the duration of an intraosseous access pro-
cedure performed with and without PPE.>"-1
The time to complete the procedures was pre-
sented in seconds. Obtaining intraosseous ac-
cess while wearing PPE in comparison with
the same procedure without PPE was associat-
ed with longer procedure duration (MD, 11.69;
95% CI, 6.47-16.92; P <0.001) (FiGure2). The in-
traosseous access success rate with and with-
out PPE was reported in 4 studies''®"® and was
98.4% and 99.2%, respectively (RR, 1; 95% CI,
0.97-1.03; P = 0.93) (FIGURE3).

An additional subanalysis by operator’s spe-
cialty showed that physicians (MD, 10; 95% CI,
8.42-11.58; P <0.001), paramedics (MD, 11.46;
95% CI, 3.62-19.31; P = 0.004), as well as a mixed
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staff group (MD, 15.44; 95% CI, 11.13-19.75;
P <0.001) performed intraosseous access proce-
dures longer when using PPE (TABLE1).

The subanalysis regarding the type of intraos-
seous device used also revealed shorter time
to obtain intraosseous access with EZ-IO (RR,
11.32; 95% CI, 3.84-18.79; P = 0.003), bone injec-
tion gun (RR, 9.78; 95% CI, 8.27-11.29; P <0.001),
and Jamshidi (RR, 34.5; 95% CI, 23.62-45.38;
P <0.001) devices as compared with peripheral
intravenous access.

Three studies evaluated the time of peripher-
al intravenous access obtained with and with-
out PPE .36V Intravascular access time with and
without PPE was presented in fIGURE 4. The effec-
tiveness of obtaining peripheral intravenous
access with and without PPE was reported in
2 studies and equaled 89.9% versus 100% (RR,
0.93; 95% CI, 0.78-1.12; P = 0.44) (FIGURES).

Intraosseous and intravenous access pro-
cedure duration under personal protective
equipment-restricted conditions Five stud-
ies presented a comparison of intraosseous and
peripheral intravenous accesses performed by
an operator wearing PPE.3'6-8 The overall anal-
ysis showed shorter duration of an intraosseous
access procedure compared with peripheral in-
travenous access (MD, -41.43; 95% CI, -62.36
to —24.47; P <0.001) (FIGURE6A and 6B).

Subgroup analysis revealed a shorter time to
obtain intraosseous access compared with pe-
ripheral intravenous access in research letters
(MD, -26.3; 95% CI, -29.57 to -23.03; P <0.001).
In original articles, the above finding was not
observed (MD, -49.93; 95% CI, -99.86 to 0;
P =0.05). Subgroup analysis by operator’s pro-
fession demonstrated shorter duration of the in-
traosseous versus peripheral intravenous proce-
dure when performed by paramedics (MD, -21.79;
95% CI, —29.56 to -23.04; P <0.001), as well as by
mixed staff (MD, -26.3; 95% CI, -29.56 to -23.04;
P =0.008) (1ABLE3).

Success rates of intraosseous and intra-
venous access under personal protective
equipment-restricted conditions Three
studies reported the success rate of intraosse-
ous versus peripheral intravenous access under
PPE-restricted conditions.?'®?? The efficacy of
intraosseous access was 100% compared with
90.3% for peripheral intravenous access (RR,
1.08; 95% CI, 0.97-1.2; P = 0.18) (FIGURE7A and 78).

The effectiveness of intravascular access
amounted to 100% for intraosseous compared
with 89.9% for peripheral intravenous access
in the subanalysis of original articles (RR, 1.08;
95% CI, 0.9-1.29; P = 0.44), and to 100% and
91.4%, respectively, in the subanalysis of re-
search letters (RR, 1.09; 95% CI, 0.97-1.22;
P = 0.13). The subanalysis showed that the ef-
fectiveness of intraosseous versus peripheral
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Study POP MD LCL UCL  WGHT, %

Ben-Abraham et al . : 42 10 8.42 11.58 14.6
Borron etal™ ] I 36 52 =501 1541 9.4
Castle et al? : ] 128 166 1415  19.05 14.3
Collins's B : 16 94 561 1319 137
Lamhaut et al'é n 50 15 746 22.54 13
Suyama etal’ —]| : 44 21121 299 14.7
Szarpak et al® (BIG) | 60 75 239 1261 12.9
Szarpak et al™® (Jamshidi) : | 80 345 23.62 4538 9
Overall: P<0.001, I = 97% . 454 1169 647 16.92 100
-6 11.‘69 25 50
With PPE | Without PPE
1

FIGURE 2  Forest plot of intraosseous access procedure duration while using level C personal protective equipment (PPE) versus standard clothing. The center of
each square represents the weighted mean difference for individual trials, and the corresponding horizontal line stands for 95% CI. The diamond represents pooled
results. Procedure time was presented in seconds.

Abbreviations: LCL, 95% lower confidence limit; POP, probability of precipitation; UCL, 95% upper confidence limit; WGHT, weight; others, see TABLE 1

Study POP RR LCL UCL  WGHT, %
Ben-Abraham et al' . 40 095 079 113 23
Borron et al " 36 1 0.9 m 6.6
Castleetal® . 128 1 0.97 1.03 78.7
Lamhaut et al'® L] 50 1 093  1.08 12.4
Overall: P=0.93, 1= 0% e 254 1 097 1.03 100
075 With PPE | Without PPE 125
1

FIGURE 3  Forest plot of intraosseous access success rate while using level C personal protective equipment (PPE) versus standard clothing. The center of each
square represents the weighted risk ratio for individual trials, and the corresponding horizontal line stands for 95% CI. The diamond represents pooled results.
Abbreviations: see TABLE 1 and FIGURE 2

Study | POP MD LCL  UCL WGHT, %
Castle etal® w ] 128 888 7882 9878 334
Lamhaut et al's B ‘ 50 34 1737 50.63 32.8
Suyamaetal'’ B : 44 104 792 1288 33.8
Overall: P=0.11, > = 99% ’ 222 4435 -10.3 98.99 100

-10 44.‘35 50 100

With PPE | Without PPE
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FIGURE 4 Forest plot of peripheral intravenous access procedure duration while using level C personal protective equipment (PPE) versus standard clothing.
The center of each square represents the weighted mean difference for individual trials, and the corresponding horizontal line stands for 95% CI. The diamond
represents pooled results. Procedure time was presented in seconds.

Abbreviations: see TABLE 1 and FIGURE 2

Study POP RR LCL  UCL WGHT, %
Castleetal® . j 128 0.86 078 0.95 48.2
Lamhaut et al'® ‘ 50 1 0.93 1.08 51.8
Overall: P=0.44, I* = 88% ’ 178 093 0.78 1.12 100
0.7 0‘.93 1.25
WithPPE | Without PPE
1

FIGURE5 Forest plot of peripheral intravenous access success rates while using level C personal protective equipment (PPE) versus standard clothing. The center of
each square represents the weighted risk ratio for individual trials, and the corresponding horizontal line stands for 95% Cl. The diamond represents pooled results.
Abbreviations: see TABLE 1 and FIGURE 2
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FIGURE 6 Forest plot of intraosseous versus peripheral intravenous access procedure duration while using level C personal protective equipment in original
articles (A) and research letters (B). The center of each square represents the weighted mean difference for individual trials, and the corresponding horizontal line

stands for 95% confidence interval. The diamonds represent pooled results.
Abbreviations: see TABLE 1 and FIGURE 2

TABLE3 Comparison of intraosseous and peripheral intravenous access times under personal protective equipment-restricted conditions

Variable Trials,n 10 efficacy, % PIV efficacy,% RRor MD (95% CI) Pvalue P statistics, %
Procedure Paramedics 2 NA NA -21.79 (-29.56 to -23.04) <0.001 95
duration
Mixed staff 3 NA NA -26.3(-29.56 to -23.04) 0.008 97
Success rate Paramedics 1 100 91.4 1.09 (0.97-1.22) 0.13 NA
Mixed staff 3 100 89.9 1.09 (0.9-1.29) 0.44 88
Abbreviations: 10, intraosseous access; PIV, peripheral intravenous access; others, see TABLE 1
Study POP RR LCL  UCL  WGHT, %
|
Castle et al® i . 128 1.16 1.05 1.29 324
Lamhaut et al'® . j 50 1 0.93 1.08 37.2
Overall: P=0.44, 1> =88% ’ 178 1.08 09 1.29 100
0.75 1.08 125 15
I0 | PV
1
Study POP RR LCL UCL  WGHT, %
Szarpak et al'® .
overall: P=0.13 ’ 70 1.09 0.97 1.22 30.4
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FIGURE7 Forest plot of intraosseous versus peripheral intravenous access success rates while using level C personal protective equipment in original articles (A)
and research letters (B). The center of each square represents the weighted risk ratio for individual trials, and the corresponding horizontal line stands for 95% CI.

The diamonds represent pooled results.
Abbreviations: see FIGURE 2 and TABLE 3
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intravenous access varied and amounted to 100%
and 91.4%, respectively, in the paramedics group
(RR, 1.09; 95% CI, 0.97-1.22; P = 0.13) and to
100% and 89.9%, respectively, among mixed
staff (RR, 1.09; 95% CI, 0.9-1.29; P = 0.44) (1ABLE3).

Risk of bias in the included trials The risk of
bias in the included studies is outlined in TABLES 1
and 2. All the 8 studies clearly described ran-
dom sequence generation.®'? The risk of bias
in the RCTs was assessed as either low or mod-
erate across all domains, apart from the blind-
ing of participants and personnel, where blind-
ing was clearly not possible.

DISCUSSION Quick intravascular access is
the key to the successful management of pa-
tients with shock, trauma, or cardiac arrest.
The major finding of this meta-analysis is that
when an operator is wearing level C PPE, intraos-
seous access offers advantages over peripheral
intravenous access in terms of procedure dura-
tion and success rates. Moreover, the use of PPE
increases the duration and significantly reduces
the effectiveness of peripheral intravenous ac-
cess. In the case of intraosseous access, the use
of PPE increases the duration of the procedure,
however, the effectiveness decreases by only
0.8% compared with the procedure performed
without a protective suit.

The conducted meta-analysis showed a signifi-
cantly shorter time of obtaining intraosseous ac-
cess in comparison with peripheral intravenous
access, as well as an advantage regarding the ef-
fectiveness of intraosseous over peripheral intra-
venous access. The American Heart Association
indicates in its guidelines for advanced resusci-
tation that it is reasonable to establish intraosse-
ous access if intravenous access is not readily avail-
able.! However, extraordinary situations (includ-
ing caring for patients with suspected or confirmed
COVID-19, when medics are wearing level C PPE)
require extraordinary measures. Consequently,
a different vascular access technique may be ad-
vised to increase patient safety, at least as a bridg-
ing procedure during ongoing resuscitation efforts,
until the patient is in a more stable condition. It
would therefore be appropriate to prioritize ob-
taining intraosseous access when using PPE suits.

The use of full level C PPE undoubtedly affects
the quality of the performed procedures by mak-
ing movement difficult. Additionally, applying
double gloves during procedures is more protec-
tive than using a single pair as far as percutane-
ous needle injuries during intravenous cannu-
lation are considered,???* especially in the case
of highly infectious patients. At the same time,
this practice impairs comfort, sensitivity, and
dexterity? reducing the effectiveness and in-
creasing the duration of numerous medical
procedures.! However, owing to the increased
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protective effect against needle-stick injuries,
double gloves should be used routinely in con-
tact with infected patients.

As indicated by Iskrzycki et al,?> the risk of
potential complications is one of the main con-
cerns about the use of intraosseous access among
physicians. Complications of intraosseous ac-
cess were reported as rare and mostly minor.?%%
Their majority occurs when aseptic and antiseptic
rules are not followed, as well as when intraos-
seous access is kept too long.”® The most signifi-
cant issue for conscious patients with an intraos-
seous device in situ was their experience of pain.
Ong et al”’ recommended the administration of
20 to 50 mg of 2% lidocaine to all conscious pa-
tients, although the effectiveness of this strat-
egy has not been evaluated.

Another factor in favor of the routine use of
intraosseous access in suspected or confirmed
COVID-19 patients with cardiovascular and / or
respiratory failure is that most drugs can be ad-
ministered via intraosseous access in equivalent
dosage and with the same time effect compared
with peripheral intravenous access. The phar-
macodynamics and pharmacokinetic effects of
intraosseously applied drugs and infusions are
well described in the literature.?*-32

Alternative vascular access techniques in
adult patients undergoing resuscitation with
impossible peripheral intravenous catheteriza-
tion include central venous catheterization or
ultrasound-guided catheterization of peripher-
al veins. The presented analysis did not include
studies on the comparison of intraosseous ver-
sus central venous catheterization, as the lat-
ter should not be used as the primary method
of obtaining vascular access under emergen-
cy medicine conditions, especially in patients
with cardiovascular and/ or respiratory fail-
ure. As shown by Leidel et al,** in the emergen-
cy department, in adults undergoing cardio-
pulmonary resuscitation with inaccessible pe-
ripheral veins, the efficacy of the first attempt
to obtain vascular access with the intraosse-
ous method equaled 85% and was higher than
the 60% for central venous catheterization (P
=0.024). In addition, the procedure for obtain-
ing central access should be carried out under
ultrasound guidance®**> and is relatively time-

-consuming and associated with relevant risks
for the patient, especially in the emergency set-
ting. Furthermore, central venous catheteriza-
tion or ultrasound-guided catheterization of
peripheral veins require the ultrasound device
and an experienced operator and are more time-

-consuming compared with obtaining intraos-
seous or peripheral intravenous access.*

Current Infection and Control recommenda-
tions for Healthcare Personnel endorsed by Cen-
ters for Disease Control and Prevention suggest
that all healthcare personnel working in health-
care facilities should wear a facemask at all times.



If working in facilities located n the region of mod-
erate-to-substantial community transmission,
healthcare personnel should additionally wear eye
protection. If performing any aerosol-generating
or surgical procedures, an N95 or higher-level res-
pirator, gloves, and a gown should be used.

Limitations As alimitation, all of the includ-
ed studies in our meta-analysis were small in

size and were at high risk of bias, because nei-
ther the operator nor the outcome assessor were

blinded for obvious technical reasons. We found

a significant heterogeneity regarding procedure

duration, as well as procedure success rates, most
likely secondary to the varied experience levels

of study participants. As the number of studies

was small, it was not possible to conduct a meta-
-regression analysis to identify potential causes

of heterogeneity. Another limitation is that all

research was experimental and was not carried

out on humans, but it is difficult and sometimes

even impossible to do such research in a group of
highly infectious patients, as it would potential-
ly delay the therapeutic procedure. We focused

on level C PPE in this meta-analysis, because

this might be most commonly used in emergen-
cy medicine, but the level of PPE used in the in-
cluded studies might vary. While the level of PPE

is standardized in the United States, it might dif-
fer among various hospitals and healthcare set-
tings around the globe.

Conclusions This comprehensive meta-analysis
suggests that the use of PPE significantly extends
the duration of intravascular access procedures.
Moreover, it was observed that, under PPE-re-
stricted conditions, operators were able to obtain
intraosseous access in a shorter time and with
a higher success rate compared with peripheral
intravenous access. As the overall quality of ev-
idence is universally low and limited to experi-
mental, mostly simulation, trials, an RCT of hu-
man patients is warranted.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/kardiologiapolska.
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Supplementary Table S1. Comparison of intraosseous access times with and without personal protective equipment

Number of trials MD or RR (95%CI) P value 12 statistic, %

Operator type

Physicians 1 10(8.42, 11.58) <0.001 N/A
Paramedics 3 11.46(3.62, 19.31) 0.004 94%
Mixed staff 4 15.44(11.13, 19.75) <0.001 47%
Intraosseous device type

EZ-10 6 11.32(3.84, 18.79) 0.003 97%
BIG 2 9.78(8.27, 11.29) <0.001 0%
Jamshidi 1 34.50(23.62, 45.38) <0.001 N/A

Abbreviations: N/A, Not applicable; 10, intraosseous access; BIG, Bone Injection Gun.
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4. PODSUMOWANIE | WNIOSKI

Monotematyczny zbidr prac dotyczgcych zastosowania dostepow doszpikowych
w warunkach medycyny ratunkowej sktada sie z pieciu publikacji [84-88]. Jedno badanie
byto praca pogladowa [84], trzy badania zostaty przeprowadzone w warunkach symulacji
medycznej [86-88], za$ jedna byta przeglagdem systematycznym i meta-analizg [85].

Pierwsze badanie byto pracg poglgdowg, ktéra stanowita swoiste wprowadzenie
do cyklu prac dotyczacych stosowania wktué doszpikowych [84]. Niniejsza praca miatfa na
celu przyblizenie czytelnikowi wskazan, przeciwskazan oraz potencjalnych powikfan wktu¢
doszpikowych.

Celem drugiej pracy byta analiza efektywnosci stosowania wkiu¢ doszpikowych
(NIO-P, EZ-10, oraz iglty Jamshidi) w odniesieniu do symulowanego pacjenta
pediatrycznego z podejrzeniem COVID-19 [86]. Jako metode referencyjng uzyskania
dostepu donaczyniowego wykorzystano dostep dozylny. Badanie zostato zaprojektowane
i przeprowadzone jako prospektywne, obserwacyjne, randomizowane, krzyzowe badanie
symulacyjne. Do badania wtgczono 65 pielegniarek, ktdre wykonywaty dostep doszpikowy
w odniesieniu do symulowanego pacjenta pediatrycznego chorego na COVID-19.
W zwigzku z powyzszym wszelkie procedury byty wykonywane przez uczestnikdédw badania
ubranych w petne kombinezony ochronne. Jako metode kontrolng wykorzystano dostep
dozylny. Analizie poddano takie parametry jak: skuteczno$é¢ uzyskania dostepu
doszpikowy, czas trwania procedury oraz fatwos$¢ jej wykonania. Dodatkowo oceniano
subiektywne preferencje pielegniarek dotyczace optymalnej metody uzyskiwania dostepu
donaczyniowego u pacjenta pediatrycznego z COVID-19.

Celem trzeciej pracy byto poréwnanie dwéch wktué doszpiowych (NIO oraz B.1.G.)
podczas symulowanej resuscytacji krgzeniowej [87]. Badanie — podobnie jak badanie
powyzej — zostato zaprojektowane jako prospektywne, randomizowane, obserwacyjne
krzyzowe badanie symulacyjne. Uzyskiwanie dostepdéw doszpikowych miato miejsce
podczas symulowane] resuscytacji krazeniowo — oddechowej osoby dorostej. 40
ratownikdw medycznych wykonywato uzyskiwanie dostepow doszpikowych stosujac
odpowiednio wktucie B.l.G. oraz NIO. Zaréwno kolejnos¢ uczestnikow jak i metod
uzyskania dostepu doszpikowego byly losowe. Ocenie poddano parametry czasowe

zwigzane z wprowadzeniem igty do jamy doszpikowej, nastepnie jej stabilizacje oraz czas
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do podtaczenia linii infuzyjnej. Dodatkowo oceniano wiedze z zakresu potencjalnych
powikfan wktu¢ doszpikowych jak rowniez skutecznos¢ uzyskania dostepu doszpikowego.

Celem czwartej pracy byta analiza efektywnosci uzyskiwania dostepéw
doszpikowych (B.l.G. oraz igty Jamshidi) przez ratownikow medycznych [88]. Badanie
czwarte rowniez byto zaprojektowane jako badanie randomizowane krzyzowe za$
uczestnicy badania wykonywali procedure wktucia doszpikowego z i bez kombinezonu
CBRN. Badanie byto wykonywane w warunkach symulacyjnych. Ocenie poddano wptyw
stosowania kombinezonéw ochronnych na czas wykonania procedury poszczegdlnymi
metodami. Zaréwno kolejnos¢ uczestnikow jak i metod badawczych byty losowe.

Celem piatej pracy byto poréwnanie efektywnosci stosowania wktu¢ doszpikowych
oraz dozylnych w przypadku pacjentéw z podejrzeniem badz potwierdzeniem choroby
zakaznej [85]. Badanie zostato zaprojektowane jako przeglad systematyczny i meta-
analiza, oraz zostato przeprowadzone zgodnie z wytycznymi PRISMA. Badanie miato na
poréwnanie efektywnosci i bezpieczenstwa stosowania wktué¢ doszpikowych oraz
dozylnych przez personel medyczny ubrany w kombinezony ochronne. Podczas przegladu
systematycznego dokonano przeszukania elektronicznych baz danych w tym PubMed,
Scopus, EMBASE, Web of Science oraz bazy CENTRAL. W celu przeszukiwania w/w baz
danych postuzono sie predefiniowanymi stowami kluczowym. Ostatnie przeszukanie baz
danych miato miejsce 10 kwietnia 2020 roku. Przeszukanie baz danych na podstawie stow
kluczowych wykazato 947 rekorddéw bibliograficznych, z ktdérych po usunieciu
powtarzajacych sie artykutéw, wstepnej analizie prac na podstawie tytutow i streszczen
a nastepnie analizie petnych tekstéw artykutéw zakwalifikowano do meta-analizy 8 badan
[88-95].

Uzyskanie dostepu donaczyniowego stanowi kluczowg procedure wykonywang
zarowno w warunkach przedszpitalnych jak i szpitalnych. U pacjentéw z zatrzymaniem
krazenia jest to metoda z wyboru podazy lekéw resuscytacyjnych, podobnie jak
w przypadku pacjentdw we wstrzgsie — metoda do uzupetniania ptynéw podczas
resuscytacji ptynowej [96,97]. W przypadku pacjentéw, u ktdérych obserwowane jest
zapadniecie tozyska naczyniowego uzyskanie dostepu dozylnego jest niejednokrotnie
wydtuzone w czasie z uwagi na liczne préby wykonania procedury — badz czasami

catkowicie niemozliwe do wykonania [98]. W takich przypadkach pomocne mogg by¢
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wktucia doszpikowe, ktdre niejednokrotnie zapewniajg najszybszy sposéb uzyskania
dostepu do uktadu krazenia, szybkiego podawania lekéw i ptynéw w stanach nagtych [99].

Juz w 2000 roku wytyczne Emergency Cardiovascular Care zalecaty wykorzystanie
dostepu doszpikowego u wszystkich pacjentow pediatrycznych we wstrzgsie, gdy pierwsze
dwie préby uzyskania dostepu dozylnego byty nieskuteczne [100]. W 2010 roku wytyczne
Amerykanskiego Towarzystwa Kardiologicznego wskazywato dostepy doszpikowe jako
metode uzyskiwania dostepu donaczyniowego w przypadku, gdy nie mozna uzyskaé
dostepu dozylnego [5]. Obecnie dostep doszpikowy jest rekomendowang technika
uzyskania dostepu do uktadu naczyniowego podczas zatrzymania krazenia zaréwno
u pacjentéw pediatrycznych jak i osob dorostych [101,102]. Z kolei w przypadku
zdekompensowanego wstrzagsu wktucie doszpikowe powinno by¢ wykorzystane, gdy
proba dostepu dozylnego zakoriczy sie niepowodzeniem. Wyjgtkiem w tym aspekcie sg
noworodki, gdzie metody z wyboru w celu podazy lekdow i ptyndw jest kaniulacja zyty
pepowinowej [103], jednakze jak wskazuje Scrivens i wsp. Jezeli dostep doszpikowy bedzie
szybszg metodg uzyskania dostepu donaczyniowego powinien byé rédwniez stosowany
w aspekcie noworodkow [104].

Jak wskazujg Sergjerd i wsp. wktucia doszpikowe znajdujg réwniez zastosowanie
w warunkach transportu pacjentéw za pomocg Smigtowcdw ratunkowych [105]. Sgrgjerd
i wsp. poréwnujgc dwa rodzaje wktu¢: wktucie EZ-I0 oraz wktucie FAST-Responder
wykazali, iz EZ-I0 w porownaniu z FAST-Responder byta szybszg metoda uzyskania
dostepu doszpikowego, jednakie w przypadku FAST-Responder mozliwe byto
zastosowanie wyzszych przeptywywoéw ptyndéw infuzyjnych. Z kolei Helm i wsp. analizujgc
zastosowanie EZ-10 w niemieckim lotniczym pogotowiu ratunkowym wykazali catkowita
skutecznos¢ tego typu urzadzenia na poziomie 99,6% przy jednoczesnej skutecznosci
pierwszej proby uzyskania dostepu doszpikowego na poziomie 85,9% [25]. Jednoczesnie
Helm i wsp. wskazuja, iz najczesciej preferowang lokalizacjg dostepu doszpikowego byta
proksymalna czes¢ kosci piszczelowej (87,2%), nastepnie czes¢ dystalna kosci piszczelowej
(7,5%) oraz kos¢ ramienna (5,3%). Ponadto Helm i wsp. wykazali, iz dostep doszpikowy
stanowit postepowanie z wyboru u 64% pacjentow pediatrycznych. Skutecznos¢ EZ-10
w warunkach zespotéw naziemnych ratownictwa medycznego wskazywana przez Santosa

i wsp. wynosita 90% [36].
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Jak juz wspomniano powyzej uzyskiwanie dostepu dozylnego w niektérych
sytuacjach moze by¢ utrudnione [106]. Wptyw na zmniejszenie efektywnosci procedury
uzyskiwania dostepu donaczyniowego moze mie¢ réwniez wykonywanie niniejszej
procedury w kombinezonach ochronnych, ktére sg stosowane w przypadku wykonywania
interwencji wobec pacjentéw z podejrzeniem badz potwierdzeniem COVID-19 [107,108].
Wykonywanie procedur medycznych w petnych ubraniach ochronnych jak wskazujg
doniesienia literaturowe wptywajg na zmniejszenie efektywnosci wykonywanych
procedur medycznych prezentujgce sie w postaci wydtuzenia czasu trwania
poszczegdlnych procedur czy tez zmniejszeniem statecznosci ich wykonywania. Powyzsza
zalezno$¢ obserwowana jest zarowno w aspekcie jakosci kompresji klatki piersiowe;j
[109-111], zabezpieczania droznosci drog oddechowych [112,113] jak réwniez wobec
omawianego zakresu procedur — czyli uzyskiwania dostepdw donaczyniowych [114,115].
W badaniu Lamhaut i wsp. zastosowanie kombinezonu CBRN wptyneto na wydtuzenie
czasu trwania procedury uzyskania dostepu dozylnego z 70+30s do 104+30s [108].

Jak wskazuje Lamhaut i wsp. [108] zastosowanie wktucia doszpikowego
w porownaniu z dostepem dozylnym wigzato sie z krétszym czasem trwania procedury
(odpowiednio 50+9s oraz 70#30s). Podobna zaleznos¢ byta rowniez obserwowana
podczas wykonywania procedury w kombinezonach CBRN (odpowiednio 65+17s oraz
104+30s). W badaniu porownujgcym efektywnos¢ uzyskania dostepu doszpikowego
z wykorzystaniem urzgdzenia B.l.G. oraz igty Jamshidi wykazano istotng rownice w czasie
trwania procedury (odpowiednio 22+7s oraz 35+8s). Z kolei w przypadku wykonywania
dostepu doszpikowego w scenariuszu, gdy uczestnicy badania byli ubrani w kombinezony
ochronne CBRN (29,5+13,2 s oraz 69,5+34,2s). Dodatkowa analiza wykazata,
iz wykonywanie procedury uzyskania dostepu doszpikowego w petnym kombinezonie
ochronnym wigzato sie z istotnym wydtuzeniem czasu trwania procedury w przypadku igty
Jamshidi (p<0,001), jednakze nie byto obserwowane w przypadku zastosowania wktucia
doszpikowego B.1.G. (p=0,063).

Uzyskiwanie dostepu donaczyniowego w kombinezonach CBRN moze by¢
problematyczne rowniez w odniesieniu do pacjentow pediatrycznych. Jak wykazano
w przeprowadzonym autorskim badaniu, skutecznos¢ uzyskiwania dostepu dozylnego za
pomocg standardowej kaniuli dozylnej wynosita zaledwie 69,2%, zas w przypadku wktuc

doszpikowych wynosita od 80% do 100% w zaleznosci od typu wktucia doszpikowego [86].
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Podobna zaleznos¢ byta obserwowana réwniez przez El-Nawawy i wsp. w przypadku
pacjentéw pediatrycznych prezentujgcych objawy wstrzagsu septycznego [116].
El-Nawawy wykazali wowczas, iz w przypadkach nagtych podobnie jak ma to miejsce w
przypadku wstrzasu, w celu uzyskania szybkiego dostepu donaczyniowego zalecang
metody jest dostep doszpikowy. Obnizenie efektywnosci procedur medycznych
wykonywanych w kombinezonach ochronnych wynika z faktu, iz personel medyczny ma
zatozone podwdjne rekawiczki, ktdre ograniczajg czucie i zdolnosci manipulacyjne [117],
jak réwniez problemy z widocznoscig w przypadku nadmiernego zaparowywania okularéow
ochronnych i przytbic. Dodatkowo w przypadku dtugiego czasu stosowania kombinezonu
ochronnego dochodzi do przegrzania organizmu — zwtaszcza podczas aktywnego

prowadzenia akcji reanimacyjnej [118].

Przeprowadzone badania pozwalajg na sformutowanie nastepujgcych wnioskow:

e W warunkach wykonywania dostepu donaczyniowego przez personel medyczny
ubrany w petne kombinezony ochronne dostep doszpikowy w pordédwnaniu
z dostepem dozylnym wigze sie z krétszym czasem trwania procedury jak réwniez
zwiekszeniem skutecznosci procedury.

e Istniejg istotne statystycznie rdznice pomiedzy wktuciami doszpikowymi
potautomatycznymi i EZIO a igtg Jamshidi.

e Zastosowanie petnych kombinezonéw ochronnych wptywa na wydtuzenie czasu
trwania procedury uzyskania dostepu donaczyniowego jak rowniez zmniejszenia

pierwszej préby jej wykonania.

85



86



5. OSWIADCZENIA AUTOROW PUBLIKACJI

87



Marta Wolska Warszawa, 30/05/2022

(imig i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspélautor pracy:

Drozd A, Wolska M, Szarpak L. Interosseous vascular access in emergency and trauma settings:
a comparison of the most universally used intraosseous devices. Expert Rev Med Devices. 2021

Sep; 18(9):855-864. doi: 10.1080/17434440.2021.1962287.

oéwiadczam, iz méj wiasny wkiad merytoryczny w przygotowaniu, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi wspétudziat w:
analizie piémiennictwa oraz opracowaniu pierwotnej oraz koficowej wersji manuskryptu. Méj
udziat procentowy w przygotowaniu publikacji okreslam jako 20%.

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

doktorskiej Anny Drozd.
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Marta Wolska
(podpis oswiadczajqcego)
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Dr hab. n. med. tukasz Szarpak Warszawa, 30/05/2022

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE
Jako wspotautor pracy:

Drozd A, Wolska M, Szarpak L. Intraosseous vascular access in emergency and trauma
settings: a comparison of the most universally used intraosseous devices. Expert Rev

Med Devices. 2021; 18(9):855-864. doi: 10.1080/17434440.2021.1962287

oéwiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badari oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w: poszukiwaniu piémiennictwa oraz opracowaniu finalnej wersji manuskryptu. Méj
udziat procentowy w przygotowaniu publikacji okrestam jako 20%.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czgsci rozprawy
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ﬂ hab. n. med. tukg#z Szarpak
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doktorskiej Anny Drozd.

89



Dr hab. n. med. Jacek Smereka Wroctaw, 30/06/2022

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE
Jako wspétautor pracy:

Drozd A, Smereka J, Filipiak KJ, Jaguszewski M, tadny JR, Bielski K, Nadolny K, Ruetzler
K, Szarpak t. Intraosseous versus intravenous access while wearing personal protective
equipment: a meta-analysis in the era of COVID-19. Kardiol Pol. 2021; 79(3):277-286.
doi: 10.33963/KP.15741

o$wiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi wspé6tudziat
w przeszukaniu literatury oraz opracowaniu ostatecznej wersji manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

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

doktorskiej Anhy Drozd.
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Prof. Krzysztof J. Filipiak Warszawa, 30/06/2022

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Drozd A, Smereka J, Filipiak KJ, Jaguszewski M, tadny JR, Bielski K, Nadolny K, Ruetzler
K, Szarpak t. Intraosseous versus intravenous access while wearing personal protective

equipment: a meta-analysis in the era of COVID-19. Kardiol Pol. 2021; 79(3):277-286.
doi: 10.33963/KP.15741

oéwiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w opracowaniu finalnej wersji manuskryptu. Méj udziat procentowy w przygotowaniu
publikacji okreslam jako 5%.

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

doktorskiej Anny Drozd.
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OSWIADCZENIE
Jako wspétautor pracy:

Drozd A, Smereka J, Filipiak KJ, Jaguszewski M, tadny JR, Bielski K, Nadolny K, Ruetzler
K, Szarpak t. Intraosseous versus intravenous access while wearing personal protective
equipment: a meta-analysis in the era of COVID-19. Kardiol Pol. 2021; 79(3):277-286.
doi: 10.33963/KP.15741

o$wiadczam, iz méj witasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w opracowaniu finalnej wersji manuskryptu. Méj udziat procentowy w przygotowaniu
publikacji okreslam jako 5%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Anny Drozd.
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Prof. Jerzy R. tadny Biatystok, 30/06/2022
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oéwiadczam, iz mé6j wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w opracowaniu finalnej wersji manuskryptu. M6j udziat procentowy w przygotowaniu
publikacji okre$lam jako 5%.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Anny Drozd.
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doktorskiej Anny Drozd.
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equipment: a meta-analysis in the era of COVID-19. Kardiol Pol. 2021; 79(3):277-286.
doi: 10.33963/KP.15741

oéwiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi wsp6tudziat
w przeszukaniu literatury oraz opracowaniu ostatecznej wersji manuskryptu. M6j udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

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

'Ml"7

Dr hab. Klaudiusz Nadginy

doktorskiej Anny Drozd.

(podpis o$wiadczajgtego)
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Dr hab. n. med. tukasz Szarpak Warszawa, 30/06/2022

(imig i nazwisko) (miejscowosé, data)

OSWIADCZENIE
Jako wspétautor pracy:

Drozd A, Smereka J, Filipiak KJ, Jaguszewski M, tadny JR, Bielski K, Nadolny K, Ruetzler
K, Szarpak t. Intraosseous versus intravenous access while wearing personal protective

equipment: a meta-analysis in the era of COVID-19. Kardiol Pol. 2021; 79(3):277-286.
doi: 10.33963/KP.15741

o$wiadczam, iz m6j wtasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w: poszukiwaniu pismiennictwa, analizie statystycznej oraz opracowaniu finalnej wersji
manuskryptu. Méj udziat procentowy w przygotowaniu publikacji okreslam jako 10%.
Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy

G -

hab n. med. tukaszSzarpak
(podpis o$wiadcgajacego)

doktorskiej Anny Drozd.
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Dr hab. n. med. Jacek Smereka Wroctaw, 30/08/2022

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49: 189-194. doi: 10.1016/j.ajem.2021.05.080

oéwiadczam, iz m6j whasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi wspoétudziat
w analizie statystycznej oraz opracowaniu ostatecznej wersji manuskryptu. M6j udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Anny Drozd.

Medyezny we Wrodtawiu
OowiU
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Michal Pruc Warszawa, 30/06/2022

(imig i nazwisko) (miejscowosé, data)

OS$SWIADCZENIE

Jako wspoétautor pracy:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49: 189-194. doi: 10.1016/j.ajem.2021.05.080

oéwiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi wspoétudziat
w przeszukaniu literatury oraz opracowaniu ostatecznej wersji manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

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

doktorskiej Anny Drozd.

7p- vl

Michal Pruc‘
(podpls o$wiadczajacego)
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Dr Marek Matysz Warszawa, 30/06/2022

(imie i nazwisko) (miejscowo$é, data)

OSWIADCZENIE

Jako wspétautor pracy:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49: 189-194. doi: 10.1016/j.ajem.2021.05.080

o$wiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w przeszukaniu literatury oraz opracowaniu ostatecznej wersji manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

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

doktorskiej Anny Drozd.

’“‘\.4‘ M\o s'a,

Dr Marek Matysz
(podpis o$wiadczajacego)
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Dr hab. Aleksandra Gasecka Warszawa, 30/08/2022

(imie i nazwisko) (miejscowos¢, data)

O$WIADCZENIE

Jako wspotautor pracy:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49: 189-194. doi: 10.1016/j.ajem.2021.05.080

oéwiadczam, iz méj witasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi wspotudziat
w przeszukaniu literatury oraz opracowaniu ostatecznej wersji manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

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

doktorskiej Anny Drozd.

Meksanolw. ©12 sechkaq

Dr hab. Alek’sandra Gasecka

(podpis o$wiadczajqcego)
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Dr n. med. Maciej Cyran Warszawa, 30/08/2022

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49: 189-194. doi: 10.1016/j.ajem.2021.05.080

o$wiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w zbieraniu materiatu oraz opracowaniu ostatecznej wersji manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

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

doktorskiej Anny Drozd.

=z

Dr n. med. Maciej Cyran
(podpis oswiadczajacego)
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Prof. Lars Konge Kopenhagen, June 20, 2022

(Name and Surname) (City, Data)

STATEMENT

As a co-author of the work:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49:189-194. doi: 10.1016/j.ajem.2021.05.080.

| declare that my own substantive contribution to the preparation, conduct and
development of research and presentation of the work in the form of a publication is a
participation in: developing the final version of the manuscript. | define my percentage

share in the preparation of the publication as 5%.

At the same time, | consent to the use of the above-mentioned article as part of Anna

Drozd doctoral dissertation.

fam Hhny

Prof. Lars Konge
(Signature)
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Dr. Leyla Ozturk Sonmez Konya, Turkey, June 20, 2022

(Name and Surname) (City, Data)

STATEMENT

As a co-author of the work:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L,
Szarpak L. Comparison of intravascular access methods applied by nurses wearing
personal protective equipment in simulated COVID-19 resuscitation: A randomized
crossover simulation trial. Am J Emerg Med. 2021; 49:189-194. doi:
10.1016/j.ajem.2021.05.080.

| declare that my own substantive contribution to the preparation, conduct and
development of research and presentation of the work in the form of a publication is a
participation in: developing the final version of the manuscript. | define my percentage

share in the preparation of the publication as 5%.

At the same time, | consent to the use of the above-mentioned article as part of Anna

N e

Leyla Ozturk Sonmez

Drozd doctoral dissertation.

(Signature)

104




Dr hab. n. med. tukasz Szarpak Warszawa, 30/08/2022

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE
Jako wspétautor pracy:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49: 189-194. doi: 10.1016/j.ajem.2021.05.080

o$wiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badari oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w zbieraniu materiafu, analizie statystycznej oraz opracowaniu ostatecznej wersji
manuskryptu. Méj udziat procentowy w przygotowaniu publikacji okreslam jako 15%.

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

ab. n. med%‘u Szarpak
(podpis oéiadczajacego)

doktorskiej Anny Drozd.




Dr n. med. Zenon Truszewski Warszawa, 30/05/2022

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspétautor pracy:

Ramirez JG, Truszewski Z, Drozd A. Comparison of two intraosseous access devices
employed during simulated cardiopulmonary resuscitation. A prospective, randomized,

crossover, manikin study. Disaster and Emerg Med. J. 2016; (1(1): 24-29. doi:
10.5603/DEM)J.2016.004.

o$wiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi

wspétudziat w: analizie piémiennictwa oraz opracowaniu korficowej wersji

manuskryptu. Méj udziat procentowy w przygotowaniu publikacji okreslam jako 20%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czgsci rozprawy
doktorskiej Anny Drozd.

(-—/
Zo@a[. (M (2 0 L4y ¢

Dr n. med. Zenon Truszewski
bewbdcahoego)
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Jorge Garau Ramirez Valencia, Spain, June 21, 2022

(Name and Surname) (City, Data)

STATEMENT

As a co-author of the work:

Ramirez JG, Truszewski Z, Drozd A. Comparison of two intraosseous access devices

durig simulated cardiopulmonary resuscitation. A prospective, randomized, crossover,

manikin study. Disaster Emerg Med J. 2016; 1(1):24-29. doi: 10.5603/DEM).2016.0004.

| declare that my own substantive contribution to the preparation, conduct and

development of research and presentation of the work in the form of a publication is a

participation in: collection data and developing the final version of the manuscript. |

define my percentage share in the preparation of the publication as 40%.

At the same time, | consent to the use of the above-mentioned article as part of Anna
Drozd doctoral dissertation.
/’
Lot

Jorge Garau Ramirez (Signature)
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Dr hab. tukasz Szarpak Warszawa, 30/08/2022

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE

Jako wspoétautor pracy:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49: 189-194. doi: 10.1016/j.ajem.2021.05.080

oéwiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w zbieraniu materiatu, analizie statystycznej oraz opracowaniu ostatecznej wersji
manuskryptu. M6j udziat procentowy w przygotowaniu publikacji okreslam jako 15%.

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

%‘V\A@-
Dr hab. tukasy Szarpak
(podpis o$wiad¢zajacego)

doktorskiej Anny Drozd.
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Jorge Garau Ramirez Valencia, Spain, June 21, 2022

(Name and Surname) (City, Data)

STATEMENT

As a co-author of the work:

Szarpak L, Ramirez JG, Buljan D, Drozd A, Madziata M, Czyzewski L. Comparison of Bone
Injection Gun and Jamshidi intraosseous access devices by paramedics with and without
chemical-biological-radiological-nuclear personal protective equipment: a randomized,
crossover, manikin trial. Am J Emerg Med. 2016 Jul;34(7):1307-8. doi:
10.1016/j.ajem.2016.04.032

| declare that my own substantive contribution to the preparation, conduct and
development of research and presentation of the work in the form of a publication is a
participation in: collection data and developing the final version of the manuscript. |

define my percentage share in the preparation of the publication as 5%.

At the same time, | consent to the use of the above-mentioned article as part of Anna

) 2 T

J# Garau Ramirez (Signature)

Drozd doctoral dissertation.
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Domagoj Buljan Osijek, Croatia, June 21, 2022

(Name and Surname) (City, Data)

STATEMENT

As a co-author of the work:

Szarpak L, Ramirez JG, Buljan D, Drozd A, Madziata M, Czyzewski L. Comparison of Bone
Injection Gun and Jamshidi intraosseous access devices by paramedics with and without
chemical-biological-radiological-nuclear personal protective equipment: a randomized,
crossover, manikin trial. Am J Emerg Med. 2016 Jul;34(7):1307-8. doi:
10.1016/j.ajem.2016.04.032

| declare that my own substantive contribution to the preparation, conduct and
development of research and presentation of the work in the form of a publication is a
participation in: collection data, and developing the final version of the manuscript. |

define my percentage share in the preparation of the publication as 5%.

At the same time, | consent to the use of the above-mentioned article as part of Anna

Drozd doctoral dissertation.
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Dr hab. tukasz Czyzewski Warszawa, 30/08/2022

(imig i nazwisko) (miejscowosé, data)

OSWIADCZENIE
Jako wspoétautor pracy:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49: 189-194. doi: 10.1016/j.ajem.2021.05.080

o$wiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi wsp6tudziat
w zbieraniu materiatu oraz opracowaniu ostatecznej wersji manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 10%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Anny Drozd.

Czree v ly £
Dr‘mb. tukasz Czyzewski
(podpis o$wiadczajacego)
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Dr Marcin Madziata Warszawa, 30/08/2022

(imie i nazwisko) (miejscowosé, data)

OSWIADCZENIE
Jako wspétautor pracy:

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO, Cyran M, Konge L, Szarpak
L. Comparison of intravascular access methods applied by nurses wearing personal
protective equipment in simulated COVID-19 resuscitation: A randomized crossover

simulation trial. Am J Emerg Med. 2021; 49: 189-194. doi: 10.1016/j.ajem.2021.05.080

o$wiadczam, iz m6j wiasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi wspétudziat
w zbieraniu materiatu oraz opracowaniu ostatecznej wersji manuskryptu. Méj udziat
procentowy w przygotowaniu publikacji okreslam jako 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej Anny Drozd.

Madzane

Dr Marcin Madziata

(podpis oswiadczajacego)
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