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SUMMARY — According to current European Resuscitation Council guidelines, priorities in ad-
vanced life support in adult are chest compression with minimal interruption and early defibrillation.
Endotracheal intubation is still considered the gold standard in airway management, but guidelines
suggest that securing the airway be incremental, ranging from basic techniques to more complex
ones. Doctors who work in pre-hospital emergency medicine teams (EMT) in Croatia usually lack
sufficient education and expertise. The aim of this study was to determine whether there was a signif-
icant difference in recovery of spontaneous circulation during cardiopulmonary resuscitation (CPR)
in out-of-hospital setting depending on the EMT airway management technique of choice. This
retrospective analysis included data collected during a 10-year period at the Krapina-Zagorje County
Emergency Medicine Institute on all patients with CPR performed by EMTs 20 minutes from ini-
tial emergency call. The airway management groups included oropharyngeal tube, i-gel supraglottic
device, and endotracheal tube. There were 968 patients, mean age 70. In 74.61% of patients, the cause
of arrest was of cardiac etiology. Our study did not find a statistically significant in difference of CPR
success among the three groups analyzed according to the airway management technique of choice

(p=0.74, x2-test).
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Introduction

Cardiovascular diseases are the leading cause of
death in the European Union (EU). The annual in-
cidence of out-of-hospital cardiac arrest (OHCA) in
Europe is 67 to 170 per 100,000 inhabitants'. Re-

suscitation is attempted or continued by emergency
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medical service (EMS) personnel in about 50%-60%
of cases'. Dispatch assisted cardiopulmonary resusci-
tation (CPR) is provided in 80% of European coun-
tries'. Survival following OHCA is only 10% or less®.
According to the European Resuscitation Council
(ERC) guidelines, high-quality chest compression
with minimal interruption, early defibrillation, and
treatment of reversible causes remain the priority
in adult life support®. During CPR, we should start
with basic airway techniques and progress stepwise
according to the skills of the rescuer until effective
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ventilation is achieved®’. The ERC guidelines sug-
gest that tracheal intubation be only used in settings
where the success rates are high, i.e., only rescuers
with a high tracheal intubation success rate should
use tracheal intubation®. The expert consensus is that
a high success rate is over 95% within two attempts
at intubation®. Pre-hospital care is provided by EMS
and there are variations in the way it is organized
greatly between the 27 EU countries. In Croatia, we
distinguish two types of medical teams in pre-hospi-
tal emergency settings: T1 team (MD, nurse/medical
technician and licensed driver ) and T2 team (two
medical technicians/nurses). Most of physicians are
young, lacking experience and without specialist
training. The best initial approach to advanced air-
way management during OHCA is yet unknown®.
Despite the fact that endotracheal intubation (ETI)
is the gold standard in airway management, when it
is performed by pre-hospital MD without training
and experience, it can be associated with complica-
tions, e.g., interruptions in chest compression, unrec-
ognized esophageal intubation, compromised oxy-
genation, and trauma. The traditional role of tracheal
intubation has been challenged by the introduction
of supraglottic airway devices (SGAs)*. SGAs are an
alternative to intubation. They are faster and easier to
insert and may reduce the complications associated
with tracheal intubation®. The risk of regurgitation
is higher during OHCA and SGAs may dislodge
more frequently than tracheal tubes®. A randomized
clinical trial in OHCA patients published in 2018
concluded that favorable neurological status at dis-
charge, survival to hospital discharge, and return of
spontaneous circulation (ROSC) on arrival to the
emergency department (ED) were in favor of laryn-
geal tube insertion over ETI”. Moreover, a random-
ized controlled trial (RCT) by carried out by Benger
et al.in a similar setting showed no significant favor-
able functional outcome at 30 days when comparing
SGA and ETT®. It is clear that discussion is still go-
ing on about the effects of airway intervention tech-
niques used during CPR in pre-hospital settings. The
aim of this study was to establish whether there was
a significant difference in the results of out-of-hos-
pital resuscitation or ROSC depending on the airway
management technique used, i.e., endotracheal tube
(ET), i-gel supraglottic device (SGA) and oropha-
ryngeal tube.
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Patients and Methods

We retrospectively analyzed data on patients from
the e-Emergency program having undergone pre-hos-
pital cardiopulmonary resuscitation. The research was
conducted in Croatia at the Emergency Medicine In-
stitute of the Krapina-Zagorje County and included
a ten-year period from June 1, 2012 to May 31, 2022.
The study did not include patients with incomplete
medical documentation in the e-Emergency database
and those who did not have the Utstein form filled out.

Considering the specific working conditions in
pre-hospital emergency medical service, as well as
the inability to obtain complete past medical history,
standardized programs/databases were created, such as
e-Emergency database.

A single patient form is based on SAMPLE (S —
signs/symptoms, A — allergies, M — medications, P —
past medical history, L. — last oral intake, E — events
leading up to present illness) and ABCDE (A- airway,
B-breathing, C-circulation, D-disability, E-exposure)
assessment, vital parameters, Glasgow Coma Scale
(GCS), rTS (revised Trauma Score), electrocardio-
gram (ECG) and immediate emergency medical mea-
sures. Therefore the main data source was the Utstein
form, an internationally accepted form of reporting the
CPR outcome, which is an integral part of e-Emer-
gency database. The inclusion criterion was that CPR
was performed by EMS (out-of-hospital emergency
medical services) teams within 20 minutes of the call.

The following parameters were analyzed: sex, age,
cause of arrest, time from the onset of arrest to team
arrival, implementation of Basic Life Support (BLS)
until arrival of the team, initial ECG rhythm, method
of maintaining the airway, occurrence of ROSC and
sustained ROSC until arrival at the hospital depend-
ing on the method of maintaining the airway. Tech-
niques for maintaining the airway that were analyzed
were oropharyngeal tube, i-gel supraglottic device and
endotracheal tube.

Statistical analysis and data visualization was per-
formed with MedCalc, version 19.1.2. (MedCalc
Software, Ostend, Belgium) statistical software. Cate-
gorical variables were presented as whole numbers and
percentages. The x’-test was used to test differences
among the groups. Data distribution normality was
assessed with Kolmogorov-Smirnov test. Statistical
significance was set at p<0.05.
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'The study was approved by the Ethics Committee
of the Krapina-Zagorje County Emergency Medicine
Institute, in accordance with the World Medical As-
sociation outlined in the Declaration of Helsinki (eth-
ical principles for medical research involving human
subjects). OHCA is unpredictable. Within seconds
of cardiac arrest, a person becomes unconscious and
thus incapacitated. In this situation, it is impractical to
consult another person without placing the potential
participant at risk of harm from delaying treatment.
Therefore, it was not possible to seek consent before
enrolment and intervention.

Results

The research included 968 patients, 631 (65.18%)
male and 337 (34.81%) female patients, mean age 70,
with deviation of 14.81. The youngest patient who
underwent CPR was aged 4 years and the oldest was
aged 88 years. The mean time to team arrival was 12
minutes and 36 seconds. In 45.5% of patients, BLS
was performed until arrival of the EMS team (Table
1). In 20.93% of patients, BLS was managed by a dis-

Table 1. Performing Basic Live Support before emergency

team arrival

Basic Life Support
Yes 441 45.5%
No 482 49.7%
Unknown 45 4.7%
Total 968 100.0%

patcher of the medical reporting unit (DMRU) until
arrival of the emergency medicine team. The most fre-
quent cause of arrest was of cardiac etiology, recorded
in 74.61% of patients (Table 2). The most common

Table 2. Causes of arrest

Cause of arrest n

Asphyxia 36 3.7%
Cardiac etiology 723 74.6%
Unknown 175 18.2%
Trauma 28 2.9%
Poisoning 4 0.4%
Drowning 2 0.2%
Total 968 100.0%
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initial heart rhythm was asystole in 67.3%, followed
by pulseless electrical activity (PEA) in 19% and ven-
tricular fibrillation (VF) in 11.9% of patients, while
the arrest rhythm was ventricular tachycardia (VT)
found in only 1.8% of patients (Fig. 1). The airway was
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Fig. 1. Patient distribution according to initial rhythm.

secured in 29.5% of patients with an oropharyngeal
tube, in 62% of patients with i-gel SGA, and in 9.5%
of patients with an endotracheal tube (Table 3). The

Table 3. Methods of airway maintenance

Method of airway maintenance n
Endotracheal tube 92 9.5%
i-gel supraglottic airway 601 62%
Oropharyngeal tube 275 29.5%
Total 968 100.0%

methods of maintaining the airway patency were ana-
lyzed according to gender (Table 4), age (Table 5), and
cause of the arrest (Table 6), yielding no statistical-
ly significant difference. ROSC was achieved in 178
(18.38%) patients and maintained in 127 (13.11%)
patients until hospital admission. When analyzing
ROSC occurrence and maintaining until arrival to the
hospital, there was no statistically significant gender
difference (Table 7) or age group difference (Table 8).
The occurrence of ROSC and maintaining were also
analyzed according to the cause of arrest, i.e., cardiac
causes, asphyxiation, trauma, drowning, poisoning and
unknown causes, as illustrated in Table 9. When com-
paring ROSC and different methods of airway main-
tenance in patients where the initial rhythm was VF,
there was no statistically significant difference (p=0.74,
x*-test) (Table 10). Furthermore, when comparing pa-
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Table 4. Airway method: comparison between genders

Airway Male Female p=0.027*
Endotracheal tube 56 (8.8%) 36 (10.6%)
i-gel 378 (60.0%) 223 (66.2%)
Oropharyngeal tube 197 (31.2%) 78 (23.2%)
*x?-test; values are expressed as number (%)
Table 5. Airway method: comparison among age groups
Age group (years)
Airway 0-9 9-19 20-64 265 p<0.001*
Endotracheal tube 0 (0 %) 0 (0 %) 26 (6.4 %) 66 (11.8 %)
i-gel 6 (100 %) 4 (100 %) 356 (88.7 %) 235 (42.2 %)
Oropharyngeal tube |0 (0 %) 0 (0 %) 19 (4.7 %) 256 (46 %)
*x?-test; values are expressed as number (%)
Table 6. Airway method: comparison among causes of arrest
Cause of arrest
Airway Cardiac Asphyxia Trauma Unknown | Poisoning | Drowning | p<0.001*
Endotracheal tube |69 (9.5%) 3 6(21.4%) |11 2 1
(8.3%) (6.2%) (50%) (50%)
i-gel 456 (63%) |12 2 130 0 1
(33.3%) (7.1%) (74.2%) (0%) (50%)
Oropharyngeal 198 (27.5%) |21 (58.3%) |20 (71.5%) |34 2 0
tube (19.4%) (50%) (50%)
*X2-test; values are expressed as number (%)
Tuble 7. Return of spontaneous circulation (ROSC) outcomes: comparison between genders
ROSC Gender (male) Gender (female) p<0.001*
Ever 127 (20.1%) 80 (23.7%)
Maintained 97 (15.3%) 59 (17.3%)
Never 407 (64.5%) 257 (59%)
*X2-test; values are expressed as number (%)
Table 8. Return of spontaneous circulation (ROSC) outcomes: comparison among age groups
Age group (years)
ROSC 0-9 9-19 20-64 265 p<0.001*
Ever 4 (50%) 0 (0%) 133 (25.6%) 70 (11.8%)
Maintained 2 (25%) 0 (0%) 117 (22.6%) 37 (6.2%)
Never 2 (25%) 4 (100%) 268 (51.8%) 487 (82%)

*X2-test; values are expressed as number (%)
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Table 9. Return of spontaneous circulation (ROSC) outcomes: comparison among causes of arrest

Cause of arrest

ROSC Cardiac Asphyxia Trauma Unknown Poisoning | Drowning | p<0.001*
Ever 173 12 7 13 2 0

(24%) (33.3%) (25%) (7.6%) (50%) (0%)
Maintained 141 5 4 4 2 0

(19.5%) (14%) (14.2%) (2.2%) (5 %) (0%)
Never 409 19 17 158 0 2

(56.5%) (52.7%) (60.8%) (90.2%) (0%) (100%)

*x?-test; values are expressed as number (%)

Table 10. Return of spontaneous circulation (ROSC) according to the method of maintaining airway when ventricular

Sibrillation is initial rhythm

ROSC
Method of airway maintenance Maintained Ever achieved
to hospital admission
Endotracheal tube 3 3 6 (6.1%)
i-gel supraglottic airway 24 39 63 (64.3%)
Oropharyngeal tube 13 16 29 (29.6%)
40 (40.8%) 58 (59.2%) 98

Table 11. Return of spontaneous circulation (ROSC) according to the method of maintaining airway when asystole is

initial rhythm
ROSC

Method of airway maintenance Maintained Ever achieved

to hospital admission
Endotracheal tube 9 11 20 (13.2%)
I-gel supraglottic airway 35 55 90 (59.2%)
Oropharyngeal tube 24 18 42 (27.6%)

68 (44.7%) 84 (55.3%) 152

Table 12. Return of spontaneous circulation (ROSC) according to the method of maintaining airway when pulseless

electrical activity is initial rhythm

ROSC

Method of airway maintenance

Maintained

to hospital admission

Ever achieved

Endotracheal tube 6 8 14 (25.5%)
i-gel supraglottic airway 9 19 28 (50.9%)
Oropharyngeal tube 4 9 13 (23.6%)

19 (34.5%)

36 (65.5%)

55
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tients with asystole as the initial rhythm, there was no
significant difference in ROSC (p=0.14, x*-test) (Ta-
ble 11). In patients with PEA, there was no signifi-
cant difference in ROSC until hospital admission and
ROSC maintenance either (p=0.74, x*-test) (Table
12). 'The group of patients whose initial ECG rhythm
was VT was small (n=15), thus we did not perform
statistical test for this patient group.

Discussion

The research compared three airway management
techniques in cardiopulmonary resuscitation applied
in out-of-hospital conditions. Among the main find-
ings of this study, the first is that pre-hospital EMS
personnel in Krapina-Zagorje County, Croatia, most
often chooses SGAs in OHCA (62%). Second, pa-
tients with ROSC suffered OHCA with initial shock-
able rhythm (VF).

As our study encompassed all age groups including
children, it is important to emphasize that the main
cause of arrest in children is of respiratory etiology.
Having that in mind, in CPR in children, airway man-
agement and ventilation are primary, whereas CPR
in adults considers chest compressions with minimal
interruptions and early defibrillation a priority. There
are variations in national practices in the world regard-
ing the use of different airway devices in pre-hospital
settings. The choice of technique and the potential of
success depend on the setting and training and skill
level of EMS personnel. In our research, there was no
significant difference in the outcome of resuscitation
among patients resuscitated by using different airway
management methods. Although ETI has been con-
sidered a definitive airway technique since no regur-
gitation and aspiration occur once placed, it requires
extensive technical skills and continuous training.
SGAs are simple to insert and require minimal train-
ing, so it is appropriate airway management in OHCA
for youngest physicians in pre-hospital settings. For
survival, “the links in the chain of survival” are cru-
cial, which include early emergency activation, early
CPR, carly defibrillation, and timely and appropriate
advanced care. We remind that dispatcher-initiated
telephone cardiopulmonary resuscitation (TCPR)
is independently associated with improved surviv-
al and improved functional outcome after OHCA”.
Although evidence supports the association between
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bystander automated external defibrillator (AED) use
and improved clinical outcomes, in our study AED
was used only once'®. Unfortunately, the research did
not show data on patient discharge from the hospital
with ROSC after CPR because in Croatia, the Utstein
form that is routinely filled out after every pre-hospital
CPR is not completed after hospital admission.

Conclusion

No significant difference in the incidence of ROSC
was proven to depend on the airway management tech-
nique, irrespective of the initial ECG rhythm in cardiac
arrest. Emergency medicine is a specialty in which time
is critical. We recommend ERC guidelines and stepwise
approach in CPR airway management in pre-hospital
settings according to EMS team expertise.

Acknowledgment

This study was supported by the Emergency Med-
icine Institute of the Krapina-Zagorje County, Krapi-

na, Croatia.

References

1. Perkins GD, Graesner JT, Semeraro F, Olasveengen T, Soar
J, Lott C, ez al.; European Resuscitation Council Guideline
Collaborators. European Resuscitation Council Guidelines
2021: Executive summary. Resuscitation. 2021 Apr;161:1-60.
doi: 10.1016/j.resuscitation.2021.02.003.

2. Grisner JT, Wnent ], Herlitz J, Perkins GD, Lefering R,
Tjelmeland 1, ez al. Survival after out-of-hospital cardiac
arrest in Europe — results of the EuReCa TWO study. Re-
suscitation. 2020 Mar 1;148:218-26. doi: 10.1016/j.resuscita-
tion.2019.12.042.

3. Soar], Béttiger BW, Carli P, Couper K, Deakin CD, Djirv T,
et al. European Resuscitation Council Guidelines 2021: Adult
advanced life support. Resuscitation. 2021 Apr;161:115-51.
doi: 10.1016/j.resuscitation.2021.02.010.

4. Benger J, Coates D, Davies S, Greenwood R, Nolan J, Rhys
M, et al. Randomised comparison of the effectiveness of the
laryngeal mask airway supreme, i-gel and current practice in
the initial airway management of out of hospital cardiac ar-
rest: a feasibility study. Br ] Anaesth. 2016 Feb;116(2):262-8.
doi: 10.1093/bja/aev477.

5. Kurola],Harve H, Kettunen T, Laakso JP, Gorski J, Paakkonen
H, et al. Airway management in cardiac arrest — comparison
of the laryngeal tube, tracheal intubation and bag-valve mask
ventilation in emergency medical training. Resuscitation. 2004
May;61(2):149-53. doi: 10.1016/j.resuscitation.2004.01.014.

6.  Simons RW, Rea TD, Becker L], Eisenberg MS. The inci-
dence and significance of emesis associated with out-of-hos-
pital cardiac arrest. Resuscitation. 2007 Sep;74(3):427-31. doi:
10.1016/j.resuscitation.2007.01.038.

Acta Clin Croat, Vol. 62, (Suppl. 1) 2023



A.Brundula e al. Airway management in pre-hospital emergency medicine

7. Wang HE, Schmicker RH, Daya MR, Stephens SW, Idris 9. Wu Z, Panczyk M, Spaite DW, Hu C, Fukushima H, Lan-

AH, Carlson ]N, ez al. Effect of a strategy of initial laryngeal glais B, ¢# al. Telephone cardiopulmonary resuscitation is in-
tube insertion ws endotracheal intubation on 72-hour sur- dependently associated with improved survival and improved
vival in adults with out-of-hospital cardiac arrest: a random- functional outcome after out-of-hospital cardiac arrest. Re-
ized clinical trial. JAMA. 2018 Aug 28;320(8):769-78. doi: suscitation. 2018 Jan;122:135-40. doi: 10.1016/j.resuscita-
10.1001/jama.2018.7044. tion.2017.07.016.

8. Benger JR, Kirby K, Black S, Brett SJ, Clout M, Lazaroo MJ, ~ 10. Holmberg M], Vognsen M, Andersen MS, Donnino MW,
et al. Effect of a strategy of a supraglottic airway device vs Andersen LW. Bystander automated external defibrillator
tracheal intubation during out-of-hospital cardiac arrest on use and clinical outcomes after out-of-hospital cardiac arrest:
functional outcome: the AIRWAYS-2 randomized clini- a systematic review and meta-analysis. Resuscitation. 2017
cal trial. JAMA. 2018 Aug 28;320(8):779-91. doi: 10.1001/ Nov;120:77-87. doi: 10.1016/j.resuscitation.2017.09.003.

jama.2018.11597.

Sazetak

UTJECE LI TEHNIKA ZBRINJAVANJA DISNOGA PUTA U UVJETIMA IZVANBOLNICKE HITNE
MEDICINE NA ISHOD KARDIOPULMONALNE REANIMACIJE?

A. Brundula, F. Paleka, J. Vrdoljak , M. Milic, A. Baric Grgurevici K. Fuckar

Prema aktualnim smjernicama Europskog reanimacijskog vije¢a prioriteti u naprednim mjerama odrzavanja Zivota u
odraslih su kompresija prsnoga kosa s minimalnim prekidima i rana defibrilacija. Iako je endotrahealna intubacija zlatni stan-
dard zbrinjavanja di$noga puta, smjernice upucéuju na zbrinjavanje disnoga puta postupno, od bazi¢nih tehnika zbrinjavanja
di$noga puta prema slozenijim, sukladno iskustvu lije¢nika i u¢inkovitosti ventilacije. U Hrvatskoj timovi izvanbolnicke hitne
medicine (IBHM) najcesée ukljucuju mlade lije¢nike bez dovoljno izobrazbe i iskustva u naprednim tehnikama zbrinjavanja
di$noga puta. Cilj istrazivanja bio je utvrditi postoji li razlika u oporavku spontane cirkulacije pri kardiopulmonalnoj reani-
maciji (KPR) u uvjetima IBHM ovisno o izboru tehnike zbrinjavanja disnoga puta. Retrospektivno smo analizirali podatke
iz programa e-Hitna kroz desetogodisnje razdoblje u Zavodu za hitnu medicinu Krapinsko-zagorske Zupanije. U analizu su
ukljuceni svi bolesnici kod kojih su KPR proveli timovi IBHM unutar 20 minuta od poziva. Tehnike zbrinjavanja disnoga
puta koje su se analizirale bile su: orofaringealni tubus, i-gel maska, endotrahealni tubus. Istrazivanjem je obuhvaceno 968
ispitanika srednje dobi od 70 godina. U 74,61% ispitanika uzrok aresta bio je kardijalne etiologije. U provedenom istrazivanju
nije pronadena statisticki znacajna razlika u uspjesnosti ozivljavanja izmedu tri skupine ovisno o tehnici zbrinjavanja di$noga
puta (p=0,74, x*-test).

Kljuéne rijedi: Arest; Kardiopulmonalno oZivljavanje; Endotrahealna intubacija
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