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ABSTRACT

BACKGROUND: Currently, the gold standard for airway management in cardiopulmonary resuscitation is endotra-
cheal intubation. This should be performed without interruptions in chest compressions, or with a short break 
only to introduce the tube.

METHODS: A total of 47 nurses were recruited who performed endotracheal intubation on a manikin in 2 scenar-
ios: A — normal airway, without chest compressions; B — normal airway, with continuous chest compressions 
performed with the Lifeline ARM system. They used 4 devices: a Macintosh blade laryngoscope (MAC), and a Tru-
View EVO2 (EVO2), TruView EVO2 PCD (PCD), and an ETView SL (ETView) laryngoscope. The intubation time and 
effectiveness, the grade of larynx visibility, and the ease of intubation in adults were compared.

RESULTS: The median time to first ventilation in scenario A was: for the MAC, 30.5 (interquartile range [IQR], 27– 
–36.5); for the EVO2, 35.5 (IQR, 32–39.5): for the PCD, 26.5 (IQR, 25–28.5); and for the ETView, 23 (22–24.5)’]; in 
scenario  B: for the MAC, 47.5 (IQR, 37.5–51); for the EVO2, 42.5 (IQR, 39–47.5): for the PCD, 29.5 (IQR, 28–33); 
and for the ETView, 26 (IQR, 23–30.5) seconds]. The first inbunation attempt success rate in scrnario A was: for the 
MAC, 44.7%; for the EVO2, 68.8%; for the PCD, 82.9%; and for the ETView, 91.5%; in scenario B: for the MAC, 
38.3%; for the EVO2, 61.7%; for the PCD, 70.2%; and for the ETView 89.4%.

CONCLUSIONS: The efficacy of endotracheal intubation by nurses turned out to be insufficient. Ongoing chest 
compressions significantly reduced the intubation effectiveness with the MAC. After a short training session, 
nurses could perform intubation with videolaryngoscopes. ETView appeared to be the most effective method in 
both scenarios.
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INTRODUCTION
Sudden cardiac arrest (SCA) is among the main 
causes of death in Europe, affecting 350,000– 

–700,000 persons per year, i.e. about 55–133 cases 
per 100,000 inhabitants [1–3]. According to Gach 
et al., the incidence of SCA in the medical rescue 
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teams operating in the Bielsko-Biala region in Po-
land is 117 cases per 100,000 inhabitants [4]. All 
these patients require immediate cardiopulmonary 
resuscitation (CPR), including advanced life sup-
port provided by medical personnel. Although first 
aid course participants (bystanders) are taught that 
in cases of their discomfort with mouth-to-mouth 
ventilation in an SCA patient they should perform 
chest compressions (CC) only [5], medical personnel 
should perform CPR with both CC and ventilation. 
It should be noted that the body oxygen reserve 
in SCA in normothermia is sufficient for about 
3–5 min, after which time irreversible changes may 
develop in vital organs, particularly in the central 
nervous system, sensitive to hypoxia. Thus, clearing 
the airway, proper ventilation, and airway manage-
ment are the key CPR elements. According to the 
current guidelines of the European Resuscitation 
Council (ERC) and the American Heart Association 
(AHA), the gold standard for airway management 
in CPR is endotracheal intubation [6, 7]. This con-
sists of introducing an endotracheal tube to the 
larynx through the vocal cords, and inflating the air 
cuff to isolate the respiratory tract from the external 
environment, reducing the risk of gastric contents 
aspiration during potential regurgitation [8, 9].

The ERC and AHA guidelines also recommend 
that if the skills of the person performing en-
dotracheal intubation allow it, there should be 
no interruptions in CC, or a short break only to 
introduce the tube through the vocal cords [6]. 
This is crucial because any CC interruption causes 
perfusion deterioration and reduces resuscitation 
effectiveness [10].

The aim of the study was to compare the intuba-
tion time and effectiveness, the grade of larynx visi-
bility, as well as the ease of intubation in adults per-
formed by nurses using 4 devices: a Macintosh blade 
laryngoscope (MAC), and a TruView EVO2 (EVO2), 
along with a TruView EVO2 PCD (PCD), and ETView 
SL (ETView) laryngoscope, in simulated CPR settings, 
with and without CC.

METHODS
This open prospective randomized crossover mani
kin study was approved by the Institute Review 
Board of the Polish Society of Disaster Medicine (ap-
proval No.: IRB/07/11/2015), and registered at the 
Clinical Trials register (www.clinicaltrials.gov, identi-
fier NCT02804451).

With voluntarily written informed consent, 
47 nurses were recruited who satisfied the follow-
ing inclusion criteria, namely those who: (1) had 
not received any training in endotracheal intubation 
with videolaryngoscopy before the study; (2) had 
nursing specialization in anaesthesiology or emer-
gency medicine; (3) presented no wrist or low back 
diseases, or pregnancy. All of them were routinely 
involved in SCA management and initial treatment 
in their professional work. The study was carried out 
between December 2015 and March 2016.

Simulation scenarios
Each participant performed endotracheal intuba-
tions on a SimMan 3G manikin (Laerdal, Stavanger, 
Norway) in 2 airway scenarios:
1.	 Scenario A: normal airway, without CC during in-

tubation.
2.	 Scenario B: normal airway, with continuous CC 

performed with the Lifeline ARM system (De-
fibtech, Guilford, USA) at a rate of 100/min, to 
a depth of 4–5 cm.
In each scenario, the manikin was placed on the 

floor in a neutral position in a bright room. 

Devices
The study participants performed endotracheal intu-
bation using 4 different devices (Figure 1):
1.	 A laryngoscope with a Macintosh blade size 3, 

as the ‘gold standard’ (MAC; Mercury Medical, 
Clearwater, USA).

2.	 A TruView EVO2 laryngoscope with blade size 
3 (EVO2; Truphatek Holdings, Ltd., Netanya, Is-
rael), applied as a type of optical laryngoscope.

3.	 A TruView EVO2 PCD laryngoscope with blade 
size 3 (PCD; Truphatek International Ltd., Netan-
ya, Israel), used as a type of videolaryngoscope. 

4.	 An ETView SL sized ID 7.0 (ETView; ETViewLtd, 
Misgav, Israel), used as an video endotrache-
al tube.
In all the intubation cases, an endotracheal tube 

size ID 7.0 (Covidien, Mansfield, USA) was applied 
and pre-moisturized with a lubricant. In the case of 
the MAC and ETView, a standard metal introducer 
was located in the tube light, whereas with the 
EVO2 and PCD, a special ready-made endotracheal 
tube guide was used. The participants also had 
a 10 ml syringe at their disposal to inflate the tube 
cuff, and a self-inflating bag, utilized after introduc-
ing the endotracheal tube for a ventilation check 
and confirmation of a successful intubation.
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The study protocol
Before the study, the participants were asked to 
complete a questionnaire verifying their knowledge 
of endotracheal intubation with the various assessed 
techniques. Although all of the nurses declared their 
ability to perform intubation using direct laryngo
scopy, none of them had had experience in videola-
ryngoscopy. Then the participants received a 60-min 
training session in the anatomy, physiology, and 
pathophysiology of breathing, which also referred 
to the various airway management techniques. The 
training session was conducted by a university lec-
turer experienced in endotracheal intubation. After 
the theoretical section and a demonstration of the 
correct endotracheal intubation techniques with the 
devices mentioned above, the participants received 
a practical training session. They performed en-
dotracheal intubation using MAC, EVO2, PCD, and 
ET View on a SimMan 3G training manikin (Laerdal, 
Stavanger, Norway) in order to make sure they were 
familiar with the proper use of these devices. The 
session ended when each participant correctly per-
formed 3 intubations each of the 4 devices.

Subsequently, with the use of the Research Ran-
domizer software (www.randomizer.org), the partici-
pants were divided into 4 groups (Figure 2). The order 
of both the participants and the devices was random. 
The first group started intubation with the MAC in sce-
nario A; the second, using the EVO2 in scenario A; the 
third, using the PCD in scenario A; the fourth, using 
the ETView in scenario A. After a maximum of 3 intu-
bation attempts and a 20-min break, the nurses start-
ed endotracheal intubation using another method. In 
order to simulate the stress associated with emergency 
situations, the participants were informed that the SCA 
patients needed the quickest possible intubation.

Outcomes
The main measurement parameter was the time 
to the first ventilation attempt (T3), defined as the 
time from picking up the laryngoscope until the 
first ventilation attempt. In addition, the time to 
visualize the larynx (T1) and the time to introduce 
the endotracheal tube through the vocal cords (T2) 
were analysed (the participants informed the data 
collector when they saw the glottis opening).

FIGURE 1. Laryngoscopes used in the study: (A) a Macintosh laryngoscope, (B) a TruView EVO2, (C) a TruView EVO2 PCD, (D) an ETView SL
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Moreover, the effectiveness of the first intubation 
attempt and the overall intubation effectiveness were 
assessed. Intubation was considered effective when 
the tube passed the vocal cords and enabled effi-
cient ventilation. After each intubation attempt, an 
investigator verified the tube position. The intubation 
attempt was deemed ineffective if the endotracheal 
tube was inserted into the oesophagus or the proce-

dure lasted more than 120 s [11, 12]. Furthermore, the 
degree of larynx visibility assessed by the participants 
was analysed based on the Cormack-Lehane scale 
[13]. Moreover, after the intubation attempts, the 
nurses were asked to assess the ease of each intuba-
tion technique. A 10-point visual analogue scale (VAS) 
was used, where 1 indicated an extremely simple pro-
cedure, while 10 indicated an extremely difficult one.

FIGURE 2. A study design and recruitment flow chart according to the CONSORT statement
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Sample size
On the basis of pilot data, the assumptions of an 
alpha risk of 0.05 and a beta risk of 0.2 were made 
in order to calculate the number of participants to 
be included. The success rate of the first intuba-
tion attempt (during uninterrupted CC) in the pilot 
data when using the MAC, EVO2, PCD, and ETView 
varied and amounted to 30.5%, 63.3%, 72.4%, 
and 92%, respectively. The authors calculated that 
29 participants would be required for the study 
(t-test, paired, two-sided). The participants were 
randomized with a 1:1 ratio.

Statistical analysis
Originally, the research material was collected in 
paper form, and then coded in Excel 2010 (Mi-
crosoft, Redmond, USA). A statistical analysis was 
performed with the Statistica EN 12.0 for Windows 
software (StatSoft, Tulsa, USA). The data were pre-
sented as mean and standard deviation (SD), medi-
an and interquartile ranges (IQR), as well as number 
and percentage (%). The results were considered 
statistically significant at p < 0.05. A normal distri-
bution occurrence was confirmed by the Kolmogo-
rov-Smirnov test. If the data did not present a nor-
mal distribution, non-parametric tests were used. In 
order to compare the intubation time between the 
groups, the Wilcoxon test for paired observations 
was applied. The McNemar test allowed one to eva
luate differences in intubation effectiveness, while 
the Stuart-Maxwell test allowed one to compare 
the larynx visibility grade and ease of the procedure.

RESULTS

Study participants
The total of 47 nurses (39 female; 82.9%) volun-
teered to participate in the study; 80.9% were spe-
cialized in anaesthesiologic nursing and 19.1% in 
emergency nursing. Their mean age was 34.5 (IQR, 
26–37) years, while their mean work experience was 
10.5 (IQR, 5–12.5) years.

Scenario without chest compressions
In this scenario, the time to first ventilation (T3) varied 
and amounted to 30.5, 35.5, 26.5, and 23 s for the 
MAC, EVO2, PCD, and ETView, respectively (Figure 3).

A statistically significant difference was noticed 
between the MAC and EVO2 (p < 0.001), the PCD 
(p < 0.001), and the ETView (p < 0.001). There was 

also a statistically significant difference in T3 be-
tween the EVO2 and PCD (p < 0.001) and the ETView 
(p < 0.001), as well as between the PCD and ETView 
(p < 0.001). The effectiveness of the first intubation at-
tempt with the tested devices varied and amounted to 
38.3%, 51.7%, 70.2%, and 89.4% for the MAC, EVO2, 
PCD, and ETView, respectively. Statistically significant 
differences in the efficacy of the first intubation at-
tempt (p < 0.02) were observed when comparing MAC 
vs. EVO2, MAC vs. PCD, MAC vs. ETView, EVO2 vs. PCD, 
EVO2 vs. ETView, and PCD vs. ETView. The analysis of 
the overall intubation effectiveness (Table 1) showed 
a statistically significant difference between MAC 
and EVO2 (p = 0.015), PCD (p < 0.001), and ETView 
(p < 0.001), between EVO2 and PCD (p < 0.001), and 
between EVO2 and ETView (p < 0.001).

According to the Cormack-Lehane scale, the best 
visualization of the larynx was observed in the case 
of the ETView, which was also considered the easiest 
and the most preferred intubation method.

Scenario with chest compressions
The parameters obtained during intubation with un-
interrupted CC are presented in Table 2. There was 
a statistically significant difference in the time to the 
first ventilation attempt (T3, Figure 4) between the 
MAC and EVO2 (p = 0.005), the PCD (p < 0.001), 
and the ETView (p < 0.001), between the EVO2 and 
PCD (p < 0.001) and the ETView (p < 0.001), and 
between the PCD and ETView (p = 0.013).

A statistically significant difference (p < 0.001) 
was noticed in the success of the first intubation 
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attempt between the MAC and EVO2, the PCD, and 
the ETView; between the EVO2, PCD, and ETView; 
as well as between the PCD and ETView.

There was also a statistically significant differ-
ence in the overall success rate between the MAC 
and EVO2 (p < 0.001), PCD (p < 0.001), and ETView 
(p < 0.001); between the EVO2, PCD (p = 0.024), 
and ETView (p < 0.001); and between the PCD and 
ETView (p < 0.001).

The Cormack-Lehane score was statistically 
significant when the ETView was compared with 
the MAC (p < 0.001), EVO2 (p < 0.001), and PCD 
(p < 0.001). The preferred intubation method in 
this scenario was the ETView (in 44 of 47 partici-
pants).

DISCUSSION
The aim of the study was to evaluate the nurses’ 
ability to perform endotracheal intubation in sim-
ulated CPR settings. A Macintosh laryngoscope as 
the ‘gold standard’ was used, as well as the EVO2, 
PCD and ETView. The nurses performed intubation 
in 2 scenarios during simulated CPR without CC 
(scenario A) and with ongoing uninterrupted CC 
(scenario B).

In scenario A, the efficacy of the first intubation 
attempt and the total efficacy using MAC equalled 
44.7% and 70.2%, respectively, with the median in-
tubation time of 30.5 s (IQR, 27–36.5 s). Gaszyńska 
et al., in a group of 30 paramedics, noted that the 
necessary time to perform intubation with the MAC 

Table 1. Intubation data for resuscitation without chest compressions (scenario A)

Variable MAC EVO2 PCD ETView

Time to glottic visualization [s], median (IQR) 12 (10.5–14) 12.5 (10–15) 10 (8.5–12) 8 (6.5–11)

Time to tube insertion [s], median (IQR) 21 (18–25.5) 28 (26.5–31) 19 (17.5–22) 15 (14–18.5)

Time to first ventilation [s], median (IQR) 30.5 (27–36.5) 35.5 (32–39.5) 26.5 (25–28.5) 23 (22–24.5)

First attempt success rate, n (%) 21 (44.7%) 32 (68.8%) 39 (82.9%) 43 (91.5%)

Overall success rate, n (%) 33 (70.2%) 41 (87.2%) 47 (100%) 47 (100%)

Cormack-Lehane score, n (%)
1
2
3
4

22 (46.8%)
25 (53.2%)

–
–

34 (72.3%)
13 (27.7%)

–
–

45 (95.7%)
2 (4.3%)

–
–

47 (100%)
–
–
–

VAS score (points), median (IQR) 4.5 (3.8–5) 5.3 (4.5–5.5) 3.3 (3–3.8) 2.6 (1.7–2.9)

Preferred airway device, n (%) 2 (4.3%) – 13 (27.6%) 32 (68.1%)

IQR — interquartile range, VAS — visual analogue scale

Table 2. Intubation data for resuscitation with chest compressions (scenario B)

Variable MAC EVO2 PCD ETView

Time to glottic visualization [s], median (IQR) 15 (13–21) 15.5 (12–19.5) 14 (11–16.5) 10 (7.5–13)

Time to tube insertion [s], median (IQR) 37 (33–39.5) 35 (31–40.5) 23 (21.5–26) 19 (16–21.5)]

Time to first ventilation [s], median (IQR) 47.5 (37.5–51) 42.5 (39–47.5) 29.5 (28–33) 26 (23–30.5)

First attempt success rate, n (%) 18 (38.3%) 29 (61.7%) 33 (70.2%) 42 (89.4%)

Overall success rate, n (%) 25 (53.2%) 38 (80.8%) 41 (87.2%) 47 (100%)

Cormack-Lehane score, n (%)
1
2
3
4

15 (31.9%)
32 (68.1%)

–
–

34 (72.3%)
13 (27.7%)

–
–

44 (93.6%)
3 (6.4%)

–
–

47 (100%)
–
–
–

VAS score (points), median (IQR) 6.7 (5–7.5) 5.5 (4.5–7) 4 (3–4.5) 3.5 (2.5–4)

Preferred airway device, n (%) – – 3 (6.4%) 44 (93.6%)

IQR — interquartile range, VAS — visual analogue scale
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was 17 s (IQR, 13.23–22.29 s), the efficacy of the 
first attempt was 73.3%, and the total efficiency 
100% [14]. The lower time needed for intubation 
and higher efficacy as compared with the present 
study, may be caused by paramedics’ greater ex-
perience in direct laryngoscopy (working in rescue 
teams, they often face the necessity of endotracheal 
intubation). In the study by Gaszyńska et al., the pa
ramedics’ average professional experience amount-
ed to 6.95 ± 3.21 years [14]. Han et al. observed 
a time required for MAC intubation of 18.10 s (IQR, 
14.13–26.20 s), with an overall intubation effective-
ness of 93.8% [11]. The study by Han et al. involved 
32 internship physicians, with limited experience in 
clinical endotracheal intubation. Similarly, in a study 
by Koyama, medical professionals inexperienced in 
endotracheal intubation were enrolled (11 physi-
cians, 18 nurses, 4 medical students, and 2 para-
medics), who were able to intubate in 22.7 ± 11.2 s 
with an efficacy of 94.3% [15]. On the other hand, 
Kim indicated the efficacy of intubation performed 
by paramedics and paramedic students at a level of 
90% in 18.33 s (IQR, 14.08–21.44 s) [16]. In a study 
conducted by Kurowski among paramedics, the 
mean MAC intubation time was 21.23 ± 3.28 s [17].

In cases of intubation with EVO2, the nurses 
were able to achieve a first attempt effectiveness 
of 68.8% and an overall efficiency of 87.2% within 
35.5 s (IQR, 27–36.5 s). In the study by Gaszyńska et 
al., the efficacy of the first intubation attempt was 
63.3%, with a total efficiency of 90% and a medi-
an duration of 28.64 s (24.02–38.34 s) [14]. Singh 

showed an 88% effectiveness of EVO2 intubation 
performed in 28.6 s [18]. Saxena et al., in a study 
among 140 surgical patients, observed that anaes-
thesiologists needed an average of 34.1 s to perform 
intubation using EVO2, which was a statistically 
significantly longer time than they required for di-
rect laryngoscopy intubation (22.4 s) [19]. Similarly, 
a longer intubation time using EVO2 as compared 
with MAC (33.06 ± 5.6 vs. 23.11 ± 5.7 s, respective-
ly) was noted by Timanaykar et al. [20]. In a study 
by Malik et al., the overall efficacy of EVO2 intuba-
tion carried out by experienced anaesthesiologists 
in a simulation setting was 97.1%, with a mean 
intubation time of 15 s (IQR, 10–19 s) [21]. A study 
by Szarpak et al., conducted in a simulated neonatal 
resuscitation setting, the efficacy of EVO2 intubation 
was 100%, with an average procedure time of 25.3 s 
(IQR, 23–30.5 s) [22].

In addition, after connecting a camera to the 
monitor, EVO2 can serve as a videolaryngoscope 
(PCD), allowing one to perform endotracheal in-
tubation. Nurses using PCD were able to intubate 
a patient in 26.5 s (IQR, 25–28.5 s); the effectiveness 
of the first intubation attempt was 92.9%, and the 
total efficiency 100%. The PCD intubation time was 
21.10 ± 5.64 s [23] in a study by Bag et al., and 
52 (20–102) s in a study by Mutlak et al. [24].

Moreover, in a study by Tempe et al., the aver-
age time of PCD intubation in patients undergoing 
cardiac surgery was 60.47 ± 27.45 s [25]. The same 
anaesthesiologists performed endotracheal intuba-
tion using direct laryngoscopy in 36.68 ± 16.15 s. In 
a study by Riveros, the PCD and MAC intubation 
time was 44 s (IQR, 28–62 s) and 23 s (IQR, 21–28 s), 
respectively [26]. Therefore, applying videolaryngo-
scopes by anaesthesiologists may extend the intu-
bation time in patients with normal airways. This 
phenomenon has been observed in many studies, 
and is due to the fact that anaesthesiologists, rou-
tinely performing endotracheal intubation, are ac-
customed to standard laryngoscopes and find it 
difficult to switch to using video or optical laryn-
goscopes [26, 27]. An opposite trend is noticeable 
in representatives of specializations other than an-
aesthesiology or intensive care, as well as in other 
professionals, including paramedics or nurses [28].

The last device to be assessed was an endotrache-
al tube with a built-in camera connected to a mon-
itor with a fibre optic cable, allowing one to receive 
a good quality image of the distal section of the 
endotracheal tube. The average time of intubation 
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performed by nurses in this present study was 23 s 
(IQR, 22–24.5 s), with a first attempt effectiveness 
of 91.5% and 100% total effectiveness. Thanks to 
the image from the end of the endotracheal tube, all 
the participants assessed the grade of larynx visibility 
as C/L1 on the Cormack-Lehane scale. Kurowski, in 
a group of physicians inexperienced in intubation, 
observed a first attempt effectiveness of 100% and 
an intubation time of 17 s (IQR, 15–19 s) [8]. Bar-
ak et al. assessed the ETView intubation time as 
29 ± 10 s [29]. The higher intubation time probably 
resulted from difficulties in intubating obese patients.

Scenario B concerned intubation during CPR 
with uninterrupted CC. According to the current 
ERC guidelines, intubation — if the intubator’s skills 
allow it — should be carried out without interrup-
tions in CC. The mean intubation time with the MAC 
was 47.5 s (37.5–51 s), while the first intubation 
attempt efficacy was 38.3%, and the total efficiency 
53.2%. Gaszyńska et al. [14], Lee [30], among oth-
ers, obtained lower values. Han et al. observed an 
intubation time with uninterrupted CC at a level of 
16.6 s (IQR, 13.72–20.59 s), and a total effectiveness 
of 81.3% [12]. In the study by Gaszyńska et al., the 
MAC intubation time was 16.6 s, while the first at-
tempt efficiency equalled 73.3% [14]. However, in 
another study Gaszyńska obtained a first attempt 
effectiveness of 53.3% and a total effectiveness of 
80%  [31]. In a study by Kim et al., paramedical 
students and paramedics intubated a manikin with 
ongoing CC and obtained a MAC intubation time of 
24.14 s (IQR, 17.83–28.2 s) with a effectiveness rate 
of 85% [16]. Similar results were noted by Kurowski 
et al.: 27 (IQR, 25–33 s) [8]. However, Lee et al., ana-
lysing intubation performed by inexperienced intuba-
tors, observed a time of 35.0 s (IQR, 29.5–45.9 s) and 
effectiveness of 78.9% [30]. In a study by Szarpak et 
al., paramedics were able to intubate a manikin with 
MAC during simulated adult CPR with an efficiency 
rate of 88.9% in 18 s (IQR, 16–22 s) [9], while in 
the case of child manikin intubation, they obtained 
29.4 ± 8.2 s with 80.4% efficiency [9]. 

Regarding the EVO2, the endotracheal intuba-
tion time was 42.5 s (IQR, 39–47.5 s) which turned 
out to be statistically significantly longer than the 
MAC intubation time. In the studies by Gaszyńska, 
paramedics were able to perform intubation us-
ing MAC with uninterrupted CC within 36 s (IQR, 
29–52 s), with an effectiveness rate of the first in-
tubation attempt of 73.3% and a total efficiency of 
100% [14]; Szarpak et al., evaluating the intubation 

efficiency in newborns in CPR conditions, obtained 
an average intubation time of 25.3 s (23–30.5 s) and 
an overall effectiveness of 94.9% [22].

Among the study participants, 61.7% were able 
to perform endotracheal intubation using the PCD 
in scenario B. The average time of intubation per-
formed by nurses was 29.5 s (IQR, 28–33 s), and the 
overall efficiency 87.2%. The study by Szarpak et 
al., 100% paramedics successfully performed PCD 
intubation in a mean time of 21.6 s [32]. It is worth 
noting that the intubation in the study by Szarpak et 
al. was performed in a simulated child resuscitation 
setting and, according to numerous studies, the 
intubation efficacy in paediatric patients is lower 
than in adults.

In the present study, the efficacy of the first intu-
bation attempt with the ETView was 89.4%, while 
the overall efficacy equalled 100%. The average time 
of intubation performed by the nurses was 26 s 
(23–30.5 s). In the study by Kurowski et al., the time 
needed to perform intubation by physicians inexpe-
rienced in intubation was 19 s (IQR, 15–22 s), with 
a total efficiency of 100% [8].

As shown by scientific studies, CC during di-
rect laryngoscopy significantly prolongs intubation 
[8, 22]. When applying various videolaryngoscopy 
methods, as in the case the ETView, thanks to ob-
taining an image of the end of the laryngoscope 
blade or of the endotracheal tube, the differences in 
the efficiency between intubation with and without 
CC are not as significant as with the MAC [33–35].

The conducted study has some limitations. The 
first is that the endotracheal intubation was carried 
out on a manikin; however, only a manikin allows 
one to standardize study conditions. Moreover, ac-
cording to the decision of the International Liaison 
Committee on Resuscitation, randomized crossover 
trials preformed during resuscitation are unethi-
cal [36]. Furthermore, applying multiple intubation 
attempts in a single patient would result in the risk 
of soft tissue damage or hypoxia. The second limi-
tation is the fact that while only nurses participated 
in the study, this is an underappreciated group of 
medical staff who also face the need to apply airway 
control, including endotracheal intubation.

Beside these limitations, the study is also cha
racterized by many strengths. Firstly, it was designed 
as a randomized crossover trial in order to avoid 
learning endotracheal intubation during the course 
of the study. Secondly, and advanced life support 
manikin was used for the intubation, and the most 
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modern CC system, namely the Lifeline ARM, was 
utilized in order to standardize the difficulties arising 
from the CC. Another strength of the study is the 
employment of 4 different intubation techniques, 
including direct laryngoscopy, optical laryngoscopy, 
videolaryngoscopy, and an endotracheal videotube.

CONCLUSIONS
In the study group, the efficacy of endotracheal in-
tubation performed by nurses was insufficient. On-
going CC significantly reduces the effectiveness of 
MAC endotracheal intubation. After a short training 
session, nurses are able to perform highly efficient 
intubation with the use of videolaryngoscopes. Fi-
nally, the ETView turned out to be the most effective 
intubation method in both study scenarios.

Conflict of interest: None declared.
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