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Abstract
Aim: Tracheal intubation is challenging in emergency medicine, especially in pre-hospital settings, owing to problems connected with
patients, intubator, and the environment. The study aimed to compare the effectiveness of endotracheal intubation performed by
paramedics with the use of direct laryngoscopy and the McGrath MAC videolaryngoscope in standard and difficult airway settings.
Materials and Methods: The study was designed as a prospective, randomized, cross-over simulation study. It involved 52 paramedics.
The participants performed endotracheal intubation in two scenarios: Normal airway and difficult airway, achieved by inflation of the
simulator tongue to the level of difficulty determined by an independent instructor at grade 3 on the Cormack-Lehane scale. The primary
endpoint was the success of endotracheal intubation; intubation time constituted the secondary endpoint.
Results: The median age of participants was 24 years [interquartile range (IQR): 23-25], and the median work experience was 0.5 years (IQR:
0-1). In normal airway (scenario A), the effectiveness of the first intubation attempt was 92.3% for MAC and 96.2% for McGrath (p=0.724).
The median intubation time for MAC was 19 (IQR: 14-21.5) seconds and was statistically significantly longer than 16 (12.5-20) seconds for
McGrath (p=0.047). The ease of intubation was 18 (IQR: 10-20) points for McGrath and 25 (IQR: 16-27) points for MAC (p=0.035). In difficult
airway (scenario B), the efficacy of the first intubation attempt for MAC and McGrath equaled 40.4% and 82.7%, respectively. The median
intubation time for McGrath was 19 (IQR: 14-27.5) seconds and was significantly shorter than 25 (IQR: 24-39) seconds for MAC (p=0.007). The
degree of glottis visualization was statistically significantly better in McGrath than in MAC (p<0.001). The ease of intubation was 25 (IQR:
20-32) points for McGrath and 49 (IQR: 34-58) points for MAC (p<0.001). Overall, 96.2% of subjects intubating in difficult airway conditions
chose the McGrath videolaryngoscope as their preferred intubation method as compared with MAC.
Conclusion: In the simulation study, endotracheal intubation in difficult airway conditions performed by paramedics using McGrath
video laryngoscopy was associated with shorter procedure duration, better glottis visualization, and higher efficacy of the first intubation
attempt. The study showed that paramedics were able to intubate using the McGrath videolaryngoscope with higher efficiency than in the
case of a standard Macintosh laryngoscope after a short training.
Keywords: Airway management, McGrath MAC EMS, difficult airway, videolaryngoscopy, simulation

Introduction
Tracheal intubation is the gold standard for airway management.
The advantages of endotracheal intubation include reliable
ventilation, separation of the airway from the gastrointestinal

tract, significant reduction of regurgitation risk, the possibility to
suction the respiratory tract, and to ventilate in further patient
care conditions, including intensive care units (1,2). Endotracheal
intubation can be performed with many techniques, but direct
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laryngoscopy is usually applied. This method, however, requires
appropriate experience, and many intubation attempts to
maintain an adequate level of experience and manual skills (3).
Because of the risk of severe and potentially fatal complications
associated with endotracheal intubation, it is necessary to
consider the experience, necessity of endotracheal intubation,
technical possibilities, and alternative methods. Considering
the above problems, the quality of intubation, including the
effectiveness of the first intubation attempt, the assessment of
complication risk, and the total duration of intubation procedure
have been studied for several years (4,5).
Tracheal intubation is challenging in emergency medicine,
especially in pre-hospital settings, owing to problems connected
with the patient, intubator, and environment (6,7). Performing
endotracheal intubation in the case of sudden cardiac arrest
in a patient with difficult airways by a relatively inexperienced
professional in unfavorable environmental conditions is
associated with a very high risk of esophageal intubation and
other complications (8).
The development of videolaryngoscope marked significant
progress in anesthesiology and emergency medicine (9,10). The
devices enable endotracheal intubation even when the entrance
to the larynx cannot be directly visualized (11). Videolaryngoscope
is used not only in elective cases in the operating theatre during
difficult intubation but also in emergency medicine (12). Many
surveys, including manikin studies and human studies (13,14),
indicate that the duration of endotracheal intubation is shorter
compared with direct laryngoscopy, especially in difficult airways,
as this is not always confirmed in the case of normal airways
(14). Although in critical care settings, in patients undergoing
endotracheal intubation, videolaryngoscopy improves glottic
visualization, it does not appear to increase procedural success
or decrease complications (15). Large clinical multicenter studies
were carried out to compare videolaryngoscope and direct
laryngoscopy (14).
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Materials and Methods
The study protocol was approved by the Institutional Review
Board of the Polish Society of Disaster Medicine (number:
23.02.2019.IRB, on 12.02.2019). The study is a continuation of
research on identifying an alternative intubation method to direct
laryngoscopy (16-19). The trial was designed as a prospective,
randomized, cross-over manikin study. Written informed consent
was obtained from all 52 paramedics taking part in the study.
All subjects had <1 year of experience and had performed <10
endotracheal intubations in real patients. None of them had
previously had any experience with the use of videolaryngoscopy.

Study Design
Before the study, all participants attended an airway management
workshop, which included endotracheal intubation with the
use of direct laryngoscopy and videolaryngoscopy. Two types of
laryngoscopes were used in the study:
1. Standard laryngoscope with Macintosh blade size 3 (gold
standard; Heine Optotechnik, Herrsching, Germany);
2. McGrath MAC EMS videolaryngoscope (Aircraft Medical Limited,
Edinburgh, Scotland; Figure 1).
After an instruction showing the correct intubation technique,
the subjects took part in 30 minute practical workshops with the
use of the studied devices. The training took place in normal
airway conditions; an airway manikin Ambu Airway Man (Ambu,
Copenhagen, Denmark) was involved.
During the target study, an advanced adult SimMan 3G simulator
(Laerdal, Stavanger, Norway) was applied to simulate a patient
requiring endotracheal intubation. The simulator was placed
on the floor in a room with daylight. The study participants
performed endotracheal intubation in 2 scenarios:

One of the available videolaryngoscope on the market is the
McGrath MAC EMS videolaryngoscope. It combines direct
laryngoscopy and videolaryngoscopy in one device. Many
intubators, especially emergency medical service providers, have
greater experience with direct laryngoscopy. McGrath MAC EMS
enables both direct visualization and videolaryngoscopy and can
facilitate intubation.
The study aimed to compare the effectiveness of endotracheal
intubation performed by paramedics with the use of direct
laryngoscopy and the McGrath MAC videolaryngoscope in
standard and difficult airway settings.
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Figure 1. McGrath MAC EMS videolaryngoscope
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1. Scenario A: Normal airway.

Measurements

2. Scenario B: Difficult airway. Difficult airways were achieved
by inflation of the simulator tongue to the level of difficulty
determined by an independent instructor at grade 3 on the
Cormack-Lehane scale (20).

The primary endpoint was the success of endotracheal intubation,
confirmed by a researcher by the ability to ventilate the manikin
lungs with a self-inflating bag connected to the endotracheal
tube. The following criteria were defined for a failed intubation:
more than three unsuccessful intubation attempts, intubation
procedure exceeding 120 seconds, unrecognized esophageal
intubation.

A standard intubation stylet was used for all intubations. The
participants had a maximum of 3 endotracheal intubation
attempts. The order of both subjects and research methods were
random. For this purpose, Research Randomizer (randomizer.
org) was used to divide the participants into 4 groups: the first
one performed endotracheal intubation by using MAC during
scenario A, the second one by using MAC during scenario B, the
third one by using McGrath in scenario A, and the fourth one by
using McGrath during scenario B. After the intubation attempts
with a given method, the participants had a 10-minute break
and then intubated with a different technique. The detailed
randomization procedure is presented in Figure 2.
ENROLLMENT

Assesed for eligility (n=52)

Statistical Analysis

Exluded (n=0)
*Not meeting inclusion criteria (n=0)
*Declined to participate (n=0)
*Other reasons (n=0)

Randomisation (first intubation method to be
performed and order of participants) n=52

Allocation

Allocated to start with MAC in
Scenario A (n=13)
*Received allocated intervention
(n=13)
*Did not receive allocated
intervention (n=0)

Allocated to start with McGrath
Scenario A (n=13)
*Received allocated intervention
(n=13)
*Did not receive allocated
intervention (n=0)

Allocated to start with McGrath
Scenario B (n=13)
*Received allocated intervention
(n=13)
*Did not receive allocated
intervention (n=0)

Crossover

Crossover

Allocated to start with MAC in
Scenario A (n=13)
*Received allocated intervention
(n=13)

Allocated to start with MAC in
Scenario B (n=13)
*Received allocated intervention
(n=13)

Allocated to start with McGrath
Scenario A (n=13)
*Received allocated intervention
(n=13)

Crossover

Crossover

Crossover

Allocated to start with McGrath
Scenario B (n=13)
*Received allocated intervention
(n=13)

Allocated to start with MAC in
Scenario A (n=13)
*Received allocated intervention
(n=13)

Crossover

Crossover

Crossover

Allocated to start with MAC in
Scenario B (n=13)
*Received allocated intervention
(n=13)

Allocated to start with McGrath
Scenario B (n=13)
*Received allocated intervention
(n=13)

Crossover

Crossover

Crossover
Allocated to start with McGrath
Scenario B (n=13)
*Received allocated intervention
(n=13)

Crossover
Allocated to start with McGrath
Scenario A (n=13)
*Received allocated intervention
(n=13)

Allocated to start with MAC in
Scenario B (n=13)
*Received allocated intervention
(n=13)
*Did not receive allocated
intervention (n=0)

Crossover

Allocated to start with McGrath
Scenario B (n=13)
*Received allocated intervention
(n=13)

Crossover
ANALYSIS

MAC= Macintosh Laryngoscope
McGrath= McGrath
Videolaryngoscope
Scenario A= Normal Airway
Scenario B= Difficult Airway

Analysed (n=26)
*Excluded from analysis (n=0)

Figure 2. Randomization flow chart

Intubation time, the secondary endpoint, was defined as the time
from the first insertion of the blade between the teeth until the
first successful ventilation of the lungs recorded with a stopwatch
of a mobile phone. Vocal cord visualization was assessed by
Cormack-Lehane grade (20). The paramedics’ subjective opinion
on the ease of use of each device was measured with a visual
analog scale ranging from 1 (extremely easy) to 100 (extremely
difficult). Finally, the participants were asked to indicate the
device that they would prefer in a real-life emergency intubation
setting.

Allocated to start with MAC in
Scenario B (n=13)
*Received allocated intervention
(n=13)

Crossover
Allocated to start with MAC in
Scenario A (n=13)
*Received allocated intervention
(n=13)

Crossover

All analyses were performed with the STATISTICA 13.3EN statistical
package (Tibco, Tulsa, OK, USA). We determined the sample size
based on a previous study calculation (21). In the context of using
a paired 2-sided t-test, accepting an α risk of p<0.05, powered to
80%, 46 participants were required.
Data are presented as number (percentage) or median
[interquartile range (IQR)]. Non-parametric tests were used for
the data that did not have a normal distribution. The Wilcoxon
test for paired observations was applied to compare the different
times and to determine the statistical difference for each group.
McNemar test served to evaluate the differences in intubation
success rates and Cormack-Lehane grade. The ease-of-use scale,
as well as the preferred airway device, were assessed with the
Stuart-Maxwell test. All tests were 2-sided, and the value of
p<0.05 was considered statistically significant.

Results
The study involved 52 paramedics with a median age of 24 years
(IQR: 23-25) and a median work experience of 0.5 years (IQR: 0-1).
None of the subjects had experience with videolaryngoscopy;
however, they all had clinical experience with direct laryngoscopy.

Normal Airway (Scenario A)
The effectiveness of the first intubation attempt was 92.3% for
MAC and 96.2% for McGrath (p=0.724). The median intubation
time for MAC was 19 (IQR: 14-21.5) seconds and was statistically
significantly longer than 16 (12.5-20) seconds for McGrath
(p=0.047; Figure 3). The analysis of the study material did not
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reveal statistically significant differences in the degree of glottis
visualization expressed on the Cormack-Lehane scale (Table 1).
The ease of intubation was 18 (IQR: 10-20) points for McGrath
and 25 (IQR: 16-27) points for MAC (p=0.035; Figure 4). Overall,
31 subjects, which accounted for 59.6% of the study group,
indicated McGrath as their preferred method of laryngoscopy.

Difficult Airway (Scenario B)
A detailed summary of scenario B results is presented in Table
2. The efficacy of the first intubation attempt for MAC and
McGrath equaled 40.4% and 82.7%, respectively. The median
intubation time for McGrath was 19 (IQR: 14-27.5) seconds and
was significantly shorter than 25 (IQR: 24-39) seconds for MAC
(p=0.007; Figure 3). The degree of glottis visualization was
statistically significantly better in McGrath than in MAC (p<0.001).
The ease of intubation was 25 (IQR: 20-32) points for McGrath,
and 49 (IQR: 34-58) points for MAC (p<0.001; Figure 4). Overall,
50 (96.2%) subjects intubating in difficult airway conditions chose

the McGrath videolaryngoscope as their preferred intubation
method as compared with MAC.

Discussion
The simulation study showed statistically significant differences
in the duration of the intubation procedure and the efficacy of the
first intubation attempt when using a standard Macintosh blade
laryngoscope and the McGrath MAC EMS videolaryngoscope.
Endotracheal intubation in pre-hospital settings can be
challenging even for experienced intubators (22,23). It should
be remembered that each intubation performed within an
emergency medical service is emergency intubation (24). The lack
of information on patient status and medical history, inability
to conduct an anesthesia consultation in many cases, as well as
the lack of knowledge of the recent meal, make each patient
in the pre-hospital conditions and the emergency department
considered as a patient with difficult airways (25).

Table 1. Normal airway (scenario A)
Parameter

Direct laryngoscopy (MAC)

Videolaryngoscopy (McGrath)

p

Overall success rate, n (%)

52 (100%)

52 (100%)

NS

1

48 (92.3%)

50 (96.2%)

2

4 (7.7%)

2 (3.8%)

3

-

-

The median time to intubation, s (IQR)

19 (14-21.5)

16 (12.5-20)

1

46 (88.5%)

52 (100%)

2

6 (11.5%)

-

3

-

-

4

-

-

Ease of intubation, points on a 1-100 scale (IQR)

25 (16-27)

18 (10-20)

0.035

Preferred airway device, n/52 overall

21/52

31/52

0.011

Number of intubation attempts, n (%)
NS
0.047

Cormack-Lehane grade, n (%)

NS

IQR: Interquartile range, NS: Not statistically significant, MAC: Macintosh laryngoscope

Figure 3. Median intubation time

Figure 4. Ease of intubation

Min: Minimum, Max: Maximum, MAC: Macintosh laryngoscope

Min: Minimum, Max: Maximum, MAC: Macintosh laryngoscope
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Table 2. Difficult airway (scenario B)
Parameter

Direct laryngoscopy (MAC)

Videolaryngoscopy (McGrath)

p

Overall success rate, n (%)

52 (100%)

52 (100%)

NS

1

21 (40.4%)

43 (82.7%)

2

31 (59.6%)

9 (17.3%)

3

-

-

The median time to intubation, s (IQR)

25 (24-39)

19 (14-27.5)

1

-

50 (96.2%)

2

2 (3.8%)

2 (3.8%)

3

48 (92.3%)

-

4

2 (3.8%)

-

Ease of intubation, points on a 1-100 scale (IQR)

49 (34-58)

25 (20-32)

<0.001

Preferred airway device, n/52 overall

2/52

50/52

<0.001

Number of intubation attempts, n (%)

<0.001
0.007

Cormack-Lehane grade, n (%)

<0.001

IQR: Interquartile range, NS: Not statistically significant, MAC: Macintosh laryngoscope

In our study, the efficacy of the first intubation attempt and the
total efficacy of intubation under normal airway were comparable
for direct laryngoscopy and McGrath videolaryngoscopy.
Additionally, in normal airway conditions, the glottis visualization
was slightly better with McGrath than with Macintosh. Liu et al.
(26) also indicate that the use of the McGrath laryngoscope by
inexperienced anesthesiologists may improve the visibility of the
glottis and the ease of the procedure and reduce the number of
complications compared with direct laryngoscopy. Walker et al.
(27) found no advantages of using the McGrath laryngoscope for
uncomplicated tracheal intubation, but it is worth mentioning
that anesthesiologists in their study performed intubation. On
the other hand, studies conducted by Szarpak et al. (21) under
normal airway conditions showed that the overall effectiveness
of the UEScope and Macintosh laryngoscope was comparable,
but in the case of the videolaryngoscope, paramedics were less
likely to exert pressure on the teeth. In a prospective cohort study
conducted at a simulation center of a university-based, tertiary
care hospital, Kaki et al. (28) indicated that videolaryngoscope
was better than the regular Macintosh when used by novice
medical students for oral and nasal intubation in a manikin.
Similar conclusions were expressed by other researchers (29).
Difficult airways can result from a variety of causes, including
tongue edema, cervical spine immobilization, or difficult access
to the patient. In all these situations, it is expected that the
effectiveness of the first intubation attempt will be reduced,
and the duration of the procedure will be prolonged with a MAC
(12,30,31). In the study, both the efficacy of the first intubation
attempt and the duration of the procedure were significantly
better with a videolaryngoscope than with a standard Macintosh
blade laryngoscope.

In a study by Owada et al. (32) in which 20 anesthesiologists
performed intubation in difficult airway conditions of a pediatric
patient showed that the subjects were able to perform intubations
using an Airtraq® videolaryngoscope with a higher success rate,
better visibility, and less dental trauma. In turn, Suzuki et al.
(12), in their retrospective cohort study, indicated that the Pentax
and McGrath laryngoscopes allowed for significantly higher
emergency endotracheal intubation first-pass success rates
compared with the Macintosh laryngoscope, especially among
non-expert operators. Yoo et al. (33) revealed an advantage
of McGrath and Macintosh laryngoscopes for double-lumen
endobronchial tube intubation in patients with manual in-line
stabilization.
Another significant result of the research is the fact that
paramedics were able to intubate using a videolaryngoscope
after short training effectively. In the case of direct laryngoscopy,
the learning curve, as shown by numerous studies, illustrates 4375 attempts required for achieving successful intubation (34-36).
The present study indicates an acceleration of the learning curve
with videolaryngoscopy, and this is also confirmed in studies
by Baciarello et al. (37), Aghamohammadi et al. (38), and other
authors (13,39,40).
Among the limitations of the conducted study, one can mention,
among others, the fact that it was carried out in the conditions
of medical simulation and not real rescue operations; this
was, however, a deliberate action because medical simulation
allows standardizing the performed procedures (41,42) fully.
Another reason for choosing medical simulation was that only
this method allows conducting randomized cross-over studies
without a potential detriment to the health and life of the patient
215

Korkut et al.
Airway Intubation Via McGrath

(43). A further limitation is that only paramedics were involved
in the study. Nevertheless, it is paramedics acting in emergency
medical service settings who may meet the need for endotracheal
intubation relatively often. Therefore, the evaluation of their
skills, as well as the search for methods of intubation alternative
to direct laryngoscopy, pose a challenge to researchers. The study
also has its strong points. Among them are its randomized, crossover character and the use of two methods of laryngoscopy.
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Conclusion
In the simulation study, endotracheal intubation in difficult
airway conditions performed by paramedics using McGrath
video laryngoscopy was associated with shorter procedure
duration, better glottis visualization, and higher efficacy of the
first intubation attempt. The study showed that after a short
training, paramedics were able to intubate using the McGrath
videolaryngoscope with higher efficiency than in the case of a
standard Macintosh laryngoscope.
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