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ABSTRACT

Objectives: Direct laryngoscopy is a conventional method that has been taught in endotracheal intubation training. However, it is difficult to become
skilled. Videolaryngoscopy has become a widely accepted technique for training both novice and inexperienced medical staff on airway management.
We aimed to compare the performances of novices using direct and indirect laryngoscopes.
Materials and methods: Fifty eight first-year anesthesia nurse students without previous tracheal intubation experience were included in the study.
Standard size 3 Macintosh, Miller, McCoy, McGrath, Storz C-Mac laryngoscopes were used. The participants were asked to intubate the AirMan manikin
five times with each device. The participants were also asked for their familiarity with computer games. After all the students completed their fifth
intubations; the duration of successful tracheal intubation, number of attempts, success rate, severity of the dental trauma, and the used optimization
maneuvers were recorded in the course of students’ sixth intubations.
Results: Time to successful intubation was the shortest for C-Mac laryngoscope with 5.34±2.19 sec. The requirement of optimization maneuvers (12.1%)
and additional intubation attempts (1.7%) were significantly lower with C-Mac and McGrath laryngoscopes compared to Macintosh, Miller and McCoy
laryngoscopes (p<0.001). Dental trauma incidence was significantly lower during the use of C-Mac laryngoscope (p<0.001). The VAS score on the ease
of intubation were significantly lower with C-Mac laryngoscope. No advantages related to the familiarity with computer games were documented.
Conclusion: In conclusion, C-Mac was observed to provide a higher overall success rate for tracheal intubation and less dental trauma incidence when
it was used in a normal airway scenario.
Keywords: Airway; intubation; laryngoscope.

ÖZ

Amaç: Direkt laringoskopi trakeal entübasyon eğitiminde kullanılan geleneksel bir metoddur. Ancak bu alanda ustalaşmak zordur. Videolaringoskopi
havayolu yönetiminde deneyimsiz medikal personel eğitimi için yaygın olarak kabul görmüş bir tekniktir. Bu çalışmada deneyimsiz kullanıcıların direkt
ve indirekt laringoskoplardaki performanslarını karşılaştırmayı amaçladık.
Gereç ve yöntemler: Daha önce trakeal entübasyon deneyimi bulunmayan 58 birinci sınıf anestezi teknikerliği öğrencisi çalışmaya dahil edildi.
Standart 3 no’lu Macintosh, Miller, McCoy, McGrath, Storz C-Mac laringoskopları kullanıldı. Katılımcılardan AirMan mankeni her aygıtla beşer kez
entübe etmeleri istendi. Katılımcıların bilgisayar oyunlarına karşı yatkınlıkları da sorgulandı. Tüm öğrenciler beşinci entübasyonlarını tamamladığında
altıncı entübasyonları için başarılı trakeal entübasyon süresi, girişim sayısı, başarı oranı, dental travma şiddeti ve kullanılan optimizasyon manevraları
kaydedildi.
Bulgular: Başarılı entübasyon süresi 5.34±2.19 sn ile C-Mac laringoskop için en düşüktü. Optimizasyon manevra gereksinimi ve ek entübasyon girişimleri
C-Mac ve McGrath laringoskoplar için Macintosh, Miller and McCoy laringoskoplarla karşılaştırıldığında anlamlı olarak daha düşüktü (p<0.001). Dental
travma insidansı C-Mac laringoskop kullanımında anlamlı olarak daha düşüktü (p<0.001). Entübasyon kolaylığı üzerine Görsel analog skala skorları
C-Mac laringoskopla anlamlı olarak daha düşüktü. Bilgisayar oyunlarına yatkınlıkla ilişkili bir avantaj dökümente edilemedi.
Sonuç: Sonuç olarak normal havayolu senaryosunda C-Mac’ın trakeal entübasyon için daha yüksek genel başarı oranı ve daha düşük dental travma
insidansı sağladığı ortaya konuldu.
Anahtar sözcükler: Havayolu; entübasyon; laringoskop.
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Direct laryngoscopy is a conventional method
that has been taught in endotracheal intubation
training.[1] However, as it requires alignment of
pharyngeal, laryngeal and tracheal axes, it may
be difficult or impossible in selected patients.
Additionally, it is difficult to become skilled at
this method.[2,3] There are several options of
laryngoscope blades available for anesthetists’
use in routine practice.[4] Videolaryngoscopy has
become a widely accepted technique for training
both novice and inexperienced medical staff on
airway management.[5-7] In cases where neither
direct laryngoscopy nor tracheal intubation is
achieved, videolaryngoscopes generally secure the
glottic view with less manipulation as compared to
direct laryngoscopes. Besides, because learning
the technique is relatively easy, videolaryngoscopy
brings high success rates even for beginners.[8]
The McCoy laryngoscope (InterMed Penlon
Ltd., Abingdon, UK) has been designed to elevate
the epiglottis with its hinged tip. That design has
two advantages over Macintosh laryngoscope
(Welch Allyn, Skaneateles Falls, New York, USA):
First, as less force is required during laryngoscopy,
the stress level decreases, accordingly. Second,
elevation of epiglottis allows improved laryngeal
visualization.[9] The Storz C-Mac laryngoscope
is a modification of the Karl Storz Berci DCI
laryngoscope (Karl Storz, Tuttlingen, Germany)
with an improved optical system, improved field
of view, higher video quality and easy recording
of still pictures and motion video.[10] The McGrath
videolaryngoscope (Aircraft Medical, Ltd,
Edinburgh, UK) has a liquid-crystal display (LCD)
screen on the top of its handle and a slim acrylic
cover with a 60° angulation which provides an
indirect view of the glottis.[11]
In this study, we aimed to compare the
performances of novices using direct and indirect
laryngoscopes.

MATERIALS AND METHODS
After the Institutional Ethics Committee approval
and written informed consents, 58 first-year
anesthesia nurse students without previous tracheal
intubation experience were included in the study.
Following the oral instructions regarding the
correct use of standard size 3 Macintosh, Miller,
McCoy, McGrath, Storz C-Mac laryngoscope
and the use of a stylet, the students watched

video presentations on the use of each device.
After the presentations, the participants were
allowed 10 min to familiarize themselves with
the laryngoscopes and the manikin. Then the
participants were asked to intubate the AirMan
manikin five times with each device.
In a randomized crossover design, each
participants performed tracheal intubations with
one laryngoscope and then the other ones.
The order of the devices was randomized using
computer generated random numbers table. The
manikin was set to normal airway setting in
supine position. The primary endpoint was the
duration of intubation attempt. After all the
students completed their fifth intubations; the
duration of successful tracheal intubation, number
of attempts, success rate, severity of the dental
trauma, and the used optimization maneuvers
(head extension, vertical lifting, assistance and
device rotation) were recorded in the course of
students’ sixth intubations. All laryngoscopes were
used according to manufacturers’ instructions.
The students were also asked to assess the ease of
use and maneuverability of each of the five devices
on a 100 mm visual analog scale (VAS). At the
end, all participants filled in a short questionnaire
of five questions. All of the intubations were
performed with cuffed lubricated endotracheal
tube with inner diameter of 7.5 mm, and a
rigid stylet. The stop-watch was started as soon
as the participants took airway instruments in
hand, and it was stopped when the endotracheal
tubes passed through the vocal cords. A different
researcher other than the trainer kept the records
and verified intubations with the inflation of
manikin’s lungs. In case of failure in providing
airway within two minutes or in completing the
procedure, the esophageal intubation considered
unsuccessful. Occurrence of dental trauma was
assessed according to the applied pressure on
teeth during tracheal intubation.
The participants were asked to reply to the
question: “If you consider the ease of use and
learnability, which instrument would you prefer
to use for intubation?” by using a 100 mm
VAS; 0: extremely difficult to learn and use,
100: extremely easy to learn and use. The hand
dominance and experience with computer games
more than one hour per week during last 10 years
were asked and recorded.
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Table 1. Time to successful intubation

Time (sec)

Macintosh

Miller

McCoy

McGrath

C-Mac

Mean±SD

Mean±SD

Mean±SD

Mean±SD

Mean±SD

10.62±7.95*‡

8.68±3.60*‡

10.07±5.53*‡

7.59±5.32*

5.34±2.19

SD: Standard deviation; * Comparison with C-Mac laryngoscope, p<0.01; ‡ Comparison with McGrath laryngoscope, p<0.01.

measurements, the Wilcoxon test, the Cochran’s
Q test and the Mc Nemar’s test were used for
sub-analyses.

Students who did not provide written consent
and had previous intubation experience with one
of the five laryngoscopes were excluded from
the study. Both the researcher explaining the
procedure and informing students and the other
researcher keeping records were professional
anesthetists with at least five-year experience.

RESULTS
Fifty-eight students studying anesthesiology
for a career as a nurse were informed about
the research and invited to take part in the
study. All students were recruited to the study
without exclusion. Time to successful intubation
was the shortest for C-Mac laryngoscope with
5.34±2.19 sec (Table 1). Time to successful
intubation was significantly shorter with McGrath
laryngoscope when compared to Macintosh,
Miller and McCoy laryngoscopes (p<0.05). The
requirement of optimization maneuvers (12.1%)
and additional intubation attempts (1.7%) were
significantly lower with C-Mac and McGrath
laryngoscopes compared to Macintosh, Miller
and McCoy laryngoscopes (p<0.001) (Table 2).
Dental trauma incidence was significantly lower
during the use of C-Mac laryngoscope (p<0.001)
(Table 2). The VAS score on the ease of intubation
was found to be significantly lower for the C-Mac
laryngoscope when compared to Macintosh,
Miller, McCoy and McGrath laryngoscopes
(p<0.001) (Table 3). The VAS score on the ease
of intubation was significantly lower for McGrath

Statistical analysis
We calculated sample size from a preliminary
study including 10 students. The mean ±
standard deviation time required to ventilate the
lungs after tracheal intubation in manikin was
10.8±4.6 s. We considered that a difference of
2.5 s (roughly one quarter of 10.8 s) between the
groups would be clinically important. To detect
this difference with a power of 80% (a=0.05,
b=0.2 and effect size=0.56) approximately
51 participants would be needed. IBM SPSS
software version 21.0 (IBM Corp. Armonk,
NY USA) was used for statistical analyses. The
frequency, rate, average and standard deviation
values were used for the descriptive statistics
of the data. Distribution of the variances was
controlled by using the Kolmogorov-simirnov
test. Chi-square test was used for analyzing
qualitative data and Mann-Whitney U test in
quantitative data analysis. While the Friedman
test was used for the analysis of repeated

Table 2. Optimization maneuver rates, dental trauma incidence and the incidence of additional intubation
attempts (%)
Macintosh
Optimization maneuvers
Dental trauma incidence
Additional intubation attempts

Miller

McCoy

McGrath

C-Mac

n

%

n

%

n

%

n

%

n

%

55
57
10

94.8*‡
98.3*‡
17.2*‡

55
54
8

94.8*‡
93.1*‡
13.8*‡

50
54
3

86.2*‡
93.1*‡
5.2

7
30
1

12.1
51.7*
1.7

7
21
1

12.1
36.2
1.7

* Comparison with C-Mac laryngoscope, p<0.001; ‡ Comparison with McGrath laryngoscope, p<0.001.

Table 3. The visual analog scale scores on the ease of tracheal intubation (mm)

Time (sec)

Macintosh

Miller

McCoy

McGrath

C-Mac

Mean±SD

Mean±SD

Mean±SD

Mean±SD

Mean±SD

29.83±21.76*‡

43.53±30.25*‡†

40.69±22.84*‡†

12.24±11.86*

7.59±7.45

SD: Standard deviation; * Comparison with C-Mac, p<0.001; ‡ Comparison with McGrath, p<0.001; † Comparison with Macintosh, p<0.001.
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Table 4. The comparison of participants familiar and unfamiliar with computer games with regard to time
to successful intubation and difficulty visual analog scale scores
Playing computer games (+)

Playing computer games (–)

Mean±SD

Mean±SD

p

8.21±4.18
8.36±3.72
8.89±4.13
6.18±2.94
4.96±1.97

12.87±9.85
9.00±3.51
11.17±6.45
8.90±6.62
5.70±2.35

0.039
0.468
0.071
0.121
0.259

27.75±22.60
42.07±32.86
40.18±22.50
11.79±13.00
9.04±8.84

31.77±21.14
44.90±28.09
41.17±23.51
12.67±10.89
6.23±5.70

0.487
0.725
0.871
0.780
0.154

Time to successful tracheal intubation (sec)
Macintosh
Miller
McCoy
McGrath
C-Mac
Visual analog scale (mm)
Macintosh
Miller
McCoy
McGrath
C-Mac
SD: Standard deviation.

training for novices, and found that Storz C-Mac
laryngoscopes were advantageous regarding the
shortest time to successful intubation. They also
yielded the lowest dental trauma score, the
least optimization maneuver requirement and
ease of use. The participants who regularly
play computer games intubated the manikin
quicker using the Macintosh laryngoscope. The
Storz C-Mac videolaryngoscope was found to
be superior to the McGrath laryngoscope in all
measurements performed within the scope of this
study. We recorded a difference of 2.25 seconds
between successful intubation times of these
two videolaryngoscopes. Much longer difference
(17 seconds) was observed in a study contrasting
McGrath and C-Mac laryngoscopes on 130 patients
with the Mallampati grade of ≥3 who poses the
potential for difficult intubation.[12] In our study,
participants stated that C-Mac may provide a
much easier intubation as compared to the other
laryngoscopes. This may be attributed to C-Mac
having a Macintosh-like blade and that intubation
was performed with a camera. As McGrath has a

than Macintosh, Miller and McCoy laryngoscopes
(p<0.001). The VAS score was significantly lower
for Macintosh laryngoscope than Miller and
McCoy laryngoscopes (p<0.001) (Table 3).
Novice users who were familiar with computer
games successfully intubated the manikin with
Macintosh laryngoscope in a significantly
shorter time as compared to the ones who were
not familiar with computer games (p=0.039).
However, the time required for successful
intubation of the manikin did not show any
significant difference between Miller, McCoy,
McGrath and C-Mac laryngoscopes (Table 4). The
VAS scores on the ease of tracheal intubation did
not differ between participants who were familiar
or unfamiliar to computer games (Table 4). The
analyzed data from the questionnaire results are
shown in Table 5.

DISCUSSION
This study compared videolaryngoscopes with
direct laryngoscopes in tracheal intubation
Table 5. Analyzed data from the questionnaire results
Macintosh
Which was the easiest device for
endotracheal entubation?
Which device was easier to
make maneuver?
Which device did you feel more
confident?
Which device did you expect the
most complications?
Which device did you get
accustomed to use?

Miller

McCoy

McGrath

C-Mac

n

%

n

%

n

%

n

%

n

%

1

1.7

9

15.5

0

0

23

39.7

19

32.8

0

0

1

1.7

1

1.7

19

32.8

27

46.6

1

1.7

2

3.4

0

0

12

20.7

1

1.7

11

19.0

7

12.1

9

15.5

1

1.7

11

19.0

45

77.6

39

67.2

48

82.8

3

5.2

0

0
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steep curve, the tube cannot be directed without
a stylet. This feature may have created difficulty
for users while performing intubation with the
McGrath laryngoscope. As C-Mac with the easiest
use required fewer optimization maneuvers, it
led to lower dental trauma score. In our study,
the McGrath laryngoscope was documented to
have advantages over both curved-blade and
straight-blade laryngoscopes with consideration
to tracheal intubation time, number of attempts,
dental trauma severity, and ease of use. The
disposable, slim, acrylic cover fixed on the blade
of McGrath provides an indirect glottic view
with a 60° angulation. We believe that, thanks
to that characteristic, the time to intubation may
be shorter with McGrath in comparison with the
other direct laryngoscopes. Similar to our study,
in Ray et al.[13] novices reported that McGrath
provided a higher overall success rate for tracheal
intubation and less dental trauma incidence than
Macintosh laryngoscope. On the other hand,
another study compared McGrath with straight
blades but could not display any superiority in terms
of clinical results.[14] However, differently from our
study, Mallampati grade of ≥3 patients having
potential for difficult intubation were included in
the study mentioned above. Although experience
with video game play have been reported to
have some negative effects,[15] we discovered a
positive correlation in psychomotor skills of those
participants who played video games on a regular
basis. Previous studies have shown that residents
who are interested in video games have better
visual, spatial, and motor coordination.[16-19] It was
also indicated that such residents can quickly
learn endoscopical techniques and perform
better.[20] Nonetheless, studies have also compared
computer game players with non-players and lefthand dominance with right-hand dominance in
the context of laparoscopic surgery training and
determined that right-hand dominance provided
fewer unnecessary movements, faster learning,
and fewer errors.[21] In the same study, residents
having experience with computer games made
fewer mistakes than non-players.
Liquid-crystal
display
displays
of
videolaryngoscopes are used for guiding and
verifying the direction of ETT. Losing the 3D
visual depth on the screen may affect the time
and success while inserting the tube. This study
compared participants regarding their familiarity
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with computer games. While familiarity with
computer games did not create any significant
difference in the use of videolaryngoscopes, it did
shorten the average time to tracheal intubation
when the Macintosh blade was used. In that
regard, we believe that further studies can be
planned on the learning curves of fiberoptic
bronchoscopy and/or videolaryngoscopy use.
Although C-Mac and McGrath had been
clinically compared before, to the best of our
knowledge, this is the first randomized crossover
study that has been conducted with novices using
normal airway simulation and that has contrasted
these two laryngoscopes with conventional
methods. Previous studies have indicated that
trials performed using ‘ideal’ mannequins yield
similar results when compared with patients in a
clinic.[22] However, data obtained from mannequin
studies cannot be directly transferred to the
clinical practice because some factors which may
develop during laryngoscopy - such as bleeding,
secretions and fogging - cannot be simulated in
mannequin studies. This constitutes one of the
limitations of this study.
In conclusion, C-Mac was observed to provide a
higher overall success rate for tracheal intubation
and less dental trauma incidence when it was used
in a mannequin scenario. We could not document
any advantages related to the familiarity with
computer games.
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