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A B S T R A C T

Background: Emergency endotracheal intubation in intensive care is a major challenge that can be associated
with life-threatening complications. The aim of this study was to evaluate the success of the first attempt of
endotracheal intubation and incidence of complications using Macintosh laryngoscopy, Airtraq or Glidescope
during emergency intubation in intensive care.
Patients and methods: One hundred twenty adult intensive care patients of ASA physical status III and IV who
required emergency endotracheal intubation were randomly allocated into 3 groups. Group M (40 patients) were
intubated using Macintosh laryngoscopy. Group G (40 patients) were intubated using Glidescope. Group A (40
patients) were intubated using Airtraq. The primary outcome was the success of the first attempt of endotracheal
intubation. Secondary outcomes included the number of intubation attempts, duration of intubation, glottic view
as assessed by Cormack-Lehane grade (C&L grade) and incidence of complications.
Results: Success of the first attempt of endotracheal intubation was significantly higher in both groups G and A
compared to group M (p < 0.05). The number of intubation attempts was significantly higher in group M
compared to both groups G and A (p < 0.05). The duration of endotracheal intubation was 28.80 ± 10.27 s in
group M compared to 31.45 ± 12.17 s in group G and 32.25 ± 11.96 s in group A (p > 0.05). The C&L grade
was significantly better in both groups G and A compared to group M (p < 0.05). No statistically significant
difference between the three groups in HR or MAP. The incidence of oxygen desaturation was significantly more
in group M compared to groups G and A. No statistically significant difference between the 3 studied groups
regarding the incidence of other complications.
Conclusion: Both Glidescope and Airtraq have higher first attempt success rate with a better glottic view and less
incidence of oxygen desaturation than Macintosh laryngoscopy during emergency intubation in intensive care.

1. Introduction

Emergency endotracheal intubation in intensive care unit is a life-
saving procedure that can be associated with difficult intubation and
serious complications. The incidence of difficult intubations in critically
ill patients is 10–20% [1–3]. Awake fiberoptic intubation is the gold
standard for endotracheal intubation in patients with predicted difficult
airway [4] however, we can't use for emergency endotracheal intuba-
tion.

Life-threatening complications such as pulmonary aspiration, hy-
poxia, hemodynamic instability, arrhythmias and cardiac arrest can
occur during endotracheal intubation especially with multiple attempts
or failed endotracheal intubation [5–7]. Optimization of glottic view,

decreasing the number of intubation attempts and shortening the
duration of intubation might reduce the incidence of such complica-
tions.

Macintosh direct laryngoscopy is the most frequently used tech-
nique for endotracheal intubation in anesthesia and intensive care.
Many indirect video laryngoscopes were introduced as alternative tools
for endotracheal intubation. The American Society of Anesthesiologists
recommended the use of video laryngoscopy for patients with suspected
difficult intubation [8]. A debate is still present about the advantage of
video laryngoscopy over direct laryngoscopy regarding the success of
endotracheal intubation and incidence of complications in intensive
care patients [9].

Airtraq is an optical laryngoscope with color-coded different sizes. It
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has two channels; the first channel is a track to preload the en-
dotracheal tube through it. The other channel consists of the imaging
system formed of mirrors and lenses to magnify the airway image
[10,11].

The Glidescope cobalt is a video laryngoscopy that has a reusable
video baton with disposable blades of different sizes. It has a camera
that provides a wide field of view with a clear picture on the monitor
screen [12].

The aim of this study was to evaluate the success of the first attempt
of endotracheal intubation, the number of attempts of endotracheal
intubation, duration of endotracheal intubation and incidence of com-
plications during emergency endotracheal intubation in ICU using ei-
ther Macintosh laryngoscopy, Airtraq or Glidescope video laryngo-
scope. We hypothesized that the use of a video laryngoscope would
improve the success of the first attempt of endotracheal intubation with
a better glottic view and reduce the incidence of complications.

2. Patients and methods

2.1. Study design

This prospective, randomized controlled study was carried out in
Zagazig University Hospital surgical intensive care unit from April 2016
to December 2017 after approval of our institutional review board
(IRB). One hundred twenty adult intensive care patients of ASA phy-
sical status III and IV aged more than 18 years who required emergency
endotracheal intubation were included in this study (Fig. 1). Patients
were randomly allocated according to a computer-generated random
number with and use of sealed opaque envelopes for allocation con-
cealment into one of three groups.

Group M (40 patients) were intubated using Macintosh laryngo-
scopy. Group G (40 patients) were intubated using glidescope cobalt

video-laryngoscope (Verathon Medical, Bothell WA, USA). Group A (40
patients) were intubated using Airtraq (Prodol Meditec S.A., Vizcaya,
Spain). The primary outcome was the success of the first attempt of
endotracheal intubation because it is the main aim in emergency si-
tuations. Secondary outcomes included the number of attempts of en-
dotracheal intubation, duration of endotracheal intubation, glottic view
as assessed by Cormack-Lehane grade (C&L grade) [13] and incidence
of complications.

Inclusion criteria were, age more than18 years, intensive care unit
patients need emergency endotracheal intubation.

Exclusion criteria included patients required endotracheal intuba-
tion due to cardiac arrest, severe oxygen desaturation (Spo2 < 80%)
and patients with diagnosed or predicted cervical spine injury.

Intubation was done by ICU physician with more than 3 years of
experience in anesthesia and intensive care and performed more than
30 intubations with each of Airtraq and Glidescope. All patients were
intubated by an oral endotracheal tube with a stylet for all intubations.
All patients were monitored for oxygen saturation, electrocardiography
and blood pressure. The endotracheal tube position was confirmed by
capnography.

After preoxygenation with 100% oxygen, rapid sequence induction
(RSI) with cricoid pressure was performed. Induction agents included
propofol 1–2mg/kg or ketamine 1–2mg/kg were titrated according to
the patient response and hemodynamics. Fentanyl 1–2 mcg/kg and
rocuronium 1mg/kg were given then intubation was attempted after
one minute.

An attempt is defined as an introduction of the laryngoscope into
the mouth and its removal regardless of whether an endotracheal tube
was inserted or not. If the oxygen saturation dropped below 90% the
attempt was terminated and considered as a failed attempt. The dura-
tion of intubation is defined as the time from laryngoscope was first
inserted into the patient’s mouth until the appearance of the first

Fig. 1. Consort flow-diagram demonstrating patients enrollment, randomization, allocation and analysis.
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capnography wave. Failed endotracheal intubation is defined as failure
to intubate the patient after 3 attempts using the same laryngoscope.

Hemodynamic parameters (heart rate and mean arterial blood
pressure) and oxygen saturation were recorded just before, during the
1, 2, 3, 4, 5 and 10min after endotracheal intubation.

Complications including oxygen desaturation<90%, arrhythmias,
esophageal intubation and lip, dental or oropharyngeal injuries were
recorded.

2.2. Sample size calculation

A power analysis using Chi- square test was done for independent
samples on the frequency of patients with success of the first attempt of
endotracheal intubation because it was the main outcome variable in
the present study. A pilot study was performed before starting this study
showed that frequency of patients with success of the first attempt of
endotracheal intubation was 72% in group M, 96% in group G and 94%
in group A. Taking power 0.8 and alpha error 0.05, a minimum sample
size of 33 patients was calculated for each group. We expected a rate of
20% exclusion after randomization so we added another 7 patients for
each group (MedCalc 13 for windows, MedCalc Software bvba, Ostend,
Belgium).

2.3. Statistical analysis

Continuous variables were expressed as mean ± SD and categorical
variables were expressed as number (percentage). Continuous variables
were checked for normality using Shapiro-Wilk test. One-way ANOVA
test was used for comparing normally distributed data while Kruskal
Wallis H test was used for non-normally distributed data. Percent of
categorical variables were compared using Chi-square test. All tests
were two sided. P-value < 0.05 was considered statistically significant.
Statistical Package for Social Science version 20.0 (SPSS Inc., Chicago,
IL, USA) and MedCalc for windows version 13 (MedCalc Software bvba,
Ostend, Belgium) was used for analysis of all data.

3. Results

Patients characteristics were comparable in the three studied groups
(p > 0.05) (Table1).

The success of the first attempt of endotracheal intubation was
significantly higher in both groups G (38 patients) and A (37 patients)
compared to group M (29 patients) (95%and 92.5% compared to
72.5%) (p < 0.05). The number of intubation attempts was sig-
nificantly higher in group M compared to both groups G and A
(p < 0.05). Eight patients in group M were intubated from the second
attempt compared to 2 patients in each of groups G and A. Three pa-
tients in group M required 3 attempts of endotracheal intubation
compared to one patient in group A and no patients in group G. One of
these 3 patients in group M couldn't be intubated after the third attempt
and was considered as failed intubation. This patient with failed

intubation in group M was successfully intubated within few second
with an intubating laryngeal mask after the three failed trials using the
Macintosh laryngoscopy. The duration of endotracheal intubation was
28.80 ± 10.27 s in group M (of all 40 cases including the patient with
failed intubation after 3 attempts) compared to 31.45 ± 12.17 s in
group G and 32.25 ± 11.96 s in group A (p > 0.05) (Table 2). The C&
L grade was significantly better in both groups G and A compared to
group M. Only 19 patients (47.5%) in group M had C&L grade I com-
pared to 32 patients (80%) in group G and 30 patients(75%) in group A.
Nine patients (22.5%) in group M had C&L grade II compared to 6
patients (15%) in group G and 7 patients (17.5%) in group A. Ten pa-
tients (25%) in group M had C&L grade III compared to 2 patients (5%)
in each of groups G and A. Two patients (5%) in group M were C&L
grade Ⅳ compared to one patient (2.5%) in group A and no patients in
group G (Fig. 2).

Although the heart rate (HR) and mean arterial blood pressure
(MAP) increased during intubation, there was no statistically significant
difference between the three studied groups in HR (Fig. 3) or MAP
(Fig. 4).

The incidence of oxygen desaturation was significantly more in
group M (10 patients) (25%) compared to 2 patients (5%) in group G
and 3 patients (7.5%) in group A. There was no statistically significant
difference between the 3 studied groups regarding the incidence of
other complications (p > 0.05) (Table 3).

4. Discussion

Emergency endotracheal intubation in critically ill patients with
borderline or poor cardiovascular and respiratory reserve is a major
challenge. This study was carried out to compare between Macintosh
laryngoscopy, Airtraq and glideslope for emergency endotracheal in-
tubation in the intensive care unit.

The success of the first attempt of endotracheal intubation was
significantly higher in both glideslope and Airtraq groups compared to
Macintosh group. Only 2 patients in glidescope group and 3 patients in
Airtraq group required more than one attempt for endotracheal in-
tubation compared to 11 patients in Macintosh group. This higher
success rate can be attributed to the better glottic view with Airtraq and
glidescope compared to Macintosh laryngoscope. The number of in-
tubation attempts was significantly less in glidescope and Airtraq
groups than Macintosh group. Our results are consistent with the study
done by Silverberg et al. [14] who found that first attempt success rate
was significantly higher with glidescope compared to direct laryngo-
scopy during urgent endotracheal intubation. Maharaj et al. [15] found
that Airtraq had a higher success of the first intubation attempt com-
pared to Macintosh laryngoscope in patients at increased risk for dif-
ficult intubation. Sakles et al. [16] showed higher first attempt success
rate with glidescope than Macintosh during intubation in the emer-
gency department. Also, Michailidou et al. found that the success rate of
emergency endotracheal intubation in trauma patients was higher with
video laryngoscopy than direct laryngoscopy [17]. In contrast to our

Table 1
Comparison between the studied groups as regard patient characteristics.

Demographic data Group M (N=40) Group G (N=40) Group A (N=40) p-value

Age (years): Mean ± SD 42.19 ± 13.52 44.34 ± 13.40 41.96 ± 15.27 0.709*

Sex: Male/Female: Number (%) 26 (65%)/14 (35%) 27 (67.5%)/13 (32.5%) 25 (62.5%)/15 (37.5%) 0.896§

APACHE: Mean ± SD 19.92 ± 5.16 22.17 ± 5.85 21.45 ± 5.31 0.159●

BMI (kg/m2): Mean ± SD 26.57 ± 4.86 25.65 ± 5.34 24.82 ± 4.65 0.292*

N=Total number of patients in each group.
Quantitative data were expressed as the mean ± SD.
Qualitative data were expressed as a number (percentage).
* One Way ANOVA test.
● Kruskal Wallis H test.
§ Chi-square test; p < 0.05 is significant.
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results Platts-Mills et al. found a similar success rate of the first attempt
of intubation between glidescope and direct laryngoscopy in emergency
department [18], but in their study , the choice of intubation device
was left to the provider with the preference of direct laryngoscopy
during cardiac arrest. Another study done by Lascarrou et al. [19]
showed that video laryngoscopy did not improve first-pass orotracheal
intubation in intensive care patients when compared with direct lar-
yngoscopy. But they used McGrath video laryngoscope for none-
mergency intubation by both non-expert and expert physicians.
Chalkeidis et al. [20] found that Airtraq was easier than Macintosh for
use during routine endotracheal intubation excluding patients with
predicted difficult intubation.

The current study revealed insignificant differences in duration of
endotracheal intubation among the studied groups, although the

glidescope and Airtraq have a slightly longer duration than Macintosh
group.

Consistent with our results Maharaj et al. [11] found no significant
difference between Airtraq and Macintosh laryngoscopy regarding the
time needed for routine endotracheal intubation. Also, Chalkeidis et al.
[20] in their study found no significant difference for the intubation
time between direct laryngoscopy and Airtraq among experienced an-
esthetist.

Platts-Mills [18] found that glidescope takes longer time than direct
laryngoscopy during emergency endotracheal intubation while Lim
et al. [21] found that glidescope takes a shorter time than direct lar-
yngoscopy in patients with cervical immobility. This variation in the
results regarding the duration of intubation can be attributed to the
difference in the level of experience of the intubating physician, the

Table 2
Comparison between the studied groups as regard intubation criteria.

Intubation criteria Group M (N=40) Group G (N=40) Group A (N=40) p-value

Success of first attempt of endotracheal intubation: Number (%) 29 (72.5%)‡,♯ 38 (95%) 37 (92.5%) 0.005§

No of intubation attempts
1 attempt: Number (%) 29 (72.5%)‡,♯ 38 (95%) 37 (92.5%) 0.028§

2 attempts: Number (%) 8 (20%) 2 (5%) 2 (5%)
3 attempts: Number (%) 3 (7.5%) 0 (0%) 1 (2.5%)

Failed endotracheal intubation: Number (%) 1 (2.5%) 0 (0%) 0 (0%) 0.365§

Duration of intubation(seconds): Mean ± SD 28.80 ± 10.27 31.45 ± 12.17 32.25 ± 11.96 0.552●

N=Total number of patients in each group.
Quantitative data were expressed as the mean ± SD.
Qualitative data were expressed as a number (percentage).

● Kruskal Wallis H test.
§ Chi-square test; p < 0.05 is significant.
‡ Significant difference between Group M and Group G.
♯ Significant difference between Group M and Group A.

Fig. 2. Bar chart shows comparison between the studied groups as regard Cormack-Lehane grade.
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degree of airway difficulty and the nature of the studied patients.
In the current study, Cormack-Lehane grade view was significantly

better in both glidescope and Airtraq groups compared to Macintosh
group. This better C&L grade may be the reason for the higher success
rate of first attempt of endotracheal intubation with Airtraq and gli-
descope with less number of intubation attempts. Our results are con-
sistent with the results of Lim et al. [21] who found that glidescope
provided better C& L grade when used for endotracheal intubation in
the emergency department. Nodoko et al. [22] found that patients in-
tubated with Airtraq had a better C& L grade compared to Macintosh
laryngoscopy in morbidly obese patients. Improved glottic visualization
and first attempt success rate were also reported with video

laryngoscopy in medical intensive care [23].
The current study revealed an insignificant difference in MAP and

HR between the three studied groups. In agreement with our results,
Siddiqui et al. [24] found no significant difference in MAP and HR
among the studied groups using direct laryngoscopy, Glidescope and
Trachlight during elective surgery. McElwain et al. [25] and Koh et al.
[26] reported a non-significant difference in hemodynamics in patients
with cervical immobilization intubated with Airtraq or Macintosh.

In contrast to our results, Maharaj et al. found less hemodynamic
stimulation with Airtraq compared to Macintosh laryngoscopy in pa-
tients with predicted difficult intubation [15]. Dashti et al. reported less
hemodynamic alterations in patients with untreated hypertension

Fig. 3. Marker & Error bar with connecting lines graph shows comparison between the studied groups as regard heart rate (b/min); Marker represents mean, Y-error
bar represents 95%confidence interval of the mean.

Fig. 4. Marker & Error bar with connecting lines graph shows comparison between the studied groups as regard mean arterial pressure (mmHg); Marker represent s
mean, Y-error bar represents 95%confidence interval of the mean.
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during intubation with glidescope compared to Macintosh laryngoscopy
[27].

Except for the incidence of oxygen desaturation, there was no sig-
nificant difference among the three groups regarding the incidence of
complications. Oxygen saturation dropped below 90% in 25% of pa-
tients in Macintosh group versus only 5% of patients in glidescope
group and 7.5% of patients in Airtraq group. This higher incidence of
oxygen desaturation in patients intubated with Macintosh laryngoscope
can be attributed to the lower success rate of the first attempt of en-
dotracheal intubation. Silverberg et al. found no significant difference
in the incidence of complications between glidescope and Macintosh
laryngoscopy during urgent intubation [14]. Maharaj et al. [15] found
that patients intubated with Airtraq had a significantly lower degree of
oxygen desaturation and incidence of other complications than Ma-
cintosh laryngoscopy in patients with predicted difficult intubation.

The current study has some Limitations, firstly blinding was not
feasible as it was impossible for the intubating physician to be blind
with the laryngoscopic device used for intubation. Secondly, the ex-
perience of the intubating physician was more with Macintosh lar-
yngoscopy compared to Airtraq and glidescope as it is more frequently
used in routine practice, but this was the same for all the physicians
participated in the study.

5. Conclusion

Both glidescope and Airtraq offer a higher first attempt success rate
with a better glottic view and less number of intubation attempts than
Macintosh laryngoscopy during emergency endotracheal intubation in
intensive care patients. Although the duration of intubation was com-
parable among the three laryngoscopies, the incidence of oxygen de-
saturation was significantly lower with both Airtraq and glidescope
than Macintosh laryngoscope with no significant difference regarding
the incidence of other complications.
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Qualitative data were expressed as number (percentage).

§ Chi-square test; p < 0.05 is significant.
‡ Significant difference between Group M and Group G.
♯ Significant difference between Group M and Group A.
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