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Purpose: A videolaryngoscope has been recommended for intubation in the COVID-19 scenario but the
videolaryngoscope providing optimal intubation conditions is not ascertained. We compared KingVision
channelled blade with a non-Channelled videolaryngoscope for intubation times in a simulated COVID-
19 intubation scenario by both anaesthesiologists and non-anaesthesiologists.
Methods: This prospective randomised cross over mannequin study was conducted in a skill training lab.
25 anaesthesiologists and 25 non-anaesthesiologists donned in standard personal protective equipment
performed 100 intubations with KingVision and Tuoren videolaryngoscopes in a mannequin covered
with a transparent plastic sheet. The total intubation time, percentage of glottic opening scores, first
attempt success rates were assessed.
Results: The mean difference in intubation times in anaesthesiologists and non-anaesthesiologist less
with KingVision videolaryngoscope (21.1s; 95% CI 9.6e32.6s vs. 35.9s; 95% CI 24.4e47.4 s; P ¼ 0.001).
Percentage of glottic opening score was significantly better with KingVision by non-anaesthesiologists
(60; IQR 42.5 to 75 vs. 70; IQR 50 to 100; P ¼ 0.019). KingVision provided superior first attempt suc-
cess rate in non-anaesthesiologists (84% vs. 61.9%; P ¼ 0.02) and anaesthesiologists (96% vs. 76%;
P ¼ 0.12).
Conclusion: KingVision channelled videolaryngoscope provided faster intubation times, glottic views and
first attempt success rates in a simulated COVID-19 scenario in manikins and might be preferred over
videolaryngoscopes with non-channelled blade. The findings need to be further verified in humans.
Trial registration: ctri.nic.in identifier: REF/2020/05/033338.

© 2021 Elsevier Ltd. All rights reserved.
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ritical care, Ansari Nagar, All

(A. Gupta).
1. Introduction

COVID-19 has a wide spectrum of clinical severity and often
leads to acute hypoxemic respiratory insufficiency that may
necessitate intubation and ventilation [1,2]. Healthcare providers
(HCPs), managing these patients need to perform the best practices
for intubation and ventilation while ensuring strict self-protection
measures.
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Intubation and ventilation are high-risk aerosol-generating
procedures and increase the risk of COVID-19 infection to HCPs
performing these procedures [3]. Hence, the use of full personal
protective equipment (PPE) along with barrier enclosures has been
recommended to prevent aerosol exposure. Moreover, because of
the urgency of the situation, reduced oxygen reserves, need for
rapid sequence intubation, limited time for airway assessment, use
of barrier devices like a plastic sheet or intubation box, and
restricted movements due to PPE makes intubation challenging in
COVID-19 patients [4,5]. Furthermore, in the case of difficult intu-
bation, summoning expert help may not be a realistic option. All
these factors may increase the chances of intubation failure and
associated morbidity.

Most consensus recommendations have suggested the use of a
disposable videolaryngoscope for initial intubation attempts in the
COVID-19 scenario. Videolaryngoscopes improve glottic visual-
isation but despite an improved glottic view, intubation may be
difficult, and one may need additional manoeuvres and adjuncts
like a stylet to facilitate intubation [6,7].

Channelled devices like KingVision videolaryngoscope have an
embedded tube-guiding channel to guide the tracheal tube towards
the glottis. This obviates the requirement of a stylet and additional
manoeuvrings to navigate the tube through the upper airway. The
KingVision videolaryngoscope Channelled blade has been shown to
provide better intubation characteristics as compared to conven-
tional direct laryngoscopy or non-channelled videolaryngoscopes
for intubation in mannequins by non-anaesthesiologists [7,8].
However, in human, some differences were found when comparing
channelled with non-channelled devices [9]. The non-channelled
Tuoren videolaryngoscope device has a Macintosh type of blade.
In the situation of the current pandemic, no study has been con-
ducted to objectively compare the efficacy of these two categories
of videolaryngoscopes for intubation success and ease of use by
medical professionals donned in PPE. We aimed to establish the
relative efficacy of the non-channelled Tuoren videolaryngoscope
as compared to the channelled KingVision videolaryngoscope in a
simulated COVID-19 intubation scenario on a mannequin by both
anaesthesiologists and non-anaesthesiologists. We hypothesised
that the use of videolaryngoscope with a tracheal tube guide
channel would provide us with faster intubation times compared to
a non-channelled videolaryngoscope blade. We recruited all health
care personnel for our study, as the pandemic situation may
necessitate HCPs from all specialties to take care of critically ill
patients including the need to secure the airway in an emergency.

2. Methods

Ethical approval for this study (Ethical Committee No. IEC-355/
08.05.2020) was provided by the institute ethical committee of All
India Institute of Medical Sciences, New Delhi, India (Chairperson
Dr T.P. Singh) on 8 May 2020. Following ethical committee
approval, the clinical trial registry of India registration (REF/2020/
05/033338) was done prospectively fromMay 2020 to July 2020. 50
medical professionals (25 anaesthesiologists and 25 non-
anaesthesiologists) were recruited in this prospective randomised
crossover trial which was conducted in the skill lab facility of a
tertiary care hospital. None of the study participants had any past
clinical experience with the study devices. Written informed con-
sent and consent for the publication of procedural images was
obtained from all the participants.

The stratified random sampling was used for selecting the study
participants. Within-group persons were selected using computer-
generated random numbers from the list of anaesthesiologists and
non-anaesthesiologists in our institute and these were maintained
in opaque sealed envelopes.
43
Any anaesthesiologist with at least one-year experience in
anaesthesia who had done more than 20 successful video-
laryngoscope (other than the study devices) guided intubations
was included in the experienced category. The non-
anaesthesiologist group consisted of any medical personnel
belonging to other clinical domains (medicine, cardiology,
neurology, surgery, etc.) that were being deployed to take care of
COVID-19 patients.

Before starting the study, all participants were briefed about the
use of indirect laryngoscopes and specifics of study devices in a 30-
min didactic education session by two of the authors (AG, NG) in
small batches of five each. Following this, the intubation procedure
was demonstrated using both the devices in the mannequin
(Laerdal_ Airway Management Trainer, Laerdal, Stavanger, Nor-
way). Subsequently, each participant donned in PPE including
googles, headgear, coverall, and double gloves and attempted ten
intubations with a size 7.0-mm cuffed tracheal tube using both the
devices in a mannequin covered with a transparent plastic sheet to
simulate the COVID-19 scenario (Fig. 1A). Thereafter, for the final
session of recording the intubation characteristics, participants
used one of the two videolaryngoscope s as the initial device for
intubation as per their randomisation followed by the other device.

For intubation with the Tuoren videolaryngoscope (Fig. 1B;
Henan Tuoren Medical Device, Zhengzhou, China) non-Channelled
blade, a semi-rigid stylet was inserted in the tracheal tube and its
distal end bent into a hockey-stick shape. While for intubationwith
KingVision videolaryngoscope (Fig. 1B; Ambu GmbH, Bad Nauheim,
Germany), the tracheal tube was preloaded in the tube guide
channel before the intubation attempts. The participants were
allowed to orient the monitor for optimal viewing. An assistant
applied optimum external manipulation if needed to obtain the
best view, helped to remove the stylet from tracheal tube, inflated
the tracheal tube cuff, and connected the self-inflating bag for
ventilation. The time to glottic view and total intubation time
(primary endpoint) was measured using a stopwatch by an inde-
pendent observer.

The glottic view during the attempt was assessed using the
Percentage of Glottic Opening (POGO) score and modified
Cormack-Lehane grade during the intubation by an independent
assessor [10,11].

The total time to tracheal intubation was defined as the total
time taken from the insertion of the study device between the teeth
until the first successful lung inflation. The time to glottic view was
defined as the time from the introduction of the videolaryngoscope
blade up to the visualisation of the glottis. Every time the device
passed beyond the teeth and was fully taken out, an intubation
attempt was counted. The intubation was considered as failed if
intubation needed more than 120 s to perform or when the trachea
could not be intubated.

At the end of each intubation scenario, the participant rated the
overall satisfaction with the ease of device use on a visual analog
scale (from ‘0’ signifying extremely easy intubation to ‘10’ implying
extremely difficult ones). The participants were then given a
questionnaire to rate the two devices based on ease of blade
insertion, ease of obtaining a glottic view, ease of bringing the
tracheal tube to the glottis, ease of passing the tracheal tube into
the trachea (using a five-point Likert scale: 1- very easy; 2- easy; 3-
neutral; 4- hard and 5- very hard).

Additional measurements included the total number of intu-
bation attempts, first attempt success rate, the number of optimi-
zation manoeuvres needed for tracheal intubation (re-adjustment
of head position, need for applying optimal external laryngeal
manipulation, videolaryngoscope repositioning), and the number
of audible dental clicks. Repositioning of videolaryngoscope was
defined as the need to readjust its blade position (without taking it



Fig. 1. A: Simulated COVID-19 intubation set up for the study; 1B: Study devices (KingVision Channelled Videolaryngoscope and Tuoren Non-Channelled Videolaryngoscope).
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out of the oral cavity) once the optimal glottic view had been ob-
tained to assist with tracheal intubation.

The sample size was based on the paired t-test design (since the
same person intubated using both the devices). For detecting the
difference of 15 s for time to intubation between KingVision vid-
eolaryngoscope channelled blade and Tuoren videolaryngoscope in
a COVID setting by the anaesthesiologist and considering the
standard deviation of difference as 25 s and a correlation of 0.6
between them, a sample size of 24 anaesthesiologists was needed
at 80% power and 5% level of significance [7,8]. We decided to re-
cruit 25 anaesthesiologists to factor for any dropouts. Assuming the
similar parameters’ values for non-anaesthesiologists, we decided
to take an equal number of inexperienced operators (non-anaes-
thesiologists). Thus, a total sample of 50 (25 anaesthesiologists and
25 non-anaesthesiologists) was selected for the study.

Continuous data were reported as mean (standard deviation
[SD]) and median (inter-quartile range) depending upon the
normality, ordinal data with median (inter-quartile range), and
categorical data were presented as frequencies and percentages.
Data for the duration of the first and the successful intubation
attempt, and the ease of intubation scores (Visual analogue scale
(VAS) and Likert scales) were analysed using the paired t-test/
Wilcoxon signed-rank test and P-value adjusted as per Bonferroni
correction between the two blades. The first attempt success rates,
number of optimization manoeuvres used, number of intubation
attempts, and the severity of dental trauma (dental clicks) was
analysed using the Wilcoxon signed-rank and McNemar test be-
tween the blades for anaesthesiologist and non-anaesthesiologist.
The comparison between the anaesthesiologist and non-
anaesthesiologist for the individual blade was achieved using un-
paired t-test, chi-square test, and Mann-Whitney U test with Bon-
ferroni corrections. The p-value <0.05 was considered as
significant. All analysis was accomplished using SPSS version 17
(SPSS Inc, Chicago, USA) statistical software.
3. Results

Fifty participants donned in PPE (25 anaesthesiologists and 25
non-anaesthesiologists) performed 100 intubations (50 with each
device) inmannequin coveredwith a transparent plastic sheet after
familiarisation training (Fig. 2).

The mean age of participants was similar in the two groups
(Table 1). The time to glottic view [KingVision videolaryngoscope:
6s (IQR 5 to 8) vs. Tuoren videolaryngoscope: 10 s (IQR 7.5 to 15);
P¼ 0.002] (Table 1) and intubation [KingVision videolaryngoscope:
20 s (IQR 18 to 25) vs. Tuoren videolaryngoscope: 30 s (25e59);
P < 0.001] by anaesthesiologists was significantly shorter with
KingVision videolaryngoscope channelled blade (Fig. 3). Similarly,
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the time to visualise glottis [KingVision videolaryngoscope: 6 s (IQR
4.5 to 15.5) vs. Tuoren videolaryngoscope: 14 s (IQR 8.5 to 23);
P ¼ 0.006] (Table 1) and intubate (KingVision videolaryngoscope:
28 s (IQR 18.5 to 40) vs. Tuoren videolaryngoscope: 60 s (IQR 36 to
85.50); P < 0.001) by non-anaesthesiologists were also significantly
less with KingVision videolaryngoscope channelled blade (Fig. 3).

Both anaesthesiologists (21.1 s; 95% CI 9.64 to 32.60; P ¼ 0.001)
and non-anaesthesiologists (35.9 s; 95% CI 24.4 to 47.4; P ¼ 0.001)
took less time for intubation with KingVision videolaryngoscope
when compared with Tuoren videolaryngoscope. However, the
mean difference in intubation times between non-
anaesthesiologists and anaesthesiologists was only 10.5s with
KingVision videolaryngoscope (95% CI 2.1 to 18.9); P ¼ 0.15 as
compared to 25.3s with Tuoren videolaryngoscope (95% CI 6.5 to
44.2); P ¼ 0.009 (Fig. 4).

All participants succeeded in intubation with KingVision vid-
eolaryngoscope. The first attempt success rate was higher with
KingVision videolaryngoscope in non-anaesthesiologists (84% vs
52%; P¼ 0.04) and anaesthesiologists (96% vs 76%, P¼ 0.25) (Fig. 5).

The POGO score was consistently better with KingVision vid-
eolaryngoscope when compared with Tuoren videolaryngoscope
by both anaesthesiologists [80 (IQR 55 to 100) vs. 60 (IQR 50 to 80;
P ¼ 0.018)] and non-anaesthesiologists [70 (IQR 50 to 100) vs 60
(IQR 42.5 to 75; P ¼ 0.038)]. However, the POGO score between
anaesthesiologists and non-anaesthesiologists with the same type
of videolaryngoscopes were found to be comparable (Table 1).
Overall ease of intubation, ease of glottic visualisation, ease of
guiding the tracheal tube to the glottis, and passing the tube into
the trachea was better with KingVision videolaryngoscope Chan-
nelled blade by both anaesthesiologists and non-
anaesthesiologists. (Table 1). Anaesthesiologists caused less
audible dental clicks when using with KingVision video-
laryngoscope (12% vs 36%) compared with non-anaesthesiologists
(24% vs 64%). (P ¼ 0.009) (Table 1)
4. Discussion

We have compared two videolaryngoscope blade designs
(Channelled KingVision videolaryngoscope with a non-Channelled
Tuoren videolaryngoscope), for intubation in a mannequin by HCPs
(anaesthesiologists and non-anaesthesiologists) under full barrier
precautions. The main findings in our study were that KingVision
videolaryngoscope Channelled blade was superior to Tuoren vid-
eolaryngoscope for intubation a mannequin by HCPs with respect
to intubation time, first attempt success rates, intubation failure,
and ease of intubation.

Intubation and ventilation increase the risk of contracting
COVID-19 by about 13 times [12]. The use of barrier enclosures, PPE



Fig. 2. CONSORT 2010 flow diagram.
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and fogging of the goggles tends to restrict the vision and fine
movements needed during laryngoscopy [13e18]. These factors
were reported as a deterrent by all the participants. Begley et al. had
reported prolonged intubation times with the use of the aerosol
box as compared to the lack of it [13]. All these factors make the
intubation conditions challenging in hypoxic COVID-19 patients,
even for experienced anaesthesiologists. The present pandemic
situation has necessitated the recruitment of non-
anaesthesiologists for management of COVID-19 patients [9].
Non-anaesthesiologists are not regular airway managers and may
find intubation exceedingly difficult under these sub-optimal
conditions.

In line with the clinical practice at our institute, we used a
transparent plastic sheet as a barrier to prevent aerosol spread. We
did not use intubation boxes because theywere not easily available,
tend to restrict the manoeuvrability of the device, can lead to a
breach in PPE, and increase the dispersal of aerosols in case of their
emergency removal in difficult airway scenario [13].

The videolaryngoscope devices used in our study had disposable
blades as recommended by themajority of the guidelines on airway
management in the COVID-19 patients [4,19,20]. In our study, the
POGO scores were significantly better with KingVision video-
laryngoscope channelled blade with median POGO scores of more
than 50 with both (Table 1). This may be because the blade of
45
KingVision videolaryngoscope is angled ninety degrees at the tip
which probably resulted in better glottic views as compared to
Tuoren videolaryngoscopewith an angulation of sixty degrees.
However, an important limitation of videolaryngoscopes is that it
may be challenging to intubate despite a good glottic view, and one
may need to use aids like stylets to facilitate intubation [21]. The
use of stylets may potentially increase the risk of soft tissue trauma
to the upper airway, prolong intubation times and maybe an
additional source of aerosol generation during their removal [22].
In the COVID-19 setting, it has been suggested that the tracheal
tube should be clamped or heat andmoisture exchange (HME) filter
should be pre-attached to its proximal end till the patient is intu-
bated and its cuff is inflated to reduce the generation of aerosols
[4,19,20]. The use of intubation adjuncts may hamper the applica-
tion of a clamp and it may also be difficult to remove them due to
other deterrents in place (plastic sheet, aerosol boxes, etc). All the
above-mentioned limitations of videolaryngoscopes with non-
Channelled blade can be circumvented with channelled blades
that have a specific slot through which a clamped tracheal tube can
be guided towards the glottis [23e25].

In general, videolaryngoscopes have a steep learning curve and
it can be attained with approximately 10 uses for various video-
laryngoscopes (C-MAC, Glidescope Ranger and McGrath Series 5)
[26,27]. Both the groups went through didactic and hands-on
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Table 1
Comparison of two videolaryngoscopes for intubation in a COVID-19 simulated mannequin by anaesthesiologists and non-anaesthesiologists. The various parameters are expressed as median [IQR]. The age of participants is
expressed as mean (SD).

Characteristics Anaesthesiologist
TVL (n ¼ 25)

Anaesthesiologist
KVL (n ¼ 25)

Non-
Anaesthesiologist
TVL (n ¼ 25)

Non-
Anaesthesiologist
KVL (n ¼ 25)

P-Value a (TVL vs KVL in
anaesthesiologist)

P- Value a (TVL vs KVL) in
non- anaesthesiologist

Anaesthesiologist vs non-
Anaesthesiologistb

KVL vs KVL TVL vs TVL

Age of participant (yrs) 28.3 (0.97) 27.8(1.2) NS NS NS NS
POGO 60[50.0e80.0] 80.0(55.0e100) 60.0(42.5e75.0) 70.0(50.0e100) 0.018 0.038 0.994 1.00
TIME G (s) 10.0[7.5e15.0] 6.0[5.0e8.0] 14.0[8.5e23.0] 6.0[4.5e15.5] 0.002 0.006 1.00 0.166
TTI (s) 30.0[25.0e59.0] 20.0[18.0e25.0] 60.0[36.0e85.50] 28.0[18.5e40.0] <0.001 <0.001 0.058 0.010
VAS (overall ease of use) 1.0[1.0e3.0] 1.0[1.0e1.0] 3.0[2.0e3.0] 1.0[1.0e1.5] 0.024 <0.001 0.306 0.002
Ease of blade insertion 1.0[1.0e2.5] 1.0[1.0e1.0] 2.0[1.0e3.0] 1.0[0.5e1.0] 0.098 <0.001 1.00 0.198
Ease of glottic visualisation 1.0[1.0e3.0] 1.0[1.0e1.0] 3.0[1.5e3.0] 1.0[1.0e1.0] 0.006 <0.001 1.00 0.080
Ease of brining TT to glottis 2.0[1.0e3.0] 1.0[0.0e1.0] 3.0[2.0e3.5] 1.0[0.0e1.0] <0.001 <0.001 0.932 0.082
Ease of inserting TT into trachea 3.0[1.0e3.0] 1.0[1.0e1.0] 3.0[2.5e3.5] 1.0[1.0e1.0] <0.001 <0.001 0.898 0.076
Number of attempts 1.0[1.0e1.5] 1.0[1.0e1.0] 1.0[1.0e2.0] 1.0[1.0e1.0] 0.218 <0.001 1.00 0.110
Overall Ease of intubation 5.0[3.0e6.0] 2.0[1.0e2.0] 5.0[3.0e6.0] 2.0[1.0e2.0] <0.001 <0.001 0.018 0.022
1st attempt success (n; %) 19(76) 24(96) 13(52) 21(84) 0.250 0.044 0.154 0.314
Manuvers needed: (n; %) 8(32.0) 0(0.0) 14(56.0) 3(12.0) 0.016 0.006 0.174 0.470

a Paired tests was applied: Wilcoxon singed rank test, McNemar test and p-value adjusted as per Bonferroni corrections.
b Unpaired tests- Mann-Whitney U test, Chi-square and P-value adjusted as per Bonferroni correction; TVL ¼ Touren videolaryngosocpe; KVL¼ KingVision videolaryngosocpe; TT ¼ tracheal tube; TTI ¼ total time to tracheal

intubation; s ¼ seconds; n ¼ number.
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Fig. 5. Kaplan-Meier probability success with respect to total intubation times for
different videolaryngoscope blades by novice and anaesthesiologist, depicting superior
success rates with KingVision Videolaryngoscope.
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[9]. However, their intubation times were more than our study
probably due to the widely different setting (field intubation in
simulated tongue oedema and cervical spine immobilization sce-
nario). Akihisa et al. have also reported that the use of a Channelled
KingVision videolaryngoscope improved the intubation character-
istics as compared to a non-Channelled blade by non-
anaesthesiologists [8]. A mean difference (95% CI) of 21.2 s
(9.6e32.6; p ¼ 0.001) in the experienced anaesthetist group and
35.9 s (24.4e47.4; p < 0.001) in the non-anaesthesiologist’s group
in our study between the two study devices is clinically relevant
particularly in COVID-19 patients with diminished oxygen reserves.
The mean (95% CI) difference in intubation times between non-
anaesthesiologists and anaesthesiologists was much less in King-
Vision videolaryngoscope [10.5(2.1e18.9) s vs 25.4 (6.5e44.2) s;
P ¼ 0.009]. This may be due to easier navigation of both the tube
and the blade tip together in the direction of the glottis with a
channelled blade which would be especially beneficial for intuba-
tion by inexperienced providers.

In our study, the overall success rate of intubation was superior
with the channelled KingVision videolaryngoscope blade (Table 1).
Our results are in concordance with a previous study which also
reported a better overall success rate with the channelled (87%)
videolaryngoscope as compared to the non-channelled one (47%)
[8].

Non-anaesthesiologists produced more audible clicks than
experienced anaesthesiologists during intubation. Also, the dental
clicks were consistently more when using Tuoren video-
laryngoscope when compared to KingVision videolaryngoscope.
The non-anaesthesiologists did not have prior experience in the
skill of laryngoscopy, and it is possible that they engendered more
pressure on maxillary incisors to cause dental clicks. Moreover,
poorer glottic views with Tuoren videolaryngoscope could have
resulted in increased lifting force during laryngoscopy. Previous
studies have also shown an increased incidence of dental clicks by
an inexperienced operator [29].
5. Limitations

Our study had some limitations. Firstly, it was a mannequin
47
study, and the results may not be fully replicated in a clinical
setting. We tried to simulate the COVID-19 setting by using full PPE
and covered the mannequin with a plastic sheet. This provided a
standardized environment to train providers in intubation during
the present pandemic using manikins as a safe surrogate to the
clinical situation. In actual practice, intubation in COVID-19 patients
may be trickier because of poor respiratory reserve in the patients
and the urgency of the situation. However, considering that the
ease of intubation was significantly better with KingVision video-
laryngoscope, presumably the results would apply to a clinical
setting as well particularly for non-anaesthesiologists. Secondly,
our investigators and participants could not be blinded to the study
devices and this may have resulted in potential bias. Also, the
participants in the study were being monitored for their skill of
intubation. This may have resulted in improved performance.
However, investigators were not part of the recording process and
an independent assessor recorded all the intubation data objec-
tively. Further, any such impact would have affected the results
with both the study devices equally.

6. Conclusion

KingVision videolaryngoscope was found superior for intuba-
tion a mannequin in a simulated COVID-19 scenario as compared to
Tuoren videolaryngoscope in terms of faster intubation times,
improved glottic views, ease of intubation, and overall success rates
as compared to Tuoren videolaryngoscope in manikins. KingVision
videolaryngoscope might be preferred as an intubation device to
reduce intubation times and improve first attempt success rates in
the COVID-19 scenario especially for intubation by non-
anaesthesiologists or inexperienced operators.
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