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Abstract

Background

Managing difficult pediatric airway is challenging. The MultiViewScope (MVS) Stylet Scope
is reported to be useful in difficult pediatric airway. In this randomized crossover study, we
compared the effectiveness of the MVS Stylet Scope to a standard direct laryngoscope with
Miller #1 blade in simulated normal and difficult airways.

Methods

Fifteen expert anesthesiologists and Fifteen anesthesiology residents participated in the
study. Participants were asked to perform intubation with the Airsim Baby manikin first, and
then with the Airsim Pierre Robin manikin. Participants in each group used the intubation
devices in a randomized order. The primary outcome was the time of successful intubation.
The secondary outcomes were the force exerted on the incisors during intubation, Cor-
mack—Lehane scale, the difficulty of intubation.

Results

There were no differences between MVS Stylet Scope and Direct laryngoscope in the time
of successful intubation by the expert anesthesiologists or the anesthesiology residents in a
normal or difficult pediatric airway. MVS Stylet Scope significantly improved the force
exerted on the incisors during intubation in the expert anesthesiologists or the anesthesiol-
ogy residents in a normal or difficult pediatric airway. MVS Stylet Scope significantly
improved Cormack—Lehane scale, and the difficulty of intubation with difficult pediatric air-
way situation in both expert anesthesiologists and anesthesiology residents.
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Conclusions

Although less forces on the incisors and improved view of glottis were observed with the
MVS Stylet Scope, MVS Stylet Scope did not shorten the time of intubation. The results of
this study mean that the MVS Stylet Scope may be a less invasive airway devise than the
direct laryngoscope with the Miller blade in the pediatric airway management. For the next
step, we need to evaluate the MVS Stylet Scope in the real patients as an observational
study.

Introduction

Managing difficult pediatric airway is challenging especially under two years of age, because of
the following physiological features [1]. Neonates and infants have elevated metabolic rate and
lower functional residual capacity compared with adults [2]. Neonates and infants become
desaturated more rapidly than adults because of the physiological features. Awake intubation
is recommended when managing anticipated difficult airway in adults [3-5]. Awake intuba-
tion is rarely possible in children due to lack of cooperation of pediatric patients [6]. Conduct-
ing randomized clinical trials in children with difficult airways is very difficult. The major
challenges to performing such trials are the limited number of subjects qualifying for enroll-
ment and variability in airway anatomy.

The MultiViewScope (MVS) is a video laryngoscope system, in which the video monitor
handle can be attached to a stylet scope, Miller blade, Macintosh blade, or fiberscope. MVS
Stylet Scope is reported to be useful in difficult pediatric airway associated with Schwartz-Jam-
pel syndrome [7]. MVS Stylet Scope has a rigid fiberoptic device with a 90-degree curved tip,
which facilitates targeted intubation. MVS Stylet Scope is different from StyletScope (Nihon
Kohden, Tokyo, Japan), which has the 75-degree flexible distal tip [8].

The objective of this randomized crossover study was to determine which of the devices, a
standard direct laryngoscope with Miller #1 blade, or the MVS Stylet Scope, was associated
with shorter times for successful tracheal intubation by expert anesthesiologists or anesthesiol-
ogy residents in two manikins, simulating infants with a normal airway or the difficult airway
of Pierre Robin Sequence.

Materials and methods

This manuscript adheres to the applicable CONSORT guidelines. The supporting CONSORT
checklist is available as S1 Fig. The ethics committee of Kagoshima University Hospital
approved this randomized, crossover, manikin study. We conducted this study from Septem-
ber 2018 to December 2019 at Kagoshima University Hospital. We prospectively registered
this study on a publicly accessible database (UMIN Clinical Trials Registry ID:
UMINO000033456). We obtained written informed consent from all participants. Fifteen Japa-
nese Society of Anesthesiology board certified anesthesiologists as expert anesthesiologists and
Fifteen anesthesiology residents participated in the study. We decided to analyze data sepa-
rately from expert anesthesiologists and anesthesiology residents to evaluate utility of the MVS
Stylet Scope in both groups.

Protocol

We asked all participants about their experience in anesthesiology, in pediatric anesthesia, and
in MVS Stylet Scope. All participants received a 10-min standardized demonstration before
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the measurements. All participants were given 10 min to practice on a 3-6-month Airsim
Baby manikin (TruCorp, Co.Armagh, N. Ireland) with MVS stylet scope. We used Airsim
Baby manikin as normal pediatric airway. A 3-6-month Airsim Pierre Robin manikin (Tru-
Corp, Co.Armagh, N. Ireland), which had been designed in line with the characteristics of an
infant patient with Pierre Robin syndrome, was used as the difficult pediatric airway. The
study devices consisted of the MVS Stylet Scope, MVS-SC25 (MPI, Tokyo, Japan, Fig 1) and
the direct laryngoscope with the size 1 blade of Miller (HEINE Optotechnik, Herrsching,
Germany).

The outer diameter of MVS-SC25 was 2.5mm. The endotracheal tube of inner diameter of
3.0 to 4.0 mm were able to be attached to the MVS-SC25. We used a 3.5 mm uncuffed endotra-
cheal tube (Covidien, Medtronic, Minneapolis, MN, USA) for each intubation attempt. We
used a 6 French outer diameter malleable intubating stylet (Parker Medical, Bridgewater, CT,
USA) for intubation with the direct laryngoscope with the Miller blade. We standardized the
stylet shape to mimic the curve of the MVS Stylet Scope. Participants performed intubation
with the Airsim Baby manikin first, and then with the Airsim Pierre Robin manikin. We did
not randomize the order of manikins, because we compared the devices not the manikins. Par-
ticipants performed intubation twice (with the MVS Stylet Scope or with the direct laryngo-
scope) with each manikin. Participants in each group used the intubation devices in an order
randomized by the internet-based software [Research Randomizer (Version 4.0) Retrieved on
October 13, 2016, from http://www.randomizer.org/]. There was no restriction of randomiza-
tion (such as blocking and block size). The researcher (KG) generated the random allocation
sequence, enrolled participants, and assigned participants to interventions. No one is blinded
to the allocation. The duration of successful intubation (between the time when endotracheal
tube entered the oral cavity and the time when the lungs were positively ventilated) was mea-
sured by the same researcher (KG). We considered it is an unsuccessful attempt, if intubation
could not be completed in 90 s. We considered it is an unsuccessful intubation, if intubation
could not be performed on the third attempt. Participants assessed the best glottic view on the
Cormack-Lehane scale, the difficulty of intubation (NRS, Numerical Rating Scale of 0-10,
where 0 indicates “no difficulty” and 10 indicates “maximum difficulty”), and preference of
the two devices (the MVS Stylet Scope or the direct laryngoscope) for intubation. A pressure
film transducer (LLLW Prescale Pressure Film, full scale 0.6 MPa, accuracy 10%, Fujifilm,
Tokyo, Japan) was used to measure the force exerted on the incisors during intubation. The
film transducer was composed of two layers. One contained microcapsules full of a coloring
fluid substance; the other one was the fixing layer. When the microcapsules broke the films
underwent a color change proportional to the applied pressure. After each intubation, the
impressed layer was scanned and processed using Image J (U. S. National Institutes of Health,
Bethesda, Maryland, USA), which generated a matrix containing the mean pressure intensity
with a spatial resolution of 0.1 mm? The intensity of the resultant force was then calculated by
adding the contributions in pressure on each mm” of the film transducer.

Statistical analysis

The primary outcome was the time of successful intubation. The secondary outcomes were the
force exerted on the incisors during intubation, Cormack-Lehane scale, the difficulty of intu-
bation, preference of the two devices for intubation, and failure rate [9]. We considered 10 sec
in the time of successful intubation as clinically significant. To detect a difference of 10 sec in
the time of successful intubation with a two-sided approximation accepting an o error of 5%
and a B error of 10%, the required study size was calculated as 15 participants in one group
based on a previous study using Power and Sample Size Calculation version 3.1.2 (Dupont
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Abbreviations: MVS, MultiViewScope; OD, Outer Diameter

Fig 1. The MVS Stylet Scope.
https://doi.org/10.1371/journal.pone.0237593.9001

WD and Plummer WD, Vanderbilt University, Nashville, TN) [10]. Normally distributed data
are shown in means and standard deviations (SD). Data, which were not normally distributed,
are shown in medians and interpercentile ranges (IQR). Statistical analysis was performed
using Mann-Whitney test and 2-way ANOVA and ANOVA for Cross-over design (GraphPad
Prism 7.0, La Jolla, CA, USA). P < 0.05 was considered statistically significant except for
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carryover effects. For carryover effects, we considered P < 0.1 as statistically significant. Com-
parison of data from study period 1 were performed, when carryover effect was detected. All
data and raw images were deposited in a public repository [11, 12].

Results

The CONSORT diagram is shown in Fig 2.

Of 30 participants considered eligible for the study, no participant was excluded. The data
from all participants were included in the study. Table 1 shows the participants’ characteristics.
There was no clinically significant difference between groups. There were no missing data.

The primary and secondary outcomes are shown in Tables 2 to 5.

The detailed analyzed data are shown in S1-S4 Tables. MVS Stylet Scope significantly
improved the force exerted on the incisors during intubation in the expert anesthesiologists
with normal pediatric airway (Table 2). There were no differences between MVS Stylet Scope
and Direct laryngoscope in the time of successful intubation, Cormack-Lehane scale, and the
difficulty of intubation in the expert anesthesiologists with normal pediatric airway. Eight out
of 15 preferred MVS Stylet Scope and there was no intubation failure.

MVS Stylet Scope significantly improved the force exerted on the incisors during intuba-
tion, Cormack-Lehane scale, and the difficulty of intubation in the expert anesthesiologists
with difficult pediatric airway (Table 3). There were no differences between MVS Stylet Scope
and Direct laryngoscope in the time of successful intubation in the expert anesthesiologists
with difficult pediatric airway. Fourteen out of 15 preferred MVS Stylet Scope and there was
no intubation failure.

We analyzed data from study period 1, because of carryover effect in the force in the anes-
thesiology residents with normal pediatric airway (Table 4). MVS Stylet Scope significantly
improved the force exerted on the incisors during intubation in the anesthesiology residents
with normal pediatric airway. There were no differences between MVS Stylet Scope and Direct
laryngoscope in the time of successful intubation, Cormack-Lehane scale, and the difficulty of
intubation in the anesthesiology residents with normal pediatric airway. Eight out of 15 pre-
ferred MVS Stylet Scope and there was no intubation failure.

MVS Stylet Scope significantly improved the force exerted on the incisors during intuba-
tion, Cormack-Lehane scale, and the difficulty of intubation in the anesthesiology residents
with difficult pediatric airway (Table 5). There were no differences between MVS Stylet Scope
and Direct laryngoscope in the time of successful intubation in the anesthesiology residents
with difficult pediatric airway. Twelve out of 15 preferred MVS Stylet Scope and there was no
intubation failure.

The subject profile plots are shown in S2-S5 Figs.

Discussion

MVS Stylet Scope did not shorten time of successful intubation in any situation compared
with direct laryngoscope using Miller #1 blade. MVS Stylet Scope, however, did improve the
force exerted on the incisors during intubation of normal pediatric airway in both expert anes-
thesiologists and anesthesiology residents. In addition, MVS Stylet Scope significantly
improved the force exerted on the incisors during intubation, Cormack-Lehane scale, and the
difficulty of intubation with difficult pediatric airway situation in both expert anesthesiologists
and anesthesiology residents. Although the differences of Cormack-Lehane scale between the
MVS Stylet Scope and the direct laryngoscope using Miller #1 blade were small, we consider
the differences are clinically significant. The reason is that the participants in the both groups
reported improved difficulty of intubation with the MVS Stylet Scope.
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Fig 2. The CONSORT flow diagram of the study.
https://doi.org/10.1371/journal.pone.0237593.g002
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+ Excluded from analysis (give reasons) (n = 0)
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Table 1. Participants’ characteristics.

Expert anesthesiologists

SS then DL (n = 8)

DL then SS (n=7)

Experience in anesthesia

Less than a year (n) 0 0
1-3 years (n) 0 0
3-5 years (n) 1 0
More than 5 years (n) 7 7
Experience in PA
Less than a year (n) 0 0
1-3 years (n) 0 0
3-5 years (n) 1 1
More than 5 years (n) 7 6
Experience in using SS
For the first time (n) 6 7
Less than 10 times (n) 2 0
More than 10 times (n) 0 0

Anesthesiology residents

SS then DL (n = 8)

DL then SS (n =7)

Experience in anesthesia

Less than a year (n) 4 3

1-3 years (n) 3 2

3-5 years (n) 1 2

More than 5 years (n) 0 0
Experience in PA

Less than a year (n) 5 3

1-3 years (n) 2 3

3-5 years (n) 1 1

More than 5 years (n) 0 0
Experience in using SS

For the first time (n) 7 7

Less than 10 times (n) 1

More than 10 times (n) 0

Abbreviations: DL, Direct laryngoscope; PA, pediatric anesthesia; SS, MultiViewScope Stylet Scope.

https://doi.org/10.1371/journal.pone.0237593.t001

Table 2. Results of expert anesthesiologists with normal pediatric airway.

Intubation device

SS (n=15) DL (n=15) SS—DL (n =15)
Time (sec), mean (SD) 22.6 (8.8) 24.3 (7.7)
LSmean (95%CI), p value 1.5 (-3.2t0 6.3), P = 0.50
Force (N), mean (SD) 33.4(17.5) 68.7 (19.5)
LSmean (95%CI), p value 34.8 (20.4 to 49.2), P < 0.001
Cormack-Lehane scale (grade), median (IQR) 1(1to1) 1(1to1)
LSmean (95%CI), p value 0.13 (-0.07 to 0.33), P=0.18
Difficulty of intubation (NRS), median (IQR) 2(0to3) 2(0to4)
LSmean (95%CI), p value 0.38 (-0.78 to 1.53), P = 0.50

Abbreviations: CI, Confidence interval; DL, Direct laryngoscope; IQR, Interquartile range; LSmean, Least square

mean; NRS, Numerical Rating Scale; SD, Standard deviation; SS, MultiViewScope Stylet Scope. P values were

calculated using ANOVA for Cross-over design.

https://doi.org/10.1371/journal.pone.0237593.t002
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Table 3. Results of expert anesthesiologists with difficult pediatric airway.

Intubation device
SS (n=15) DL (n=15) SS—DL (n=15)

Time (sec), mean (SD) 25.3 (13.2) 28.0 (15.0)

LSmean (95%CI), p value 2.9 (-6.1t0 12.0), P=0.49
Force (N), mean (SD) 35.3(28.2) 55.8 (23.6)

LSmean (95%CI), p value 20.7 (6.9 to 34.4), P = 0.006
Cormack-Lehane scale (grade), median (IQR) 1(1to1) 2(1to2)

LSmean (95%CI), p value 0.58 (0.35 to 0.82), P < 0.001
Difficulty of intubation (NRS), median (IQR) 2(1to3) 3(3to5)

LSmean (95%CI), p value 1.59 (0.57 to 2.60), P = 0.005

Abbreviations: CI, Confidence interval; DL, Direct laryngoscope; IQR, Interquartile range; LSmean, Least square
mean; NRS, Numerical Rating Scale; SD, Standard deviation; SS, MultiViewScope Stylet Scope. P values were
calculated using ANOVA for Cross-over design.

https://doi.org/10.1371/journal.pone.0237593.t1003

Although MVS Stylet Scope significantly improved the visualization of vocal cords and the
difficulty of intubation in difficult pediatric airway manikin. The results were in line with the
previous study [13]. Vlatten et.al. compared Bonfils retromolar intubation fiberscope with
direct laryngoscope using Miller blade in the simulated difficult pediatric airway. The Bonfils
retromolar intubation fiberscope is another type of optical stylets [14]. The Bonfils retromolar
intubation fiberscope provided a better view of the larynx than direct laryngoscopy, but the
time to intubate was not improved. Vlatten reported that median time to intubate with the
Bonfils retromolar intubation fiberscope was 11 s. Mean time to intubate with MVS Stylet
Scope was 20.2 to 31.6 s in our study. Other trials have reported that mean or median intuba-
tion time with Bonfils retromolar intubation fiberscope was 36 to 58 s [15-17]. The difference
between MVS Stylet Scope and Bonfils retromolar intubation fiberscope is the tip designs. The
MVS Stylet Scope has a 90-degree semi-malleable tip, although Bonfils retromolar intubation
fiberscope has a 40-degree rigid tip.

Table 4. Results of anesthesiology residents with normal pediatric airway.

Time (sec), mean (SD)

LSmean (95%CI), p value

Cormack-Lehane scale (grade), median (IQR)
LSmean (95%CI), p value

Difficulty of intubation (NRS), median (IQR)
LSmean (95%CI), p value

Carryover effect

Force (N), mean (95%CI), Paired analysis
Comparison of data from study period 1
Force (N), median (IQR)

Force (N), n

Intubation device

SS (n=15) DL (n=15) SS—DL (n=15)
28.1 (8.2) 30.7 (10.8)

2.8 (-2.1t0 7.8), P=0.24"
1(1to1) 1(1to1)

0.20 (-0.03 to 0.44), P = 0.08"
2 (1to3) 3(1to5)

1.13 (-0.30 to 2.57), P = 0.11*
- - 62.3 (29.9 to 94.6), P = 0.005"
MVS Stylet Scope Direct laryngoscope Mann-Whitney test
17.6 (12.1 to 21.1) 83.8 (28.1 to 106.9) P =0.006"
8 7

Abbreviations: CI, Confidence interval; DL, Direct laryngoscope; IQR, Interquartile range; LSmean, Least square mean; NRS, Numerical Rating Scale; SD, Standard

deviation; SS, MultiViewScope Stylet Scope.

P values were calculated using ANOVA for Cross-over design

®P value was calculated using Mann-Whitney test.

https://doi.org/10.1371/journal.pone.0237593.t1004
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Table 5. Results of anesthesiology residents with difficult pediatric airway.

Intubation device
SS (n=15) DL (n=15) SS—DL (n=15)

Time (sec), mean (SD) 29.7 (10.0) 28.4(9.1)

LSmean (95%CI), p value -1.2 (-5.8 t0 3.5), P = 0.60
Force (N), mean (SD) 28.4 (20.1) 50.1 (32.2)

LSmean (95%CI), p value 21.8 (8.7 to 34.8), P = 0.003
Cormack-Lehane scale (grade), median (IQR) 1(1to1) 1(1to2)

LSmean (95%CI), p value 0.41 (0.13 to 0.69), P = 0.007
Difficulty of intubation (NRS), median (IQR) 2 (1to3) 4(2to6)

LSmean (95%CI), p value 1.47 (0.47 to 2.47), P = 0.007

Abbreviations: CI, Confidence interval; DL, Direct laryngoscope; IQR, Interquartile range; LSmean, Least square
mean; NRS, Numerical Rating Scale; SD, Standard deviation; SS, MultiViewScope Stylet Scope. P values were
calculated using ANOVA for Cross-over design.

https://doi.org/10.1371/journal.pone.0237593.t1005

We used pressure film transducer to measure the forces on the maxilla [18]. Some studies
have used subjective measurement of the forces by a single observer [19, 20]. We believe that
the film transducer method measures the forces more objectively than the subjective measure-
ment. The mean measured forces were 17.6 to 72.8 N. The forces are comparable with previous
reports [18, 21].

It is noteworthy that the times of successful intubation and Cormack-Lehane scale are simi-
lar in the two manikins. The mean time of successful intubation in the difficult pediatric air-
way was 28.4 sec, which was shorter than that of the normal pediatric airway (30.7 sec) in the
anesthesiology residents. This may be due to the learning effects, because the mean time of suc-
cessful intubation in the difficult pediatric airway (28.0 sec) was longer than that of the normal
pediatric airway (24.3 sec) in the experienced expert anesthesiologists. Hippard et al. have
reported that the time to intubation in the difficult pediatric airway manikin was shorter than
the normal pediatric airway manikins [20]. We do not consider the learning effects have influ-
enced our results, because we compared the devises, not the manikins.

The strength of this study are the rigorous randomized crossover design and objective mea-
surement of the forces. Some airway manikin studies using have not applied randomized
sequences, or evaluated the carryover effects [13, 18]. As we detected carryover effects in the
anesthesiology residents with normal pediatric airway situation, the sequences may have
effects on the outcomes.

Our study has several limitations. First, we used pediatric airway manikins. Some anesthesi-
ologists believe that rigid plastic manikins, lack of collapsible soft tissues, absence of secretions
make them unlikely to be useful surrogates for difficult airway [14]. The both manikins, which
we used, have been evaluated in clinical studies repeatedly [20, 22, 23]. Another limitation of
this study was that we did not randomize the order of manikins. This may account for our
result that the time of successful intubation in the difficult pediatric airway was short com-
pared to the normal pediatric airway in the anesthesiolosy residents. Third, most participants
did not have experience using MVS Stylet Scope. Only three participants have used MVS Stylet
Scope less than 10 times, and no one has used it more than 10 times. It is possible that the
results might be different if experienced anesthesiologists participated.

In conclusion, although less forces on the incisors and improved view of glottis were
observed with the MVS Stylet Scope, MVS Stylet Scope did not shorten the time of intubation.
The results of this study mean that the MVS Stylet Scope may be a less invasive airway devise
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than the direct laryngoscope with the Miller blade in the pediatric airway management. For
the next step, we need to evaluate the MVS Stylet Scope in the real patients as an observational
study.

Supporting information

S1 Fig. CONSORT checklist.
(PDF)

S2 Fig. Subject profile plots, expert anesthesiologists with normal pediatric airway.
(PDF)

S3 Fig. Subject profile plots, expert anesthesiologists with difficult pediatric airway.
(PDF)

S4 Fig. Subject profile plots, anesthesiology residents with normal pediatric airway.
(PDF)

S5 Fig. Subject profile plots, anesthesiology residents with difficult pediatric airway.
(PDF)

S1 Table. Detailed data of the results of expert anesthesiologists with normal pediatric air-
way.
(PDF)

$2 Table. Detailed data of the results of expert anesthesiologists with difficult pediatric air-
way.
(PDF)

S3 Table. Detailed data of the results of anesthesiology residents with normal pediatric air-
way.
(PDF)

S4 Table. Detailed data of the results of anesthesiology residents with difficult pediatric
airway.
(PDF)

Acknowledgments
We would like to thank Editage (www.editage.com) for English language editing.

Author Contributions

Conceptualization: Kohei Godai, Yuichi Kanmura.
Data curation: Kohei Godai.

Formal analysis: Kohei Godai.

Funding acquisition: Yuichi Kanmura.
Investigation: Kohei Godai.

Methodology: Kohei Godai.

Project administration: Kohei Godai.

Resources: Kohei Godai.

PLOS ONE | https://doi.org/10.1371/journal.pone.0237593  August 13, 2020 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237593.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237593.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237593.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237593.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237593.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237593.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237593.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237593.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237593.s009
http://www.editage.com/
https://doi.org/10.1371/journal.pone.0237593

PLOS ONE

MultiViewScope Stylet Scope in pediatric manikins

Software: Kohei Godai.

Supervision: Takahiro Moriyama, Yuichi Kanmura.

Validation: Takahiro Moriyama, Yuichi Kanmura.

Visualization: Kohei Godai.

Writing - original draft: Kohei Godai.

Writing - review & editing: Takahiro Moriyama, Yuichi Kanmura.

References

1.

10.

11.

12

13.

14.

15.

16.

Belanger J, Kossick M. Methods of identifying and managing the difficult airway in the pediatric popula-
tion. AANA J. 2015; 83: 35—-41. PMID: 25842632

Hill JR, Robinson DC. Oxygen consumption in normally grown, small-for-dates and large-for-dates
new-born infants. J Physiol. 1968; 199: 685—703. https://doi.org/10.1113/jphysiol.1968.sp008673
PMID: 5751613

Japanese Society of A. JSA airway management guideline 2014: to improve the safety of induction of
anesthesia. J Anesth. 2014; 28: 482—493. https://doi.org/10.1007/s00540-014-1844-4 PMID: 24989448

Frerk C, Mitchell VS, McNarry AF, Mendonca C, Bhagrath R, Patel A, et al. Difficult Airway Society
2015 guidelines for management of unanticipated difficult intubation in adults. Br J Anaesth. 2015; 115:
827-848. https://doi.org/10.1093/bja/aev371 PMID: 26556848

Apfelbaum JL, Hagberg CA, Caplan RA, Blitt CD, Connis RT, Nickinovich DG, et al. Practice guidelines
for management of the difficult airway: an updated report by the American Society of Anesthesiologists
Task Force on Management of the Difficult Airway. Anesthesiology. 2013; 118: 251-270. https://doi.
org/10.1097/ALN.0b013e31827773b2 PMID: 23364566

Klucka J, Stourac P, Stoudek R, Toukalkova M, Harazim H, Kosinova M. Controversies in Pediatric
Perioperative Airways. Biomed Res Int. 2015; 2015: 368761. https://doi.org/10.1155/2015/368761
PMID: 26759809

Mukaihara K, Godai K, Yamada T, Hasegawa-Moriyama M, Kanmura Y. Successful airway manage-
ment using a MultiViewScope handle with a stylet scope in a patient with Schwartz-Jampel syndrome.
JA clinical reports. 2016; 2: 36. https://doi.org/10.1186/s40981-016-0062-5 PMID: 29492431

Kitamura T, Yamada Y, Du HL, Hanaoka K. Efficiency of a new fiberoptic stylet scope in tracheal intuba-
tion. Anesthesiology. 1999; 91: 1628—1632. https://doi.org/10.1097/00000542-199912000-00013
PMID: 10598603

Cormack RS, Lehane J. Difficult tracheal intubation in obstetrics. Anaesthesia. 1984; 39: 1105-1111.
PMID: 6507827

White M, Weale N, Nolan J, Sale S, Bayley G. Comparison of the Cobalt Glidescope video laryngo-
scope with conventional laryngoscopy in simulated normal and difficult infant airways. Paediatric anaes-
thesia. 2009; 19: 1108—1112. https://doi.org/10.1111/j.1460-9592.2009.03123.x PMID: 19659602

Godai K. 20200113 Pediatric Airway Manikin study data; 2020 [cited 2020 Jan 13]. Database: figshare
[Internet]. Available from: https://figshare.com/articles/20200113_Pediatric_Airway Manikin_study
data/11591298

Godai K. 20200114 Pediatric Airway study prescale figures; 2020 [cited 2020 Jan 13]. Database: fig-
share [Internet]. Available from: https:/figshare.com/articles/20200114_Pediatric_Airway_study_
prescale_figures/11604024

Vlatten A, Aucoin S, Litz S, MacManus B, Soder C. A comparison of bonfils fiberscope-assisted laryn-
goscopy and standard direct laryngoscopy in simulated difficult pediatric intubation: a manikin study.
Paediatric anaesthesia. 2010; 20: 559-565. https://doi.org/10.1111/j.1460-9592.2010.03298.x PMID:
20412457

Thong SY, Wong TG. Clinical uses of the Bonfils Retromolar Intubation Fiberscope: a review. Anesth
Analg. 2012; 115: 855-866. https://doi.org/10.1213/ANE.Ob013e318265bae2 PMID: 22956530

Kaufmann J, Laschat M, Hellmich M, Wappler F. A randomized controlled comparison of the Bonfils
fiberscope and the GlideScope Cobalt AVL video laryngoscope for visualization of the larynx and intu-
bation of the trachea in infants and small children with normal airways. Paediatric anaesthesia. 2013;
28:913-919. https://doi.org/10.1111/pan.12137 PMID: 23506414

Kaufmann J, Laschat M, Engelhardt T, Hellmich M, Wappler F. Tracheal intubation with the Bonfils
fiberscope in the difficult pediatric airway: a comparison with fiberoptic intubation. Paediatric anaesthe-
sia. 2015; 25: 372-378. https://doi.org/10.1111/pan.12523 PMID: 25212815

PLOS ONE | https://doi.org/10.1371/journal.pone.0237593  August 13, 2020 11/12


http://www.ncbi.nlm.nih.gov/pubmed/25842632
https://doi.org/10.1113/jphysiol.1968.sp008673
http://www.ncbi.nlm.nih.gov/pubmed/5751613
https://doi.org/10.1007/s00540-014-1844-4
http://www.ncbi.nlm.nih.gov/pubmed/24989448
https://doi.org/10.1093/bja/aev371
http://www.ncbi.nlm.nih.gov/pubmed/26556848
https://doi.org/10.1097/ALN.0b013e31827773b2
https://doi.org/10.1097/ALN.0b013e31827773b2
http://www.ncbi.nlm.nih.gov/pubmed/23364566
https://doi.org/10.1155/2015/368761
http://www.ncbi.nlm.nih.gov/pubmed/26759809
https://doi.org/10.1186/s40981-016-0062-5
http://www.ncbi.nlm.nih.gov/pubmed/29492431
https://doi.org/10.1097/00000542-199912000-00013
http://www.ncbi.nlm.nih.gov/pubmed/10598603
http://www.ncbi.nlm.nih.gov/pubmed/6507827
https://doi.org/10.1111/j.1460-9592.2009.03123.x
http://www.ncbi.nlm.nih.gov/pubmed/19659602
https://figshare.com/articles/20200113_Pediatric_Airway_Manikin_study_data/11591298
https://figshare.com/articles/20200113_Pediatric_Airway_Manikin_study_data/11591298
https://figshare.com/articles/20200114_Pediatric_Airway_study_prescale_figures/11604024
https://figshare.com/articles/20200114_Pediatric_Airway_study_prescale_figures/11604024
https://doi.org/10.1111/j.1460-9592.2010.03298.x
http://www.ncbi.nlm.nih.gov/pubmed/20412457
https://doi.org/10.1213/ANE.0b013e318265bae2
http://www.ncbi.nlm.nih.gov/pubmed/22956530
https://doi.org/10.1111/pan.12137
http://www.ncbi.nlm.nih.gov/pubmed/23506414
https://doi.org/10.1111/pan.12523
http://www.ncbi.nlm.nih.gov/pubmed/25212815
https://doi.org/10.1371/journal.pone.0237593

PLOS ONE

MultiViewScope Stylet Scope in pediatric manikins

17.

18.

19.

20.

21.

22,

23.

Bein B, Wortmann F, Meybohm P, Steinfath M, Scholz J, Dorges V. Evaluation of the pediatric Bonfils
fiberscope for elective endotracheal intubation. Paediatric anaesthesia. 2008; 18: 1040—1044. https://
doi.org/10.1111/j.1460-9592.2008.02768.x PMID: 18950326

Carassiti M, Zanzonico R, Cecchini S, Silvestri S, Cataldo R, Agro FE. Force and pressure distribution
using Macintosh and GlideScope laryngoscopes in normal and difficult airways: a manikin study. Br J
Anaesth. 2012; 108: 146—151. https://doi.org/10.1093/bja/aer304 PMID: 21965048

Fonte M, Oulego-Erroz |, Nadkarni L, Sanchez-Santos L, Iglesias-Vasquez A, Rodriguez-Nunez A. A
randomized comparison of the GlideScope videolaryngoscope to the standard laryngoscopy for intuba-
tion by pediatric residents in simulated easy and difficult infant airway scenarios. Pediatr Emerg Care.
2011; 27: 398—402. https://doi.org/10.1097/PEC.0b013e318217b550 PMID: 21494161

Hippard HK, Kalyani G, Olutoye OA, Mann DG, Watcha MF. A comparison of the Truview PCD and the
GlideScope Cobalt AVL video-laryngoscopes to the Miller blade for successfully intubating manikins
simulating normal and difficult pediatric airways. Paediatric anaesthesia. 2016; 26: 613—620. https://doi.
org/10.1111/pan.12906 PMID: 27083381

Kucaba G, Muster M, Filip D, Horeczy B, Szarpak L, Woloszczuk-Gebicka B. Pressure on the incisors
during direct laryngoscopy and intubation using the Shikani Optical Stylet. Am J Emerg Med. 2017; 35:
1370-1372. https://doi.org/10.1016/j.ajem.2017.03.026 PMID: 28318802

Fiadjoe JE, Hirschfeld M, Wu S, Markley J, Gurnaney H, Jawad AF, et al. A randomized multi-institu-
tional crossover comparison of the GlideScope(R) Cobalt Video laryngoscope to the flexible fiberoptic
bronchoscope in a Pierre Robin manikin. Paediatric anaesthesia. 2015; 25: 801-806. https://doi.org/10.
1111/pan.12668 PMID: 25917552

Desai N, Johnson M, Priddis K, Ray S, Chigaru L. Comparative evaluation of Airtrag and GlideScope
(R) videolaryngoscopes for difficult pediatric intubation in a Pierre Robin manikin. Eur J Pediatr. 2019;
178: 1105—-1111. https://doi.org/10.1007/s00431-019-03396-7 PMID: 31119438

PLOS ONE | https://doi.org/10.1371/journal.pone.0237593  August 13, 2020 12/12


https://doi.org/10.1111/j.1460-9592.2008.02768.x
https://doi.org/10.1111/j.1460-9592.2008.02768.x
http://www.ncbi.nlm.nih.gov/pubmed/18950326
https://doi.org/10.1093/bja/aer304
http://www.ncbi.nlm.nih.gov/pubmed/21965048
https://doi.org/10.1097/PEC.0b013e318217b550
http://www.ncbi.nlm.nih.gov/pubmed/21494161
https://doi.org/10.1111/pan.12906
https://doi.org/10.1111/pan.12906
http://www.ncbi.nlm.nih.gov/pubmed/27083381
https://doi.org/10.1016/j.ajem.2017.03.026
http://www.ncbi.nlm.nih.gov/pubmed/28318802
https://doi.org/10.1111/pan.12668
https://doi.org/10.1111/pan.12668
http://www.ncbi.nlm.nih.gov/pubmed/25917552
https://doi.org/10.1007/s00431-019-03396-7
http://www.ncbi.nlm.nih.gov/pubmed/31119438
https://doi.org/10.1371/journal.pone.0237593

