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Abstract

Background: Video laryngoscopy has directly impacted airway management, with numerous studies
demonstrating its utility in clinical management of anatomically difficult airways. However, availability of
video laryngoscopes in all clinical areas has been limited by cost. We used smartphone technology,
miniature cameras and three-dimensional printing to design and create an innovative low-cost
hyperangulated video laryngoscope. This has the potential to make the technique more widely available.

Objectives: The aim of this study was to determine if time to intubation with the novel device was
clinically equivalent to an existing gold-standard video laryngoscope (Storz CMAC with Dorges blade).

Methods: We conducted a randomised, controlled, cross-over equivalence study with 100 skilled
practitioners who had previous video laryngoscopy experience. Participants received instruction on the
new device, and adequate opportunity to practice. Intubations were then performed in a randomised
order on a mannikin simulating a difficult airway. Video recordings of each intubation were analysed by
two independent investigators to determine time to intubation. A mean difference in intubation time of
less than 10 seconds was determined a priori to denote clinical equivalence.

Results: Mean difference in intubation time between the devices was 4.92 seconds, (two one-sided test
95%Cl: 2.34 — 7.49 seconds). The innovative low-cost VL was thus clinically equivalent to the industry
standard in a simulated difficult airway. Further testing in vivo in a clinical environment is needed.

Conclusion: The results of this study show that a low-cost disposable hyperangulated video laryngoscope
is clinically equivalent to the industry standard in a simulated difficult airway. In the context of the
current global pandemic, video laryngoscopy has been advised in nearly all airway guidelines. Access to a
low-cost VL which does not require reprocessing may be of great value.
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Chapter 1: Introduction

Video laryngoscopy has directly impacted airway management, with numerous studies
demonstrating its utility in clinical management of anatomically difficult airways. However,
availability of video laryngoscopes in all clinical areas has been limited by the relatively high cost. We
used smartphone technology, miniature cameras and three-dimensional printing to design and
create an innovative low-cost hyperangulated video laryngoscope with the potential to make the
technique more widely available.

The aim of this study was to determine if time to intubation with the novel device was clinically
equivalent to an existing gold-standard video laryngoscope (Storz CMAC with Dorges blade). We
conducted a randomised, controlled, cross-over equivalence study, during April and August 2019
with 100 skilled practitioners who had previous video laryngoscopy experience to determine mean
difference in intubation time between the devices.
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Innovation in low-cost video laryngoscopy: Intubator V1-Indirect
compared with Storz C-MAC in a simulated difficult airway

Abstract

Background

Video laryngoscopy has directly impacted airway management, with numerous studies
demonstrating its utility in clinical management of anatomically difficult airways. However,
availability of video laryngoscopes in all clinical areas has been limited by the relatively high cost. We
used smartphone technology, miniature cameras and three-dimensional printing to design and
create an innovative low-cost hyperangulated video laryngoscope. This has the potential to make
the technique more widely available. The aim of this study was to determine if time to intubation
with the novel device was clinically equivalent to an existing gold-standard video laryngoscope (Storz
CMAC with Dérges blade).

Methods:

We conducted a randomised, controlled, cross-over equivalence study with 100 skilled practitioners
who had previous video laryngoscopy experience. Participants received instruction on the new
device, and adequate opportunity to practice. Intubations were then performed in a randomised
order on a mannikin simulating a difficult airway. Video recordings of each intubation were analysed
by two independent investigators to determine time to intubation. A mean difference in intubation
time of less than 10 seconds was determined a priori to denote clinical equivalence.

Results:

Mean difference in intubation time between the devices was 4.92 seconds, (two one-sided test
95%Cl: 2.34 —7.49 seconds). The innovative low-cost VL was thus clinically equivalent to the
industry standard in a simulated difficult airway. Further testing in vivo in a clinical environment is
needed.

Conclusion:

The results of this study show that a low-cost disposable hyperangulated video laryngoscope is
clinically equivalent to the industry standard in a simulated difficult airway. In the context of the
current global pandemic, video laryngoscopy has been advised in nearly all airway guidelines. Access
to a low-cost VL which does not require reprocessing may be of great value.
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Introduction

Traditionally, the most commonly used tool for manipulation of the airway and tracheal intubation
under direct vision is a Macintosh blade laryngoscope.! The ability to safely perform this procedure
requires practice and experience, and can prove challenging where there are anatomical or situational
factors associated with a difficult airway.?®

In human trials, VLs have been shown to improve the view of the larynx and glottis compared to direct
laryngoscopy (DL).6 7 VLs have improved intubation first-pass success rates, decreased rates of
oesophageal intubation, and increased overall intubation success for both expert and inexperienced
providers, within as well as outside the operating theatre context.®® Whilst DL intubation has been
shown in some studies to be faster than VL, especially in experienced hands, VL may also be an
important rescue technique for failed DL intubation. This is reflected in a study which showed the
efficacy of the Storz CMAC video laryngoscope as a rescue device in the unanticipated difficult airway,
where 86% first-pass success (FPS) was achieved after failed direct laryngoscopy.’® The Difficult
Airway Society (DAS) now recommends that video laryngoscopy should be immediately available
whenever intubation is performed.!! A United Kingdom national survey highlighted the fact that VLs
are available in 93% of operating theatres, but only 54% of ICUs and 35% of emergency departments.!!
However, ICUs and emergency departments are clinical areas where unanticipated difficult airways
arise commonly. These data highlight the lack of availability of VL devices in these critical medical
areas, which may be due to the relatively high cost of VL devices.!!

An effective low-cost VL device may help to increase availability of these devices in all areas where
difficult airway management occurs, especially in lower income, resource-constrained countries
where rescue airway devices are not readily available. Furthermore, reduction in cost may facilitate
greater usage of VL, which could in turn improve patient safety and outcomes. In the context of the
current global pandemic, video laryngoscopy has been advised in many airway guidelines.’?*® Access
to a low-cost VL which does not require reprocessing may be of great value.

The Intubator V1-Indirect is a is a low-cost, disposable, hyperangulated VL developed in South Africa,
which is not yet available on the market. The device consists of a single-piece, injection-moulded,
polycarbonate blade-handle combination which houses a CMOS camera and reusable battery-
powered electronics module. Insertion of the electronics module makes a video stream available via
a 2.4 Ghz wireless access point. The user views the video stream using a purpose-built mobile phone
application which presents the stream on the device display. The user is thus able to perform VL
using a combination of the Intubator V1-Indirect and their smartphone. The device takes advantage
of the processing and display capability of modern smartphones, including recording capability. The
blade-handle-camera combination is disposable, eliminating the need for sterilisation and risks of
spread of pathogens. The device is lightweight, robust, portable and compact. The quality of the
video image produced with the endoscopic camera and mobile application is 720P, which exceeds
the resolution of the comparator (CMAC).

(Figure 1 — Intubator V1 Indirect)

The aim of this study was to determine clinical equivalence of a low-cost video laryngoscope with a
current standard device, using a simulated difficult airway model. Due to the hyperangulated shaped
blade of the novel device, the Storz CMAC Pocket Monitor with Dorges blade (Karl Storz GmBH,
Tuttlingen, Germany) was selected as an appropriate comparator. The Dorges blade is
hyperangulated and designed for a difficult airway and anterior larynx.
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(Figure 2 — Storz CMAC D-blade)

The null hypothesis is that a low cost video laryngoscope is not equivalent to the industry standard
in simulated difficult airway. The primary outcome was mean difference in intubation times, with a
secondary outcome of assessing laryngoscopic view obtained with each blade.

Methods

After approval by the University of Cape Town Human Research Ethics Committee (HREC REF
770/2018), a randomised, controlled, cross-over equivalence study was designed to compare the
novel device to an established industry standard. Participant inclusion criteria were skilled
intubators (>200 direct laryngoscopy intubations), with previous video laryngoscope experience.
One hundred participants were recruited from Groote Schuur and Red Cross War Memorial
Children’s Hospitals with written informed consent between April and August 2019.

1415

Participants received one-on-one demonstration of intubation with both the CMAC and low-cost
device on an airway training mannikin (Laerdal, Stavanger, Norway) in a controlled environment.
The manikin was immobilized with a cervical collar to simulate a difficult airway, as described in a
previous study.'® Participants then had an opportunity to practice intubating the mannikin with a
standard 7.0 mm internal diameter endotracheal tube loaded with a preformed malleable stylet with
both devices. Participants could practice with the devices and were required to demonstrate at least
three successful intubations with each device before they proceeded to perform their video-
recorded intubations. The novel device had video streamed to a mobile phone (Samsung Galaxy S7
Android device), which participants could place at a convenient vantage point of their choice.

After practice attempts with each device, participants were randomised by blinded selection of a
number from an envelope which determined the order of timed intubation attempts, with half
randomised to use either the C-MAC or novel device first. Participants were asked to intubate the
mannikin as swiftly as safely possible with each device and were not helped or guided during their
intubation attempts. Intubation was then immediately performed with the alternate device.

Video recordings were uploaded to a notebook computer and imported to an editing suite (Sony
Vegas 13C, Sony Creative Software Inc, Madison, U.S.A). Recordings were viewed frame-by-frame by
two different observers. Time-point markers were placed at the start of intubation (deemed as the
moment the device entered the oral cavity) and at the end of intubation (the moment the vocal cord
marker on the ETT moved past the true cords). Laryngoscopic views were graded using a portion of
the Fremantle score, as full, partial or no view of the glottic opening. ¥’

Statistical methods:

A sample size of 97 participants was calculated using PASS software (PASS 15 Power Analysis and
Sample Size Software 2017, NCSS, LLC. Kaysville, Utah, USA) for 90% power with an alpha error of
2.5%. Based on previous equivalence studies, a priori clinical equivalence limits were set at 10
seconds mean difference in intubation time.'®° Intubation times were recorded on a Microsoft Excel
spreadsheet (Microsoft Corporation, Redmond, Washington, USA), from where they were exported
to MedCalc for statistical analysis (MedCalc® Statistical Software, Ostend, Belgium;
https://www.medcalc.org; 2020). Interrater agreement was assessed using absolute agreement of
intraclass correlation coefficient. The average of the times analysed by the two observers was used
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in the final analysis. The mean difference in intubation time was compared using a two one-sided
test (TOST).

Results

All participants were anaesthesia trainees and consultants with video laryngoscopic intubation
experience. All successfully intubated the trachea during their timed attempt, with no oesophageal
intubations with either device. The mean difference for time to intubation was 4.92 seconds (95% ClI
2.34-7.49) as seen in Figure 2. This was within the 10 second a priori limits for clinical significance.
The fastest time and slowest times with the C-MAC D blade were 5.1 and 34.2 seconds respectively,
with an average time of 13.3 seconds. By comparison, the fastest and slowest time with the novel
device were 5.2 and 99.1 seconds with an average time of 18.15 seconds (Table 1). Absolute
interrater agreement in intubation between the two observers was high, with an intraclass
correlation coefficient of 0.9945 (95% Cl 0.9927 - 0.9958).

Views when using the CMAC were graded as full and partial in 42 and 58 cases respectively, and as
full and partial in 41 and 59 cases when using the Intubator. There were no cases of no glottic view.
(See Table 2).

Discussion

This study demonstrates equivalence of the low-cost video laryngoscope with an industry standard
device in immobilised mannikins. Participants were able to learn how to use the new device within a
brief period of time, and successfully intubate a simulated difficult airway. This study was in
accordance with the ADEPT guidelines, which suggest that manikin evidence should exist before a
new device is to be tested for equivalence in humans.®

It is noteworthy that while the devices were clinically equivalent within our defined limits, the CMAC
was nearly 5 seconds faster on average, with this result reaching statistical significance (p = 0.0003).
Most of the participants in this study use the CMAC on a regular basis, as it is the video laryngoscope
available in our institution. This may have led to some inherent performance bias in favour of the
CMAC. However, despite a learning curve with new device, approximately one third (36/100) of
participants were faster with the novel device than the CMAC.

Several other observations were made during the study in terms of the performance of the two
devices. There was variability with the ease with which some participants learned how to use the
novel device. Although all participants were allowed as much practice as desired and had to
demonstrate at least three successful intubations prior to their recorded efforts, some participants
may have rushed their training and practice attempts in order to return to their clinical duties. This
may account for outliers who were significantly slower than average and may have needed more
time to familiarize themselves with the new device.

The study naturally has several limitations. Participants were instructed to intubate the mannikin “as
fast as possible and to the best of your ability” and the study relied heavily on the best effort during
their timed intubation to give a true representation of the ability to use both devices. This may also
have influenced the quality of the laryngoscopic views obtained, as participants were concentrating
on swift intubation rather than obtaining the best possible view. The observers who analysed the
recordings could not be blinded as to which device was in use. However, the excellent interrater
agreement between observers suggests this had minimal effect. A few participants demonstrated
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performance anxiety because they were being timed. We feel, however, that performing an
emergency intubation also carries performance pressure, and thus this could still be an accurate
reflection of their ability under stressful situations.

In accordance with previous studies in the literature, participants were experienced users. It is not
known how the device might perform in the hands of inexperienced users. A subsequent study
could assess how novice users might perform with two devices. The primary outcomes of this study
was mean time to intubation, with laryngoscopic grading as a secondary outcome. Additional
outcomes not assessed here which are often assessed in similar studies include ease of use, or
airway/dental trauma.'” 2! Although these metrics could provide additional information regarding
the performance of the novel device, we selected equivalence in intubation time as the specific
outcome relevant to securing an airway as swiftly as possible.

The Intubator-V1 was prototyped using 3D-printing, but blade used during the study was
manufactured in the same fashion as the final production version, using injection moulding of
polycarbonate, which is cheap but extremely durable. The same blade was used by all participants
for multiple practice attempts and intubations throughout the study, and did not accrue any damage
or experience technical issues during at least 400 uses. It therefore far exceeds robustness required
of a single use device. It is noted that the environmental footprint of a disposable device could add
to environmental cost. However, polycarbonate is fully recyclable, and lack of requirement for
processing and sterilization decreases water and hazardous chemical use, reducing the
environmental effects.

Difficult airway management is a skill required by expert anaesthesiologists and junior clinicians
alike. Video laryngoscopy has proven to be a powerful modality in the field, and certainly has a place
as a rescue device in unanticipated failed intubation with direct laryngoscopy.® Furthermore, during
the COVID-19 pandemic, various anaesthesia and airway societies have advocated for video
laryngoscopy to help reduce healthcare worker exposure during intubation.22?

Studies have highlighted that VL is more readily available in operating theatre environments than in
emergency departments and intensive care units, where difficult and unanticipated emergency
intubation often takes place.!? Difficult airway society guidelines now dictate that VL be available in
all clinical areas where intubation takes place.? The major barrier to availability of these devices is
financial constraints, especially in resource-constrained low- and middle-income countries, where
studies show that perioperative outcomes are worse than the developed world .2 The goal of the
inventors of this low-cost device is to make video-laryngoscopy available to all medical practitioners,
with a disposable, hyperangulated blade specifically designed for the difficult airway, or as a rescue
device in the unanticipated difficult airway.

There is widespread acceptance that video laryngoscopy improves management of difficult airways,
but the availability thereof is limited, particularly in resource-constrained environments. This
discrepancy has been further highlighted during the COVID-19 pandemic, where most guidelines
recommend the use of VL. A low-cost video laryngoscope could help bridge resource gap, and allow
less well-funded areas and institutions to use this life saving equipment , and ultimately improve
patient outcomes. This study has shown that such a device is clinically equivalent to the industry
standard in a simulated difficult airway. This opens the way to further testing of this device in vivo
to determine clinical utility and safety, and ultimately make the device available to Africa and the
world.
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Figure 1. V1 Intubator Indirect - Novel low-cost hyperangulated disposable
videolaryngoscope

Figure 2. Storz CMAC with Dorges blade (Karl Storz GmBH, Tuttlingen, Germany)
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Figure 3. Equivalence plot showing mean difference in intubation time. Red dotted lines
show a priori clinical equivalence limit of 10 seconds.
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Table 1. Intubation time between CMAC and Intubator V1 indirect video laryngsocope

CMAC Intubator V1 Difference

N 100 100 -
Minimum intubation time (seconds) 5,08 5,20 -
Maximum intubation time (seconds) 34,22 98,53 -
Mean intubation time (seconds) 13,31 18,23 4,92%*
95% Cl of intubation time 12,18 to 14,44 15,62 to 20, 84 2,34t07,49
Standard deviation of intubation time 5,70 13,14 12,97
Interquartile range of intubation time 9,25t0 16,61 10,65 to 20,37 -1,85to0 7,73

N: number, Cl: confidence interval, SD: standard deviation, RSD: relative standard deviation, Normal
Distr: Normal distribution). *Mean difference in intubation time p = 0,0003.

Table 2. Fremantle!’ videolaryngoscopic score for view obtained with CMAC and Intubator.

Fremantle view grading CMAC-D, n (%) Intubator V-1, n (%)
Full 42 (42 %) 41 (41 %)
Partial 58 (58 %) 59 (59 %)
None 0 (0 %) 0 (0 %)

Total 100 (100 %) 100 (100 %)

Number of participants whom obtained a “Full”, “Partial” or “None” view as per Fremantle
videolaryngoscopic grading.
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Background: Video laryngoscopy has directly impacted airway management, with numerous studies
demonstrating its utility in clinical management of anatomically difficult airways. However, availability
of video laryngoscopes in all clinical areas has been limited by the relatively high cost. We used
smartphone technology, miniature cameras and three-dimensional printing to design and create an
innovative low-cost hyperangulated video laryngoscope. This has the potential to make the technique
more widely available. The aim of this study was to determine if time to intubation with the novel device
was clinically equivalent to an existing gold-standard video laryngoscope (Storz CMAC with Dorges
blade).
Methods: We conducted a randomised, controlled, cross-over equivalence study with 100 skilled prac-
titioners who had previous video laryngoscopy experience. Participants received instruction on the new
device, and adequate opportunity to practice. Intubations were then performed in a randomised order on
a mannikin simulating a difficult airway. Video recordings of each intubation were analysed by two
independent investigators to determine time to intubation. A mean difference in intubation time of less
than 10 s was determined a priori to denote clinical equivalence.
Results: Mean difference in intubation time between the devices was 4.9 s, (two one-sided test 95%CI:
2.3—7.5 s). The innovative low-cost VL was thus clinically equivalent to the industry standard in a
simulated difficult airway. Further testing in vivo in a clinical environment is needed.
Conclusion: The results of this study show that a low-cost disposable hyperangulated video laryngoscope
is clinically equivalent to the industry standard in a simulated difficult airway. In the context of the
current global pandemic, video laryngoscopy has been advised in nearly all airway guidelines. Access to a
low-cost VL which does not require reprocessing may be of great value.

© 2021 Elsevier Ltd. All rights reserved.
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1. Introduction

Traditionally, the most commonly used tool for manipulation of
the airway and tracheal intubation under direct vision is a Macin-
tosh blade laryngoscope [1]. The ability to safely perform this
procedure requires practice and experience, and can prove chal-
lenging where there are anatomical or situational factors associated
with a difficult airway [2—5].

In human trials, VLs have been shown to improve the view of the
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first author. Findings of this study have been presented in oral and poster format at
the World Airway Management Meeting in Amsterdam, November 2019, and at the
South African Society of Anaesthesiologists’ annual congress in Pretoria, March
2020. The abstract for WAMM was published in Trends in Anaesthesia and Critical
Care 2020(30):e127.
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larynx and glottis compared to direct laryngoscopy (DL).® 7 VLs
have improved intubation first-pass success rates, decreased rates
of oesophageal intubation, and increased overall intubation success
for both expert and inexperienced providers, within as well as
outside the operating theatre context [6—9]. Whilst DL intubation
has been shown in some studies to be faster than VL, especially in
experienced hands, VL may also be an important rescue technique
for failed DL intubation. This is reflected in a study which showed
the efficacy of the Storz CMAC video laryngoscope as a rescue de-
vice in the unanticipated difficult airway, where 86% first-pass
success (FPS) was achieved after failed direct laryngoscopy [10].
The Difficult Airway Society (DAS) now recommends that video
laryngoscopy should be immediately available whenever intuba-
tion is performed [11]. A United Kingdom national survey high-
lighted the fact that VLs are available in 93% of operating theatres,
but only 54% of ICUs and 35% of emergency departments [11].
However, ICUs and emergency departments are clinical areas

Please cite this article as: C.T. de Villiers, C. Alphonsus, D. Eave et al., Innovation in low-cost video-laryngoscopy: Intubator V1-Indirect compared
with Storz C-MAC in a simulated difficult airway, Trends in Anaesthesia and Critical Care, https://doi.org/10.1016/j.tacc.2021.07.002
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where unanticipated difficult airways arise commonly. These data
highlight the lack of availability of VL devices in these critical
medical areas, which may be due to the relatively high cost of VL
devices [11].

An effective low-cost VL device may help to increase availability
of these devices in all areas where difficult airway management
occurs, especially in lower income, resource-constrained countries
where rescue airway devices are not readily available. Furthermore,
reduction in cost may facilitate greater usage of VL, which could in
turn improve patient safety and outcomes. In the context of the
current global pandemic, video laryngoscopy has been advised in
many airway guidelines.[12 13] Access to a low-cost VL which does
not require reprocessing may be of great value.

The Intubator V1-Indirect is a is a low-cost, disposable, hyper-
angulated VL developed in South Africa, which is not yet available
on the market. The device consists of a single-piece, injection-
moulded, polycarbonate blade-handle combination which houses a
CMOS camera and reusable battery-powered electronics module
(see Fig. 1). Insertion of the electronics module makes a video
stream available via a 2.4 Ghz wireless access point. The user views
the video stream using a purpose-built mobile phone application
which presents the stream on the device display. The user is thus
able to perform VL using a combination of the Intubator V1-Indirect
and their smartphone. The device takes advantage of the process-
ing and display capability of modern smartphones, including
recording capability. The blade-handle-camera combination is
disposable, eliminating the need for sterilization and risks of spread
of pathogens. The device is lightweight, robust, portable and
compact. The quality of the video image produced with the endo-
scopic camera and mobile application is 720 P, which exceeds the
resolution of the comparator (CMAC).

The aim of this study was to determine clinical equivalence of a
low-cost video laryngoscope with a current standard device, using
a simulated difficult airway model. Due to the hyperangulated

Fig. 1. V1 Intubator Indirect - Novel low-cost hyperangulated disposable
videolaryngoscope.
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shaped blade of the novel device, the Storz CMAC Pocket Monitor
with Dorges blade (Karl Storz GmBH, Tuttlingen, Germany) was
selected as an appropriate comparator. The Dorges blade is hyper-
angulated and designed for a difficult airway and anterior larynx
(see Fig. 2).

The null hypothesis is that a low cost video laryngoscope is not
equivalent to the industry standard in simulated difficult airway.
The primary outcome was mean difference in intubation times,
with a secondary outcome of assessing laryngoscopic view ob-
tained with each blade.

2. Methods

After approval by the University of Cape Town Human Research
Ethics Committee (HREC REF 770/2018), a randomised, controlled,
cross-over equivalence study was designed to compare the novel
device to an established industry standard. Participant inclusion
criteria were skilled intubators (>200 direct laryngoscopy in-
tubations), with previous video laryngoscope experience.[14 15]
One hundred participants were recruited from Groote Schuur and
Red Cross War Memorial Children's Hospitals with written
informed consent between April and August 2019.

Participants received one-on-one demonstration of intubation
with both the CMAC and low-cost device on an airway training
mannikin (Laerdal, Stavanger, Norway) in a controlled environ-
ment. The manikin was immobilized with a cervical collar to
simulate a difficult airway, as described in a previous study [16].
Participants then had an opportunity to practice intubating the
mannikin with a standard 7.0 mm internal diameter endotracheal
tube loaded with a preformed malleable stylet with both devices.
Participants could practice with the devices and were required to
demonstrate at least three successful intubations with each device
before they proceeded to perform their video-recorded intubations.
The novel device had video streamed to a mobile phone (Samsung
Galaxy S7 Android device), which participants could place at a
convenient vantage point of their choice.

After practice attempts with each device, participants were
randomised by blinded selection of a number from an envelope

Fig. 2. Storz CMAC with Dorges blade (Karl Storz GmBH, Tuttlingen, Germany).
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which determined the order of timed intubation attempts, with
half randomised to use either the C-MAC or novel device first.
Participants were asked to intubate the mannikin as swiftly as
safely possible with each device and were not helped or guided
during their intubation attempts. Intubation was then immediately
performed with the alternate device.

Video recordings were uploaded to a notebook computer and
imported to an editing suite (Sony Vegas 13C, Sony Creative Soft-
ware Inc, Madison, U.S.A). Recordings were viewed frame-by-frame
by two different observers. Time-point markers were placed at the
start of intubation (deemed as the moment the device entered the
oral cavity) and at the end of intubation (the moment the vocal cord
marker on the ETT moved passed the true cords). Laryngoscopic
views were graded using a portion of the Fremantle score, as full,
partial or no view of the glottic opening [17].

2.1. Statistical methods

A sample size of 97 participants was calculated using PASS
software (PASS 15 Power Analysis and Sample Size Software 2017,
NCSS, LLC. Kaysville, Utah, USA) for 90% power with an alpha error
of 2.5%. Based on previous equivalence studies, a priori clinical
equivalence limits were set at 10 s mean difference in intubation
time.[18 19] Intubation times were recorded on a Microsoft Excel
spreadsheet (Microsoft Corporation, Redmond, Washington, USA),
from where they were exported to MedCalc for statistical analysis
(MedCalc® Statistical Software, Ostend, Belgium; https://www.
medcalc.org; 2020). Interrater agreement was assessed using ab-
solute agreement of intraclass correlation coefficient. The average
of the times analysed by the two observers was used in the final
analysis. The mean difference in intubation time was compared
using a two one-sided test (TOST).

3. Results

All participants were anaesthesia trainees and consultants with
video laryngoscopic intubation experience. All successfully intu-
bated the trachea during their timed attempt, with no oesophageal
intubations with either device. The mean difference for time to
intubation was 4.9 s (95% CI 2.3—7.5) as seen in Fig. 3. This was
within the 10 s a priori limits for clinical significance. The fastest
time and slowest times with the C-MAC D blade were 5.1 and 34.2 s
respectively, with an average time of 13.3 s. By comparison, the
fastest and slowest time with the novel device were 5.2 and 99.1 s
with an average time of 18.2 s (Table 1). Absolute interrater
agreement in intubation between the two observers was high, with
an intraclass correlation coefficient of 0.995 (95% CI 0.993—0.996).

Views when using the CMAC were graded as full and partial in
42 and 58 cases respectively, and as full and partial in 41 and 59
cases when using the Intubator. There were no cases of no glottic
view. (See Table 2).

4. Discussion

This study demonstrates equivalence of the low-cost video
laryngoscope with an industry standard device in immobilized
mannikins. Participants were able to learn how to use the new
device within a brief period of time, and successfully intubate a
simulated difficult airway. This study was in accordance with the
ADEPT guidelines, which suggest that manikin evidence should
exist before a new device is to be tested for equivalence in humans
[20].

It is noteworthy that while the devices were clinically equivalent
within our defined limits, the CMAC was nearly 5 s faster on
average, with this result reaching statistical significance
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(p =0.0003). Most of the participants in this study use the CMAC on
a regular basis, as it is the video laryngoscope available in our
institution. This may have led to some inherent performance bias in
favour of the CMAC. However, despite a learning curve with new
device, approximately one third (36/100) of participants were
faster with the novel device than the CMAC.

Several other observations were made during the study in terms
of the performance of the two devices. There was variability with
the ease with which some participants learned how to use the
novel device. Although all participants were allowed as much
practice as desired and had to demonstrate at least three successful
intubations prior to their recorded efforts, some participants may
have rushed their training and practice attempts in order to return
to their clinical duties. This may account for outliers who were
significantly slower than average and may have needed more time
to familiarize themselves with the new device.

The study naturally has several limitations. Participants were
instructed to intubate the mannikin “as fast as possible and to the
best of your ability” and the study relied heavily on the best effort
during their timed intubation to give a true representation of the
ability to use both devices. This may also have influenced the
quality of the laryngoscopic views obtained, as participants were
concentrating on swift intubation rather than obtaining the best
possible view. The observers who analysed the recordings could not
be blinded as to which device was in use. However, the excellent
interrater agreement between observers suggests this had minimal
effect. A few participants demonstrated performance anxiety
because they were being timed. We feel, however, that performing
an emergency intubation also carries performance pressure, and
thus this could still be an accurate reflection of their ability under
stressful situations.

In accordance with previous studies in the literature, partici-
pants were experienced users. It is not known how the device
might perform in the hands of inexperienced users. A subsequent
study could assess how novice users might perform with two de-
vices. The primary outcomes of this study was mean time to intu-
bation, with laryngoscopic grading as a secondary outcome.
Additional outcomes not assessed here which are often assessed in
similar studies include ease of use, or airway/dental trauma.[17 21]
Although these metrics could provide additional information
regarding the performance of the novel device, we selected
equivalence in intubation time as the specific outcome relevant to
securing an airway as swiftly as possible.

The Intubator-V1 was prototyped using 3D-printing, but blade
used during the study was manufactured in the same fashion as the
final production version, using injection molding of polycarbonate,
which is cheap but extremely durable. The same blade was used by
all participants for multiple practice attempts and intubations
throughout the study, and did not accrue any damage or experience
technical issues during at least 400 uses. It therefore far exceeds
robustness required of a single use device. It is noted that the
environmental footprint of a disposable device could add to envi-
ronmental cost. However, polycarbonate is fully recyclable, and lack
of requirement for processing and sterilization decreases water and
hazardous chemical use, reducing the environmental effects.

Difficult airway management is a skill required by expert
anaesthesiologists and junior clinicians alike. Video laryngoscopy
has proven to be a powerful modality in the field, and certainly has
a place as a rescue device in unanticipated failed intubation with
direct laryngoscopy [10]. Furthermore, during the COVID-19
pandemic, various anaesthesia and airway societies have advo-
cated for video laryngoscopy to help reduce healthcare worker
exposure during intubation.[12 22]

Studies have highlighted that VL is more readily available in
operating theatre environments than in emergency departments
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Fig. 3. Equivalence plot showing mean difference in intubation time. Red dotted lines show a priori clinical equivalence limit of 10 s. (For interpretation of the references to colour in

this figure legend, the reader is referred to the Web version of this article.)

Table 1
Intubation time between CMAC and Intubator V1 indirect video laryngsocope.
CMAC Intubator V1 Difference
N 100 100 -
Minimum — maximum intubation time (seconds) 51-34,2 5,2-99,1 -
intubation time (seconds) mean (SD) 13,3 (5,7) 18,2 (13,1) 4,9%
95% CI of intubation time 12,2 to 144 15,6 to 20, 8 23t075

N: number, CI: confidence interval, SD: standard deviation.
¢ Mean difference in intubation time p = 0,0003.

Table 2
Fremantle [17] videolaryngoscopic score for view obtained with CMAC and
Intubator.

Freemantle view grading CMAC-D, n (%) Intubator V-1, n (%)

Full 42 (42%) 41 (41%)
Partial 58 (58%) 59 (59%)
None 0 (0%) 0 (0%)
Total 100 (100%) 100 (100%)

Number of participants whom obtained a “Full”, “Partial” or “None” view as per
Fremantle videolaryngoscopic grading.

and intensive care units, where difficult and unanticipated emer-
gency intubation often takes place [11]. Difficult airway society
guidelines now dictate that VL be available in all clinical areas
where intubation takes place [2]. The major barrier to availability of
these devices is financial constraints, especially in resource-
constrained low- and middle-income countries, where studies
show that perioperative outcomes are worse than the developed
world [23]. The goal of the inventors of this low-cost device is to
make video-laryngoscopy available to all medical practitioners,
with a disposable, hyperangulated blade specifically designed for
the difficult airway, or as a rescue device in the unanticipated
difficult airway.

There is widespread acceptance that video laryngoscopy im-
proves management of difficult airways, but the availability thereof
is limited, particularly in resource-constrained environments. This
discrepancy has been further highlighted during the COVID-19
pandemic, where most guidelines recommend the use of VL. A
low-cost video laryngoscope could help bridge resource gap, and
allow less well-funded areas and institutions to use this life saving
equipment, and ultimately improve patient outcomes. This study
has shown that such a device is clinically equivalent to the industry
standard in a simulated difficult airway. This opens the way to
further testing of this device in vivo to determine clinical utility and
safety, and ultimately make the device available to Africa and the
world.
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Appendix 1: TACC Acceptance for Publication

M Gma || Christiaan de Villiers <christiaandevilliers@gmail.com>

Decision on submission to Trends in Anaesthesia and Critical Care
1 message

Trends in Anaesthesia and Critical Care <em@editorialmanager.com= Thu, Jul 1, 2021 at 6:06 PM
Reply-To: Trends in Anaesthesia and Critical Care <tacc@elsevier.com>
To: Christiaan de Villiers <christiaandevilliers@gmail.com=>

CC: zoltanszucsmd@gmail.com
Manuscript Number: TACC-D-21-00083R 1

Innovation in low-cost video laryngoscopy: Intubator V1-Indirect compared with Storz C-MAC in a simulated
difficult airway

Dear Dr de Villiers,
Thank you for submitting your manuscript to Trends in Anaesthesia and Critical Care.

| am pleased to inform you that your manuscript has been accepted for publication,

Your accepted manuscript will now be transferred to our production department. We will create a proof
which you will be asked to check, and you will also be asked to complete a number of online forms required
for publication. If we need additional information from you during the production process, we will contact you
directly.

We appreciate and value your contribution to Trends in Anaesthesia and Critical Care. We regularly invite
authors of recently published manuscript to participate in the peer review process. If you were not already
part of the journal's reviewer pool, you have now been added to it. We look forward to your continued
participation in our journal, and we hope you will censider us again for future submissions.

Kind regards,
Robert Greif, MD, MME
Editor-in-Chief

Trends in Anaesthesia and Critical Care

Editor comments:

Dear author,

The changes requested by the reviewers have been expanded and edited in a correct manner,

Excellent, interesting and useful work, Minor discrepancies remained in the numbers between the table and
the results section. After editorial correction, | think the manuscript is already suitable for publication.
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Appendix 2: TACC Reviewer Comments

M Gma || Christiaan de Villiers <christiaandevilliers@gmail.com

Decision on submission to Trends in Anaesthesia and Critical Care
6 messages

Trends in Anaesthesia and Critical Care <em@editorialmanager.com> Fri, Jun 11, 2021 at 1:08 P!
Reply-To: Trends in Anaesthesia and Critical Care <tacc@elsevier.com>
To: Christiaan de Villiers <christiaandevilliers@gmail.com>

Manuscript Mumber: TACC-D-21-00083

Innovation in low-cost video |aryngoscopy: Intubator V1-Indirect compared with Storz C-MAC in a simulated
difficult airway

Dear Dr de Villiers,

Thank you for submitting your manuscript to Trends in Anaesthesia and Critical Care.

| have completed my evaluation of your manuscript, The reviewers recommend reconsideration of your
manuscript following minor revision and modification. | invite you to resubmit your manuscript after
addressing the comments below. Please resubmit your revised manuscript by Jul 11, 2021,

When revising your manuscript, please consider all issues mentioned in the reviewers' comments carefully:
please outline every change made in response to their comments and provide suitable rebuttals for any

comments not addressed, Please note that your revised submission may need to be re-reviewed,

To submit your revised manuscript, please log in as an author at hitps:/fwww.editorialmanager.comitacc/,
and navigate to the "Submissions Needing Revision" folder under the Author Main Menu,

Trends in Anaesthesia and Critical Care values your contribution and | look forward to receiving your
revised manuscript.

Kind regards,

Robert Greif, MD, MME

Editor-in-Chief

Trends in Anaesthesia and Critical Care

Editor and Reviewer comments:

Reviewer #1: Innovation in low-cost video laryngoscopy: Intubator V1-Indirect compared with Storz C-MAC
in a simulated difficult airway

Overall a well conducted manikin study of comparing intubator 1 with C-MAC.,

1. Introduction can be further improved. Second paragraph in the introduction is not necessary and can
be removed.

2. The background on benefits of video laryngoscopy can be more concise. One paragraph with key
references for VLs improve the success rate, shorter intubation time. . .etc should be fine,

3. | suggest that the paragraph describing the Intubator \/1-direct from methods section to be moved to
the introduction
4. |suggest to revise the introduction as below

First paragraph: the existing paragraph is fine, second paragraph: Concise benefits of VL, third paragraph:
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Intubator V1, fourth Paragraph: The reason for choosing CMAC and aim of the study

Results:

1.  Please provide the grade and clinical experience of the participants. Did all participants intubated the
trachea in first attempt?

2. The second paragraph, the first sentence should be moved to Methods section, How you scored the
|aryngoscopy view should be under methods, provide reference to Fremantle score,

3. Table1. The 4th column secend row, under difference 100 ( should it be 0 or leave the cell blank).
Also provide p value where applicable

4,  Table 2. The title is incomplete Please provide more details to the title, not sure what those numbers in
the 1able are. Also provide p value.

Discussion: Fifth paragraph, end of 4th |ine a typo, delete repeated word not

Reviewer #2: The current version of the manuscript is not suitable for publication and | urge the authors to
basically change the entire manuscript, as there are major flaws:

Introduction:

The introduction needs to be re-written, Only some selective publications have been cited, although there
are much more recent and larger trials in the field. Several strong statements, like "for both expert and
inexperienced providers" are not supported by adequate references. Authors have at least mention, that
there are also some controversial publications, especially dealing with experienced providers and do not
indicate any supericrity of videolaryngoscopy over direct laryngoscopy. Another example in the fifth
paragraph "has been advised in nearly all airway guidelines”. Please provide adequate references to
support this statement,

References are used randomly, For example first sentence of the introduction, Although most readers might
agree, the reference should not focus on pediatric intubations,

The introduction should inform readers about current knowledge, but should generally not focus on a few
studies only. Instead of reporting too much details about a few studies, authors should provide a summary
and indicate, why this study is needed to gain more knowledge/evidence.

Although the aim of this project is listed at the end of the introduction, neither the hypothesis nor the
definitions of the outcomes are provided throughout the manuscript, This is quite unacceptable at this stage
of the submission process,

Methods:

This section should be separated in at least 4 parts: Study setting/ study population, Study protocal,
measurement, statistical methods. Please revise the current form.

Further comments:

Time when the study was performed is missing.

Study project was not a priori registered in clinicaltrials.gov.

| don't practice in Europe and | therefore have no idea about the Doerges blade. Please provide more
information's about this blade.

Informations about the blade should he reported in the introduction, NOT in the methods.

Please provide further informations about the randomization, When? By whom?

Outcomes including exact definitions are still unclear. | assume that time to intubation was chosen as the
primary outcome, which is regretful. Although time to intubation is commonly used in airway trials, the
clinical relevance and importance is questionable. Most of clinicians would agree, that a difference of even
10 seconds might be highly statistical significant, but clinically absolutely unimportant, Safety, airway
injuries, number of intubation attempts, intubation failure, and unrecognized esophageal intubations are
much more important clinical outcomes.

Statistical analysis is basically missing at all.

Results:

It is still unclear to this reviewer, which outcomes have been defined a priori.

Authors should not provide any discussion like "it is thus..." in this section [ please move this to the
discussion section.

Laryngoscopic view is definitely not fair. Anesthesia providers were asked to intubate as soon as possible,
but were not asked to provide the best visualization possible. Therefore, providers might not have been
focusing on obtaining better visualization, although it would have been possible by maybe even minor
improvements,
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Discussion:

This needs to be rewritten. Please focus on the current study and discuss the new findings in the context of
currently known evidence. Authors do not have to defend this study, or why it is so important to do this study
(/| this should be clear after the introduction).

Figure 1. | would suggest to add another picture of the device from the side to indicate the exact curvature
of the blade. Maybe also add the comparison blade, so that reader have an idea, if these blades are
comparable,

Figure 2. Although technically correct, this figure does not add anything. | would suggest to delete.

Table 1, was performed in a sloppy style, There are several empty rows at the bottom,

Table 2. Why did the authors choose to report the fremantle score? POGO or even modified C+L would be
alternatives

| am just wondering, but is this device protected by any patent?
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TACC-D-21-00083 — Authors’ response to reviewers

Thank you for your review, and the comments below. We have responded in red/bold to 2ach
comment, and highlighted the changes in the accompanying revised manuscript.

Reviewer #1: Innovation in low-cost video laryngoscopy: Intubator V1-Indirect compared with Storz
C-MAC in a simulated difficult airway

Overall a well conducted manikin study of comparing intubator 1 with C-MAC.
»> Thank you.

1.  Introduction can be further improved. Second paragraph in the introduction is not
necessary and can be removed.

>> Introduction amended as per suggestion.
>> 2™ paragraph removed.

2. The background on benefits of video laryngoscopy can be more concise. One paragraph
with key references for VLs improve the success rate, shorter intubation time...etc should
be fine.

>>Background section revised.

3.  lsuggest that the paragraph describing the Intubator V1-direct from methods section to
be moved to the introduction

>>Moved to introduction section as suggested

4. | suggest to revise the introduction as below

First paragraph: the existing paragraph is fine,

second paragraph: Concise benefits of VL,

third paragraph: Intubator V1,

fourth Paragraph: The reason for choosing CMAC and aim of the study

»> 1% paragraph unchanged as suggested
== 2™ paragraph as suggested

== 3™ paragraph... Intubator V1 moved from Methods to introduction as suggested
== 4™ paragraph..Aim of study

Results:
1.  Please provide the grade and clinical experience of the participants.

>> Participants clinical experience updated
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Did all participants intubatad the trachea in first attempt?
== Yes, this has been added.
2. The second paragraph, the first sentence should be moved to Methods section. How you
scored the laryngoscopy view should be under methods, provide reference to Fremantle score.
=> Thank you; this has been amended and added.
3. Tablel. The 4th column second row, under difference 100 | should it be O or leave the cell
blank). Also provide p value where applicable
»> Thank you — the table has been altered to indicate where the “difference” is not

applicable, and a p-value for the mean difference in intubation time has been added to the
comments.

4. Table 2. The title is incompleta
Please provide more details to the title,
=> Amended

not sure what those numbers in the table are.
=> Amended labels to improve clarity

Also provide p value.
>> We have not performed any statistical analysis on this data, as the study was not
powered for this outcome, and it is obvious to the reader that the numbers are nearly
identical.

Discussion: Fifth paragraph, end of 4th line a typo, delete repeated word not

=> Amended

Reviewer #2: The current version of the manuscript is not suitable for publication and | urge the
authors to basically change the entire manuscript, as there are major flaws:

Introduction:

The introduction needs to be re-written.

Only some selective publications have been cited, although there are much more recent and larger
trials in the field.
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>> We appreciate the reviewer's candour. We have taken pains to re-write the
introduction and move sections in line with the other reviewer's comments, as well as
reviewing and changing the referencing to be more specific.

Several strong statements, like “for both expert and inexperienced providers” are not supported by
adequate references.
>> We have provided 4 references in support of this statement.

Authors have at least mention, that there are also some controversial publications, especially dealing
with experienced providers and do not indicate any superiority of videolaryngoscopy over direct

laryngoscopy.
=> We have added a comment at the start of the third paragraph to indicate this.
Another example in the fifth paragraph "has been advised in nearly all airway guidelines". Please
provide adequate references to support this statement.
=> X2 Reference added
References are used randomly. For example first sentence of the introduction.
Although most readers might agree, the reference should not focus on pediatric intubations.
>> Reference changed
The introduction should inform readers about current knowledge, but should generally not focus on
a few studies only. Instead of reporting toc much details about a few studies, authors should provide
a summary and indicate, why this study is needed to gain more knowledge/evidence.
>> Introduction more concise and summarised
Although the aim of this project is listed at the end of the introduction,
neither the hypothesis
=> null hypothesis added

nor the definitions of the outcomes are provided throughout the manuscript.
This is quite unacceptable at this stage of the submission process.

>> The primary outcome is stated at the end of the introduction. We have added the

secondary outcome to this paragraph. The specifics of measuring these outcomes are
listed in the Methods section.
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Methods:
This section should be separated in at least 4 parts:

Study setting/ study population,
Study protocol,

measurement,

statistical methods.

Please revise the current form.

=> Thank you — this is not specified in the instructions to authors, but we have revised as
per the reviewer’'s suggestion

Further comments:
Time when the study was performed is missing.

=> Thank you, this has been added

Study project was not a priori registered in clinicaltrials.gov.

>> This study was not a clinical trial; the intervention was performed solely on manikins.

| don't practice in Europe and | therefore have no idea about the Doerges blade. Please provide
more information's about this blade.

== It is unfortunate that the reviewer is unfamiliar with the CMAC system and Drges
blade, as these are used widely around the world. It is worth noting that the authors, too,
do not practice in Europe. We have included further information for the reader.

Informations about the blade should be reported in the introduction, NOT in the methods.

>> This has been changed

Please provide further informations about the randomization. When? By whom?
>> This has been added

Outcomes including exact definitions are still unclear. | assume that time to intubation was chosan
as the primary outcome, which is regratful. Although time to intubation is commonly usad in airway
trials, the clinical relevance and importance is questionable. Maost of clinicians would agree, that a
difference of even 10 seconds might be highly statistical significant, but clinically absolutely
unimportant. Safety, airway injuries, number of intubation attempts, intubation failure, and
unrecognized esophageal intubations are much more important clinical outcomes.

>> We note the reviewer's comments. In terms of outcome definitions, we refer the
reviewer to the methods section where we describe the frame-by-frame review of the
video recordings to obtain precise intubation times. As the reviewer indicates, time to
intubation is widely used in intubation studies, as it is a continuous variable and useful for
statistical analysis. As all participants successfully intubated the trachea on the first
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attempt, neither intubation success rate nor number of attempts is a useful or comparable
outcome. There were no oesophageal intubations with either blades. Assessing “safety”
and airway injuries is beyond the scope of this study, and not readily achievable in a
manikin model.

Statistical analysis is basically missing at all.

>> We are unsure what details the reviewer is missing. The sample size calculation and
methods are described in the methods section, as are the statistical methods for assessing
interrater agreement and mean difference in intubation time {two one-sided test).

Results:

It is still unclear to this reviewer, which outcomes have been defined a priori.

Authors should not provide any discussion like "it is thus..." in this section & please move this to the
discussion section.

=> As stated in the statistical methods and results, the 10 second limit was defined o
priori. We have taken note of the discussive nature of the statement referred to, moved it
to the discussion and amended the text.

Laryngoscopic view is definitely not fair. Anesthesia providers were asked to intubate as soon as
possible, but wera not asked to provide the best visualization possible. Therefore, providers might
not have been focusing on obtaining better visualization, atthough it would have been possible by
maybe even minor improvements.

>> This is a valid comment. Laryngoscopic view was included as an data point to but is not
the primary outcome. We have thus included the result for the interest of the reader. We
does not necessarily translate to outcome as you correctly point out; we have added a
sentence in the discussion reflecting on thi

Discussion:

This needs to be rewritten. Please focus on the current study and discuss the new findings in the
context of currently known evidence. Authors do not have to defend this study, or why itis so
important to do this study (¢ this should be clear after the introduction).

=>Much of the information provided in the discussion regarding the limitations has been
inserted at the request of a prior reviewer, and serves to provide context.

Figure 1. | would suggest to add another picture of the device from the side to indicate the exact
curvature of the blade.

>>Side on photo added

Maybe also add the comparison blade, so that reader have an idea, if these blades are comparable.
>> photo added
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Figure 2. Although technically correct, this figure does not add anything. | would suggest to delete.

>>Figure 2 (now 3) is a graphical representation of the primary outcome, and is useful for
showing both the fact that the devices were equivalent within our a priori limits, but also
that the CMAC was faster. We feel that it therefore has value.

Table 1. was performed in a sloppy style. There are several empty rows at the bottom.
== amended

Table 2. Why did the authors choose to report the fremantle score? POGO or even modified C+L
would be alternatives

>> Numerous studies in the field have examined the use of different scoring systems for VL
view grading. There is consensus that the {modified) Cormack-Lehane grading was neither
designed for, nor is fit for this purpose. It is illustrative that all views obtained in this
study would be C-L Grade 1. The POGO score is used in some research, but the Freemantle
grading has been shown to have a better combination of accuracy and interrater reliability
than the POGO (and C-L grade) — we refer the reviewer to the work of O'Loughlin et al in
Anaesthesia (https://associationofanaesthetists-
publications.onlinelibrary.wiley.com/doi/full/10.1111 /anae.13837)

I am just wondering, but is this device protected by any patent?

>> Yes, the device is patented.
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Appendix 3: Abstract Publication TACC

Article

Innovation in low-cost videolaryngoscopy: Intubator V1-Indirect compared with Storz C-MAC in a simulated difficult airway

February 2020 - Trends in Anaesthesia and Critical Care 30.e127
DOI:10,1016/),tacc,2019,12,312
Project: Context=sensitive airway management in r rcesconstrain ings

Authors:

- Ross Hofmeyr ! : " Christiaan de Villiers
@ University of Cape Town L[] Ghristella Alphonsus & University of Cape Town
‘ Request full-text ‘ ‘ &, Download citation ‘ ‘ & Copy link ‘ ‘ v ‘

@ To read the full-text of this research, you can request a copy directly from the authors.
Citations (1)

Abstract

Videolaryngoscopy (VL) has revolutionised airway management with numerous studies
demonstrating its utility to improve airway management and as an emergency device in

Dylan Eave
University of Cape Town

Discover the world's

unanticipated difficult intubation. Availability of VL in all clinical areas has been curtailed research

by its relative high cost, especially in resource-constrained practice environments such « 20+ million

as most of Africa, where research has shown, perioperative outcomes are significantly members

worse. Advancements in mobile technology, cameras and 3D printing, enabled the

design of an innovative low=cost VL, with the vision of making it available to all * 135+ million
practitioners, A novel hyper-angulated blade was designed and prototyped using 3D publications

printing. Equipped with a disposable, low-cost, endoscopic camera, it transmits video « 700k+r )

via a reusable wireless module to a free application on the practitioner’s mobile device. projects Join for free

The device presents a significant cost reduction to produce, and affordability will enable
all practitioners to own a device. In accordance with ADEPT guidelines, a randomised,
controlled, crossover equivalence study compared the novel device to an established
industry standard (Storz CMAC with D€orges blade). A sample size of 97 participants
was calculated using PASS software, to power the study to 90% with an alpha error of
2.5% using a clinically determined equivalence limit of 10 seconds mean difference in
intubation time. After approval by the UCT Human Research Ethics Committee, 100
skilled intubators, with previous VL experience, received instruction and adequate
practice on the new device, They then intubated a Laerdal airway mannikin immobilised
to simulate a difficult airway in a randomised order. Video recordings of each device
were analysed frame-by-frame to determine time to intubation, measured as the time
when the device entered the oral cavity to the time when the ETT black marker moved
past the vocal cords. Using the two one-sided test (TOST) method, the mean difference
was 4.91 seconds and the 95% confidence limits for the mean difference was between
2.34 e 7.49 seconds, meeting our a priori limits for equivalence, although the C-MAC
was faster on average. The innovative low-cost VL was thus equivalent to the industry
standard in a simulated difficult airway. Further testing in vivo in a clinical environment is
warranted,
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Appendix 4: Human Research Ethics Committee approval

Faculty of Health Sciences
Hurman Research Ethlcs Committaa

5 . UNIVERSITY OF CAPE TOWN
| i} M

Room E5E3-48 Old Main Bullding
Groote Schuur Hosphtal
Observatory 7925

Talephons [021] 406 5492
sumavah.adefdlen@uct.acza

23 November 2018

HREC REF: 770/2018

A/Prof R Hofmeyr

Department of Anaesthesla & Perloperative Medicine
D-23

NGSH

Dear AfProf Hofmeyr

PROJECT TITLE: LOW COST VIDEOQ LARYNGOSCOPE, THE INTUBATOR V-1-INDIRECT,
COMPARED WITH STORZ-C-MAC WITH D-BLADE IN A SIMULATED DIFFICULT AIRWAY
{Mastars candidate-Dr C de Villlers)

Thank you for submitting your study to the Faculty of Health Sclences Human Research Ethics
Committee (HREC) for review.

It is a pleasure to Inform you that the HREC has formally approved the above-mentioned study.
Approval s granted for one year untll the 30 November 2019.

» The study will require the director of Student affairs approval.
¢ Please add to the I/C document how confidentiality will be protected.

Please submit a progress form, using the standardised Annual Report Form if the study continues
beyond the approval pericd. Please submit a Standard Closure form If the study Is completed within the
approval period.

{Forms can be found on our website:

We acknowiledge that the student: Dr Christiaan de Villiers will also be Involved In this study.
Plaase quote tha HREC REF in all your correspondance.

Flease note that the ongolng ethlcal conduct of the study remains the responsibliity of the principal
Investigator.

Flease note that for all studles approved by the HREC, the principal investigator must obtaln appropriate
institutional approval, where necessary, before the research may occur,

evmsnmnl ]

Yours sincerely
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Appendix 5: Mannikin study Consent form

CONSENT FORM

TITLE OF THE RESEARCH PROJECT:

Low cost video laryngoscope, the Intubator V1-Indirect, compared with Storz C-MAC with D-Blade in a simulated difficult airway.

PRINCIPAL INVESTIGATOR: Prof R Hofmeyr

CO-INVESTIGATORS: Dr CT de Villiers, Dr C Alphonsus, Dr D Eave

CONTACT DETAILS: Dr CT de Villiers (0825564397, christiaandevilliers@gmail.com )
Dr D Eave (0837765030, doceave@gmail.com )

Dear Practitioner

We are excited to invite you to participate in a research project. Your participation in this research is voluntary and you remain free to
withdraw from the research at any point even after you have agreed to take part.

Please take some time to read the information provided below which describes the nature of this research project.You are encouraged to
contact the investigators should you have further questions pertaining to this research project.

Your experience, time and cooperation are greatly valued.

This study has been approved by the Health Research Ethics Committee at University of Cape Town, HREC Ref 770/2018 and will be
conducted according to the ethical guidelines and principles of the international Declaration of Helsinki, South African Guidelines for
Good Clinical Practice and the Medical Research Council (MRC) Ethical Guidelines for Research.

What is being researched?
We are using a high fidelity airway manikin configured with a cervical collar to simulate difficult intubation, to compare the performance of
a low cost, hyperangulated, disposable videolaryngoscope device- Indirect V1 by DisaTech with that of the C-MAC D blade by Storz Medical.

Why have you been invited to participate?
You are a healthcare professional who has experience with direct laryngoscopy in difficult airways. You are also a healthcare professional
who may benefit from the availability of another device in your armamentarium for the management of such airways.

How will this research project be conducted?

This research project requires you to practice using both devices, attempt intubation with each device in a predetermined order. Video
recorded during the use of the video laryngoscope as well as time taken for intubation attempts with both devices will be captured against
your participant number (not your name). Your participation will remain confidential and all data collected will not be traceable back to you.
It is estimated that this will take 15 minutes of your time. You will not be remunerated for your involvement in this study.

What is your responsibility if you choose to participate in this research project?
For the duration of the study you will be responsible only for completing all the steps described above to the best of your ability.

Should you have an ethical concern which has not been adequately addressed by the researchers please contact UCT Health Research
Ethics Committee at 0214066492. HREC REF 770/2018

Please answer the following questions:

Have you ever used a videolaryngoscope before? Yes No
Have you performed more than 200 intubations? Yes No
l, , the undersigned, hereby consent to take part in

the study as described above, and will do so to the best of my ability.

Date: Venue: Signature:
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Appendix 6: Participant data capture form

PARTICIPANT DATA CAPTURE FORM

Date of Testing:

Participant No:

Which device is tested first?

Device tested now?

First or second device:

Successful:

Time of Video Capture/ Testing:

Participant No:

Which device is tested first?

Device tested now?

First or second device:

Successful:

Time of Video Capture/ Testing:
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Appendix 7: Guide to authors TACC
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DESCRIPTION

Trends in Anaesthesia and Critical Care provides reviews and comment on highly topical subjects and
the latest breakthroughs in basic, clinical and translatienal research.

Trends in Anassthesia and Critical Care is an international peer reviewed journzl, which provides
reviaws, opinion articles, lessons from clinical practice, and letters to the editor on highly topical
subjects and the latest breakthroughs in basic, clinical and translational research in anassthesiclogy
and critical care medicine. TACC welcomes also original research articles in airway management.

The journal's objective is to provide a platform for discussion, analysis and debate of topics across
a diverse, multidisciplinary audience of basic scientists and clinicians, who share the common goal
of understanding clinical practice of anaesthesiclogy, critical care, aspacts of related emergency
medicine and resuscitation, as well a2z airway management with a view to new clinical practice.
Communicating emerging concepts and ideas will be facilitated with opinion articles or letters to the
editor and help to progress the exciting and evolving field of anassthesia and critical care.If you are
interestad in suggesting an article for consideration, please consult the guide for authors of TACC.
Authors should note that all articles are subject to peer review.

ABSTRACTING AND INDEXING
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Current Abstracts (EBSCO)

Embase

OCLC Contents Alert

Scopus

Emerging Sources Citation Index (ESCI)
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Maren Kleine-Brueggeney, University Childrens Hospital Zurich, Department of Anaesthesia, Zurich,
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Ross Hofmeyr, University of Cape Town Department of Anzesthesia and Perioperative Medicine, Cape Town,
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Airway management, thoracic anaesthesia, point-of-care testing, prehospital anaesthesia and critical
care retrieval, wilderness medicine, extreme physiclogy

Mian Chih Hwang, Singapore General Hospital's Department of Anzesthesiclogy, Singapore, Singapors
Cardiac anaesthesia, medical education

Bruce MacIver, Stanford University School of Medicine Department of Anesthesiology Perioperative and Pain
Medicine., Stanford, California, United States of America

Anaesthetic mechanisms of action, central nervous system

Shieila Nainan Myatra, Tata Memorial Hospital Department of Anaesthesia, Mumbai, India

Airway Management, Hemodynamic Manitoring, ICU sedation, Prevention of Nosocomizl Infections
and End of Life Care

Sabine Nabecker, University of Toronte Department of Anesthesia, Toronto, Ontario, Canada

Airway management, medical education and simulation, qualitative studies

Maria Isabel Real, 12th of October University Hospital, Department of Critical Care, Pain Therapy and
Anesthesiology, Madrid, Spain

Organ Transplantation, Pulmonary Hypertension, Echocardiography, Thoracic Surgery and Airway
Management

Stefano Romagnoli, University of Florence, Florence University Hospital, Department of Anesthesia and Critical
Care, Firenze, Italy

Sepsis, Hemodynamic Monitoring, Acute Kidney Injury, Renal Replacement Therapy., Sedation, Depth
of Anesthesia and Sedation pEEG-based monitoring, Sleep in critically ill patients

Patrick Schoettker, Lausanne University Hospital Department of Anaesthesiology, Lausanne, Switzerland
Airway, technology, medical device

Amit Shah, Shubhechha Multispeciality Hospital, Vadedara, India

Airway management, Lowflow anaesthesia and machines, Laparoscopic anaessthesia,
Meurcanaesthesia, Onco anesthesia

Marina Soro, University Clinic Hospital, Department of Anesthesia and Critical Care, Valenda, Spain
Perioperative Care, Respiratory system, Mechanical ventilation

Zoltan Pal Sziics, Peterfy Street Municipal Hospital and Trauma Center, Anesthesiclogy and Intensive Care,
Budapest, Hungary

Airway management, trauma care, brain injuries

Thomas Uray, Medical University of Vienna Department of Emergency Medicine, Wien, Austria

Cardiac arrest, therapeutic hypothermia, prehospital emergancy medicine

Felipe Urdaneta, University of Florida Department of Anesthesiology, Gainesville, Florida, United States of
America

Anesthesia, Airway management, Patient safety

David Weidenauwer, Medical University of Vienna, Vienna, Austria

Resuscitation, Medical Education, Cardiclogy
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Paula Chiesa, University of Buenos Aires, Buenos Aires, Argentina
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Airway Management, Medical Education, Pharmacalogy
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de Gaia, Portugal
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GUIDE FOR AUTHORS

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
+ E-mail address
# Full postal address

All necessary files have been uploaded:

Manuscript:

# Include keywords

¢ All figures (include relevant captions)

+ All tables (including titles, description, footnotes)

¢ Ensure all figure and table citations in the text match the files providad
# Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files {where applicable)

Supplemeantal filas (where applicabla)

Further considerations

+ Manuscript has been 'spell checked' and 'grammar checkad'

+ All references mentioned in the Reference List are cited in the text, and vice versa

+ Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

+ A competing interests statemeant is provided, even if the authors have no competing interests to
declare

+ Journal policies detailed in this guide have been reviewed

* Referse suggestions and contact details provided, basad on journal reguirements

For further information, visit our Support Center.
Articla Types

Lessons from Clinical Practice. These are an opportunity to publish an interesting case or case
series which you have encountered. They should not be regarded as the traditional 'case report’
because they are more detailed than that. Authors are asked to submit an interesting case or clinical
lesson for consideration. Each will be considered individually and only those with a real interasting
clinical lesson will be regarded as possibly suitable for publication. If it is accepted then it will be
sent on to an expert who will write an accompanying piece providing a critique or further information
concerning the situation. It should not be used as an opportunity to try to get random case reports
published, to premote original work, or to introduce new data.

Lessons should be interesting and novel. They should aim to tell the reader about an interasting
case or situation from which real lessons can be learnt. Very rare cases would only be suitable
for consideration if they illustrated an important lesson. The format should be to start with a brief
introduction (contextual background) followed by an account of what happened or was cbserved. A
discussion section should then be included. The lesson should be referenced accordingly.

Remember that you are writing for a wide audience - not only for readers in your own field. You
can assume that your audience is competent in the basic language of the subject, but may require
explanation or definition of technical terms, concepts and assumptions specific to your topic.

Length: 500-800 words, 12 references, 1 figure/box/table.

Authors names: No more than 3 authors. Full contact details for all authors (indicate corresponding
author).

Abstract: Briefly explain the necessary background and encapsulate the take-home message for a
non-specialist readership. 100 to 120 words.
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Figures (optional): Should always have a short, explanatory title (as well as legend ). Legends must
fully explain the figure without reference to the text

Tables (optional): Require a single-sentence title but no legend. Abbreviations {if not defined in the
main text) and full explanations should be footnoted {using letters).

Text Boxes [optional): Ideal for providing explanations of basic concepts or theories, giving detailed
mechanisms or discussing case studies. Text Boxes can occasionally contain small figures and tables.
200 words max par Box (references to be listed in main referance list only).

The commentary will be written by an expert in the field and will have the same limits as thosa given
above, i.e. maximum of S00-300 words, one figure or table and 12 references.

Lettars to the Editor are reserved for genuine synthesis only.

Letters should have a journalistic flavour: aim to tell a story and communicate your enthusiasm for
the subject. Start with some very brief contextual background, and be sure to alert the reader to the
main message of your letter before the end of the first paragraph.

You are writing for a wide audience, not only for readers in your own field. You can assume that
vour audience is competent in the basic language of the subject, but may require explamation or
definition of technical terms, concepts and assumptions specific to your topic. Aveid jargon, but do
not oversimplify, be accurate and precise throughout., Use sections and subheadings to lead your
reader through the discussion.

Length: 750-800 words, 12 references, 1 figure/box/table.

Authors names: No more than 2 authors. Include full contact details for all authors (indicate
corresponding author).

Figures [optional): Should always have a short, explanatory title {as well as legend). Legends must
fully explain the figure without reference to the text.

Tables {optional): Require a single-sentence title but no lagend. Abbreviations (if not defined in the
main text) and full explanations should be footnoted {using letters).

Text Boxes [optional): Ideal for providing explanations of basic concepts or theories, giving detailed
mechanisms or discussing case studies. Text Boxes can occasionally contain small figures and tables.
200 words max par Box. References to be listed in main reference list only.

TACC Opinions should present a personal viewpeint on a research-related topic, rather than a reviaw
of this topic. The aim should be to stimulate dabate or new research, cover controversial tepics, or
provide a new framework for, or interpretation of, an old problem or current issus, or speculate on
the implications of recent research and clinical advances in health care infrastructure concerns at
national or international level.

Articles that outline recent advances in a field rather than give a strong opinion on them are not
suitable for this section of the journal. Cur audience ranges from student to professor, and so articles
must be accessible to a wide readership.

TACC Opinions must not include unpublished original data. Although subjective, an opinion article
should not be used to dwell excessively on the author's own research or excessively criticise others',
except where criticism is constructive.

Title: Should be short and enticing (no more than eight words).

Authors: No more than 2 authors. Full contact details for 2ll authors (indicate corresponding author).
Abstract: Briefly explain the necessary background and encapsulate the take-home message for a
non-specialist readership. Please emphasize the opinion you are putting forward. 100 te 120 words.
Do not include reference citations.

Opinion structure: Plaase start with an accessible introduction outlining the timeliness, importance
and rationale behind your article {why the subject is important, why now). Restate your opinion
clearly. Use concise logical subheadings and provide clear links betwean sections. Finish with clearly
stated conclusions, including an indication of future directions.

Length: 2500-3500 words: This limit does not include text in boxes, abstract, references, tables or
figure legends. Figures: Should always have a short, explanatory title to praeface the legend. Legends
must fully explain the figure without reference to the text.

Tables: Require a single-sentence title but no legend. Abbreviations (if not defined in the main text}
and full explanations should be footnoted {using letters).

Tables: Require a single-sentence title but no legend. Abbreviations (if not defined in the main text}
and full explanations should be footnoted {[using lettars).
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Text Boxes: Ideal for providing explanations of basic concepts or theories, giving detailad
mechanisms or discussing case studies. Text Boxes can occasionally contain small figures and tables.
400 words max per Box (refs, to be listed in main reference list only: see checklist). No more than 3
boxes per article. Outstanding qguestions: Can be summarized in a box (not included in box count).
Glossary Box: Used for specialist language (not included in box count).

References: The reference list should not be exhaustive - simply alert the readers to the key literature
on which your opinion is based. Reviews should be cited if necessary to refer to clder data. Up to
50 references.

TACC Airway Management Original Articles welcome all areas of airway management from
anesthesia, critical care, and emergency medicine in- and outside of hospitals, to teaching and training
issues in airway management, as well as emerging concepts and ideas about equipment for airway
management in human or manikin studies, as long as the authors can demonstrate their clinical or
educational relevance of the issues investigated and described in their articles with the final aim to
improved safe patient care. Our audience rangas from student to professor, and so articles must be
accessible to a wider readership.

Authors should note that all articles are subject to a rigorous peer review process and commonly
accepted ethical rules, liken written informed consent by the patients or study participants as well as
ethic committee approval is mandatory. Reviewars will have to answer for each article the following
questions before they can finally recommend a suggestion to the editor about acceptance of an article
to be published: Was the subject addressed in the submitted article worthy of investigation and
publishing? Is the information presentad new? Are the conclusions drawn by the authors supported by
their data? Is the manuscript appropriate for the EAMS saction? Is the organization of the manuscript
appropriate? Are the figures, tables and supplementary data appropriate? And finally was the conduct
of the study ethically acceptable?.

To help you prepare your article, please take careful note of the following guidelines (especially limits
and "Article structurs’). A more detailad formatting checklist follows these instructions.

Title: Titlas should be short and enticing.

Authors names: No more than 7 authors - Full contact details for all authors (indicate corresponding
author).

Structured Abstract with headings to include: Background, Aim, Methods, Results,
Conclusion: Briefly explain the necessary background and encapsulate the take-home message.
Please emphasize the recent developments that make your ressarch timely. 250 to 500 words.
Article structure: Introduction: please indicate the timeliness and rationale for your article {why
the subject is important; why now). Use concise logical subheadings and provide clear links betwean
sections. Please end with a brief summary of your article, a strong take-home message and include
a clear indication of future research.

Length: 3500 words: this limit does not include text in boxes, tables, figure legends abstract or
references

Figures: Should always have a short, explanatory title to preface the legend. Legends must fully
explain the figure without reference to the text.

Tables: Require a single-sentence title but no legend. Abbreviations (if not defined in the main text)
and full explanations should be footnoted {using letters).

Text Boxes: Ideal for providing explanations of basic concepts or theories, giving detailaed
mechanisms or discussing case studies. Text Boxes can occasionally contain small figures and tables.
400 words max per Box (refs. to be listed in main reference list only: see checklist). No more than
4 boxes per article.

Outstanding questions: Can be summarized in a box (not included in box count).

Glossary Box: Used for specialist language (not included in box count).

References: 30-35 refarences should not be exceaded.

BEFORE YOU BEGIN

Please see gur information pages on Ethics in publishing and Ethical guidelines for journal publication.

If the work involves the use of human subjects, the author should ensurs that the work describad
has been carried out in accordance with The Code of Ethics of the World Medical Association
{Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
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Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
exparimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and assecciated guidelines, EU
Directive 2010/63/EWU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence {(or association) of sex on the results of the study.

Informed consent and patient details

Studies on patients or volunteers require sthics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be aobtained
where an author wishes to include case details or other personal infermation or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Repeorting Guidelines

The Editor requires that manuscripts adhere to recognized reporting guidelines relevant to the
research design used and require authors to submit a checklist verifying that essential elements have
been reported for all primary research and systematic reviews. Reporting guidelines endorsed by the
journal are listed below:

Observational cohort, case control and cross sectional studiss - STROBE - Strengthening the Reporting
of Observational Studies in Epidemiology, http://www.equator-network.org/ reporting-guidelines/
strobe/ Systematic Reviews - PROSPERO - International register of systematic reviews, https://
www.crd.york.ac.uk/prospero/#aboutregpage Qualitative studies - COREQ - Consolidated criteria for
reporting qualitative research, http://www.equator-network.org/reporting-guidelines/coreq Quasi-
experimental/non-randomised evaluations - TREND - Transparent Reporting of Evaluations with
Non-randomized Designs, http://www.cdc.gov/trendstatement/ Case Reports - CARE Guidelines-
https://www.care-statement.org/ Randomised {(and guasi-randomisad) contrelled trial - CONSORT
- Consolidated Standards of Reporting Trials, http://www.equator-network.crg/ reporting-guidelines/
consortf Animal Research - ARRIVE- https://www.nc3rs.org.uk/arrive-guidelines Study of Diagnostic
accuracy/assessment scale - STARD - Standards for the Reporting of Diagnostic Accuracy Studies,
http ./ wewrw.equator-network.org/ reporting -guidelines/stard/ Systematic Review of Controllad Trials
- PRISMA - Preferred Reporting Items for Systematic Reviews and Meta-Analyses, htip://
www.equator-network.org/reporting-guidelines/prisma/ SRQR checklist is for gualitative studies
http:/ www.equator-network.org/ reporting-guidelines/srgr/ AGREE checklist is for clinical guidelines
type of articles http://www.equator-network.org/reporting-guidelines/the-agree-reporting-checklist-
a-tool-to-improve-reporting-of-clinical- practice-guidelines/

You are reguired to adhere to these guidelines {(or a suitable recognized alternative) and to submit a
completed chacklist from the reporting guideline to assist the editors and reviewers of your paper. You
can search for the correct guideline for your study using the tools provided by the EQUATOR network:
http /S wwrw.equator-network.org/ The guideline used must be indicated in the Author Checklist and
the completed Standards of Reporting Chacklist must also be included in your submission.

Declaration of interest
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All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work., Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in
two places:

1. A summary Conflict of interest Statement in a separate Word document. This should include any
detail that may be considered a conflict of interest for all authors, If there are no interests to declare for
any of the authors then please state this: "Declarations of interest: none'. This summary statement
will be ultimately published if the article is accepted so needs to be in an editable Word
format. Please ensure it includes encugh information for researchers as they will not have
access to the forms.

2. Detailed disclosures within separate Conflict of Intarest / ICMIE forms. It is important for
potential interests to be declared in both places and that the information matches. Pleaze
click here for more information. These formis) will not be published and are for the review process
and the journal's official recerds only.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see "Multiple, redundant or concurrent
publication’ for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhera in the same form, in
English or in any other language, including electronically without the writken consent of the copyright-
holder. Te verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Praprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or comcurrent publication” for more information).

Inclusive language acknowledges diversity, conveys respect to all pecple, is sensitive to differances,
and promotes equal opportunities. Content should make neo assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gendear neutrality by using plural nouns ("clinicians, patients/clients"} as default/whearever possible
to avoid using "he, sha,” or "helshe." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, sthnicity, culture, sexual arientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization: Data curation:
Formal analysis; Funding acquisition; Investigation: Methodolegy: Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

Authors are expected to consider carsfully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author mames in the authorship list should be made only before
the manuscript has been accepted and only if approved by the journal Editon

To reguest such a change, the Editor must receive the following from the corresponding author:

(a) the reason for the change in author list and

(b) written confirmation (e-mail, letter) from all authors that they agree with the addition, remaoval
oF rearrangement.
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In the case of addition or removal of authors, this includes confirmation from the author being
added or removed. Only in exceptional circumstances will the Editor consider the addition, deletion
or rearrangement of authors after the manuscript has been accepted.

Whila the Editor considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by the Editor will
result in a corrigendum.

Reperting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detziled description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.

Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this joumnal
in accordance with International Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enrolment. The clinical trial registration number
should be included at the end of the abstract of the article. A clinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related intarventions to evaluate the effacts of health cutcomes. Health-related interventions
include any intervention used to modify a biomedical or health-ralated outcome (for example drugs,
surgical procedures, devices, behavioural treatments, distary interventions, and process-of-care
changes). Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
moara suitable in one of our sther participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement' (see
mora information on this). An e-mail will be sent to the corresponding author confirming receipt of

the manuscript tegether with a "Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for intemal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the auther{s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'‘License Agreement’ {more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
Az an author you (or your employer or institution) have certain rights to reuse your work, More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.
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You are reguested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design: in
the collection, analysis and interpratation of data; in the writing of the repert; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Please visit our Open Access page for mere information.

Elsevier Ressarcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchars throughout their research journey., The “Learn” environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resocurces to guide you through
the process of writing for research and going through peer review. Feel fres to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services,

Cur online submission system guides you stepwise through the process of entering your article
details and uploading your files. Tha system converts your article files to a single PDF file used in
the peer-review process. Editable files {(e.g.. Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

PREPARATION

This journal operates a single anonymized review process. All contributions are typically sent to a
minimum of twe independent expert reviewars to assess the scientific quality of the paper. The Editor
iz responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
iz final. Editors are not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services in which the
editor has an interest. Any such submission is subject to all of the journal's usual proceduraes, with
pear review handled independently of the relevant editor and their research groups. Mare information
on types of peer review.

Submission by an Editor

A paper submitted by an editer or board member (including submission as a co-author) will be handled
by one of the other Senior Editors who will manage the peer review process. The Journal's submission
system does not allow Editors to manage their own papers in the systam.

Subdivision - numberad sactions

Divide your article into clearly defined and numbered sections. Subsections should be numbersd
1.1 ({then 1.1.1, 1.1.2, ...}, 1.2, etc. ({the abstract is not included in section numbering). Use this
numbering also for internal cross-refarencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own saparate line.

Introduction
State the objectives of the work and provide an adegquate background, avoiding a detailed literature
survey or a summary of the results,

s« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

+ Author names and affiliations. Please clearly indicate the given nameis)} and family name(s)
of each author and check that all names are accurately spelled. You can add your name betwesn
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addressas (where the actual work was done) below the names. Indicate all affiliations with a lower-
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case superscript letter immediataly after the author's name and in front of the appropriate address.
Provide the full postal address of =ach affiliation, including the country name and, if available, the
e-mail address of each author

+ Corresponding author. Clearly indicate whao will handle correspondence at all stages of referesing
and publication, also post-publication. This responsibility includes answering any future quearies about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

+ Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a "Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerzals are used for such footnotes.

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 835 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand zlone. For this reason, References should be avoided, but if
essential, then cite the author{s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should ba submiitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 521 ® 1328 pixels (h ® w) or proportionally more. The image should be readable at a size of 5 =
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts en our information site.

Authors can make use of Elsevier's [llustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Immediately after the abstract, provide a maximum of & keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbraviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowladgaments

Caollate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwisa, List here those
individuals who provided help during the ressarch (e.g., providing language help, writing assistance
or proof reading the article, atc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder’'s requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers sxxe, yyyy]:
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number azaa].
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It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant frem funding agencies in the public, commercial, or
not-for-profit sectors.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes thamselves saparately at the end of the
article. Do not include footnotes in the Reference list,

Elactronic artwork

General points

# Make sure you use uniform lettering and sizing of vour original artwork.

* Embed the used fonts if the application provides that option.

& Aim to use the following fonts in your illustrations: Arial, Couriar, Times New Roman, Symbaol, or
use fonts that lock similar.

+ Number the illustrations according to their sequence in the text.

* Usze a logical maming convention for your artwark files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

& Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Micrasoft Office application {Word, PowerPoint, Excel] then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please "Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF {or JPEG): Color or grayscale photographs (halftones), keep to 2 minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped linefhalf-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); thess typically have a
low number of pixels and limited set of colors:

* Supply files that are too low in resolution;

# Submit graphics that are disproportionately large for the content.

Colour Artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resclution. If you werse commissioned to write your article,
and together with your accepted article you submit usable color figures, then Elsevier will ensure
that at no additional charge these figures will appear in color on the Web (=.9., Scienceliract
and other sites) in addition to color reproduction in print. If you were not commissioned than
for color reproduction in print, you will receive information regarding the costs from
Elsavier after receipt of your accepted article. Pleass indicate your praference for color: in print
or on the Web only, For further information on the preparation of electronic artwork, please see
https://vwww.elseviern.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to "gray
scale' (for the printad version should you not opt for celor in print) please submit in addition usable
black and white versions of all the color illustrations.
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Tllustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concernad about the guality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing’ is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title {not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consacutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do neot duplicate results
described elsewhere in the article. Please avoid using wvertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is alse present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style
of the journal {including the article title, authers' names and the journal title where applicable) and
should include a substitution of the publication date with either 'Unpublished results' or "Personal
communication'. Citation of a reference as 'in press' implies that the item has bean accepted for
publication and this can be placed at the end of the reference (e.g. 2018, in press).

Wab refsrancas

As a minimum, the full URL should be given and the date when the reference was last accessad. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also ba given, Web references can be listed separately (2.g., after the reference list) under a
diffarent heading if desired, or can ba included in the referance list.

Diata referances

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Referances in a special issue
Please ensura that the words "this issue’ are added to any references in the list (and any citations in
the text) to other articles in the same Special Issusa.

Reference style

Text: Indicate references by number{s) in square bracksts in line with the text. The actual authors
can be referred to, but the reference number{s) must always be given.

Example: "..... as demonstrated [3,6]. Barmnaby and Jones [8] obtained a different result ...."

List: Number the references {numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Refarence to a journal publication:

[1] 3. van der Geer, 1.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51-59, https://doi.org/10.1016/§.5c.2010.00372,

Reference to 2 journal publication with an article number:

[2] 1. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018, The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2012,.00205.

Reference to a book:

[3] W. Strunk Ir., E.B. White, The Elements of Style, fourth ed., Longman, New Yaork, 2000.
Refarence to a chapter in an edited book:
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[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith {Eds.}, Introduction te the Electronic Age, E-Publishing Inc., Mew York, 2009, pp. 281-304.
Refarencs to a2 websita:

[5] Cancer Resesarch UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 20032 (accessed 13 March 2003).

Reference to a dataset:

[dataset] [6] M. Ogure, S. Imahire, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https:/fdoi.org/10.17632/
*wj98nb39r1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Revised Submissions

Use of word processing software

Regardless of the file format of the eriginal submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsavier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check" and "grammar-check'
functions of your word processon

Elsevier accepts video material and animation segquences to support and enhance vour scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animaticn files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame frem the video or animation or make a separate
image. These will ba used instead of standard icons and will personalize the link to vour video data. For
mora detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, pleasze provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
maora closely with your ressarch. Follow the instructions here to find ocut about available data

visualization options and how to include them with your article.

Supplemeantary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published axactly as they ara received (Excal
or PowerPoint files will appear as such online). Please submit yvour material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previocus version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you te share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.
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Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and refarence list. Plaase refer to
the "References" section for mors information about data citation. For more infermation on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, yvou can link your article directly to
the dataset. Elsevier collaborates with 2 number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
af the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
POE: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocels, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mandealey
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the awvailability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission procass,
for example by stating that the research data is confidential. The statemeant will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within tweo days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environmeant is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer quastions
fream the Copy Editor. Web-based proofing provides a faster and lass error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload vour edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
wersion and PDF.

We will do everything possible to get your article published gquickly and accurately. Please use this
proof only for checking the typesetting, editing, completaness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission frem the Editor It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at ne cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
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accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services, Corresponding authors wha have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you nead. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can alse check the status of your submitted article or find out when your accepted article will
be published.

Appeals

Sometimes editors make mistakes. When we do, we like to hear about them. If an author believes
that an editer has made an error in declining a paper, we welcome an appeal. In your appeal letter;
which should be sent to tacc@elsavier.com please state why you think the decision is mistaken, and
set out your specific responses to any peer reviewers' comments if those seam to have been the main
cause of rejection. At least two editors will decide whether to invite a revised manuscript and whethar
re-review, or otherwise, is indicated.

€ Copyright 2018 Elsevier | https://www.elsevier.com
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