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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 Dörges 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%CI:  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 Dörges 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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Chapter 2: Manuscript - Accepted for Publication 
 

The manuscript has been accepted for publication in Trends in Anaesthesia and Critical Care. 
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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 Dörges 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%CI:  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.1 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.2-5 
 
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.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 device 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 intubation is performed.11 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.11 
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.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, 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 Dörges blade (Karl Storz GmBH, 
Tuttlingen, Germany) was selected as an appropriate comparator. The Dörges blade is 
hyperangulated and designed for a difficult airway and anterior larynx. 
 



12 | P a g e  
 
 

(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.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 environment.  
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 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. 17 
 
 
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.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 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% CI 
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% CI 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.20 
 
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.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 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.10 Furthermore, during 
the COVID-19 pandemic, various anaesthesia and airway societies have advocated 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 and intensive care units, where difficult and unanticipated emergency 
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 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 Dörges 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. 
 
 

 
CI = Confidence interval 
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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% CI of intubation time 12,18 to 14,44 15,62 to 20, 84 2,34 to 7,49 
Standard deviation of intubation time 5,70 13,14 12,97 
Interquartile range of intubation time 9,25 to 16,61 10,65 to 20,37 -1,85 to 7,73 

 
 
N: number, CI: confidence interval, SD: standard deviation, RSD: relative standard deviation, Normal 
Distr: Normal distribution). *Mean difference in intubation time p = 0,0003.  
 
 
 
 
 
 
 
Table 2.  Fremantle17 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 D€orges
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:
2.3e7.5 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.
1. Introduction larynx and glottis compared to direct laryngoscopy (DL).6 7 VLs
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-
lengingwhere there are anatomical or situational factors associated
with a difficult airway [2e5].

In human trials, VLs have been shown to improve the viewof the
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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 [6e9]. 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
tion in low-cost video-laryngoscopy: Intubator V1-Indirect compared
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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 combinationwhich 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.

2

shaped blade of the novel device, the Storz CMAC Pocket Monitor
with D€orges blade (Karl Storz GmBH, Tuttlingen, Germany) was
selected as an appropriate comparator. The D€orges 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 D€orges 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 (themoment 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 2.3e7.5) 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 0.993e0.996).

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
3

(p¼ 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

https://www.medcalc.org
https://www.medcalc.org


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 e

Minimum e maximum intubation time (seconds) 5,1e34,2 5,2e99,1 -
intubation time (seconds) mean (SD) 13,3 (5,7) 18,2 (13,1) 4,9a

95% CI of intubation time 12,2 to 14,4 15,6 to 20, 8 2,3 to 7,5

N: number, CI: confidence interval, SD: standard deviation.
a Mean difference in intubation time p ¼ 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.
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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.
4

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 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   ________ 
 
 
I,_____________________________________________________________________  , 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:  
   
 

mailto:christiaandevilliers@gmail.com
mailto:doceave@gmail.com
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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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