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Preface
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In the first year of my master’s program | took a variety of courses, however, one lecture stands out
in my memory. This lecture, of the course Medical Instruments, was about global surgery and why there
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Therefore, | am grateful that | was able to conduct this master thesis at Layco Medical Devices, a
Dutch start-up that develops high-quality medical devices for low- and middle-income countries. In
addition, | would like to thank several people who made this graduation research possible and were of
considerable help during this process.

First, | would like to thank my TU Delft supervisor, Jenny Dankelman, for the excellent guidance
throughout the project and for providing clear feedback when needed. Second, | want to thank my
daily supervisor, Dieuwertje, for your enthusiasm, your help at any hour of the day, your involvement
in this project and for laughing at my jokes. Third, | want to thank my bonus supervisor, Chris Martini,
for all your clinical insights and your guidance in carrying out the manikin study.

Additionally, | would like my parents, Anniek and Scip for their mental support during this master
thesis. Thank you for always letting me call one of you and bore you with the ups and downs of my
project. | would also like to thank the whole Layco crew for the fun nine months | got to spend with
you. In special | want to thank Julia, for reading my paper over and over again. Thank you, Jackie,
Martha, Sterre and AW for all the days we could work together on our thesis, which has made the past
few months a lot more fun.

Lastly, | want to thank all my friends, housemates and classmates. They made my time at the TU
Delft not only interesting but also fun. I'm looking back with a lot of happiness. The next phase is now
at hand!

Roos Wiltink
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Abbreviations
Abbreviation Definition
LMICs Low- and Middle-Income Countries
HICs High-Income Countries
umcC University Medical Centre
LUMC Leiden University Medical Centre
UMCG University Medical Centre Groningen
ETT Endotracheal Tube
BURP Backward, Upward, Rightward Pressure
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Abstract— Background: Existing videolaryngoscopes do not
meet the needs, budgets, and cleaning protocols of low- and
middle-income countries. To solve these problems, a new
videolaryngoscope, the Goodscope, has been developed which
is less expensive, reusable and easy to clean. The aim of this
study was to evaluate the efficacy of the Goodscope compared
with a commonly used videolaryngoscope, the GlideScope, when
used by experienced anaesthetists and residents in anaesthesia
in both a normal and difficult airway scenario.

Methods: Participants randomly intubated the manikin four
times using both the Goodscope and the GlideScope twice in a
normal and a difficult airway scenario. The primary endpoint
was time to successful intubation. Secondary endpoints were
time to glottic view, time to ventilation, number of intubation
attempts, successful intubation rate, and ease of intubation.

Results: A total of 73 participants were included in this study.
The primary endpoint, time to successful intubation, showed
no statistically significant difference between the Goodscope
and GlideScope in both the normal (median Goodscope 10.3 s,
inter-quartile range (IQR) 8.5, 12.2 vs GlideScope 10.1 s, IQR
8.4, 13.6, P = 0.614), and difficult scenario (median Goodscope
18.5 s, IQR 14.3, 25.3 vs GlideScope 18.4 s, IQR 13.7, 24.2, P
= (.238). Similarly, no significant differences between the two
videolaryngoscopes were identified for all secondary endpoints
in both scenarios.

Conclusion: The findings of this study suggest that the
Goodscope is non-inferior to the GlideScope since no significant
differences between the Goodscope and the GlideScope were
identified for all primary and secondary endpoints. Therefore,
this study contributes to proving the concept of an affordable
reusable videolaryngoscope without compromising on quality.

I. BACKGROUND

Despite the considerable need for the improvement of
healthcare services in low- and middle-income countries
(LMICs), the development of medical devices has histori-
cally focused on high-income countries (HICs). LMICs have
limited access to most standard medical devices and for some
of these countries up to 80% of their medical device supply
is donated [1]. Unfortunately, it has been estimated that 40%
of these donated devices is out of service [2]. Similarly, the
World Health Organisation has estimated that 70% of the
medical devices developed in HICs do not function in LMICs
due to infrastructural restrictions, a lack of skilled staff, and
a shortage of spare parts or technical support [1], [3].

Limited access is also encountered for essential airway
equipment, with its over-all access being considerably larger
in HICs compared to LMICs [4]. Endotracheal intubation

is an important airway management procedure in which
the patient’s airway is secured by inserting a tube into the
trachea. Direct laryngoscopes are the golden standard for this
procedure, that allow the insertion of a tube into the trachea
under direct vision. Nonetheless, it was found that direct
laryngoscopy fails in approximately 6% of adult surgical
patients [5].

As an alternative to direct laryngoscopy, videolaryn-
goscopy was developed in which a camera is incorporated
into the tip of the laryngoscope to enlarge the angle of
view. Videolaryngoscopy is becoming increasingly popular
and promising results in terms of laryngeal view, fewer failed
intubations, and higher success rates have been found [6]—
[10]. These benefits are also recognized by recent guidelines
[11], [12]. Similarly, it was shown that videolaryngoscopy
is the most frequently chosen and most effective rescue
technique after failed intubation with direct laryngoscopy [6].

Unfortunately, only 46% of LMIC hospitals have access
to videolaryngoscopy in contrast to HIC hospitals were the
access rate is 93% [4]. This difference is mainly due to the
fact that current videolaryngoscopes were designed for use in
HICs. Therefore, they are too expensive for LMICs, costing
between $2,000 and $22,000 [13]. Moreover, the blades are
often not detachable or designed for single-use, requiring a
new device or blade for each patient. For most LMICs, these
blades are too expensive and hard to obtain. As a result,
they are often reused while not designed for it which may
lead to complications [14]. Even if reusable components are
used in LMICs, they are designed for cleaning protocols in
HICs, which are primarily based on autoclave sterilisation.
So, conventional videolaryngoscopes do not meet the needs,
budgets, and protocols of LMICs.

To solve this issue, Layco Medical Devices has created the
Goodscope, a new, reusable, low-cost videolaryngoscope that
will cost approximately a third of the videolaryngoscopes
currently used in HICs. The Goodscope consists of a hand-
held part, which contains a battery-operated camera and light
source, to which various reusable blades can be attached.
Moreover, it can be wirelessly connected to a smartphone
or monitor on which an interface application can be used
for video view. Although the Goodscope is designed for
LMICs, it’s lower cost and sustainable qualities may also
be advantageous to HICs. This is for two reasons. First, it



is a cheaper alternative which may be desired as healthcare
expenses in HICs are expected to climb rapidly in the future
years [15]. Second, the blades of the Goodscope are designed
to be reused for approximately 250 times. This is expected
to be a more sustainable solution since using a reusable
videolaryngoscope could reduce the waste and CO2 footprint
generated by a videolaryngoscope for each intubation by
69% and 92% respectively [16].

Despite its financial and sustainable benefits, it is of utmost
importance that the quality of the Goodscope will not be
compromised. Therefore, this manikin study was performed
to evaluate the efficacy of the Goodscope compared with a
commonly used videolaryngoscope, the GlideScope, both of
which have a hyperangulated blade design. A manikin setup
was chosen for this study since this is the first assessment of
the Goodscope, as suggested by Cook [17]. We hypothesise
that the efficacy of the Goodscope will be non-inferior to the
GlideScope.

II. METHODS

An ethical waiver was provided by the Institutional Review
Board of the Leiden University Medical Centre in March
2022. Participation was voluntary. Prior to the start of the
trial, written informed consent was obtained. All data were
collected anonymously.

Inclusion criteria for this study were that participants
had to be anaesthetists or residents in anaesthesia with a
minimal clinical intubation experience of 2 years. Literature
shows that the learning curve for endotracheal intubation
flattens after 40 clinical intubations [18], [19]. Participant’s
estimated number of previous clinical intubations was so
noted as <40 intubations, 40-80 intubations, or >80 intuba-
tions. All participants were recruited from the department of
anaesthesiology of the Amsterdam University Medical centre
(UMC), Leiden University Medical Centre (LUMC) and the
University Medical Centre Groningen (UMCG).

A. Protocol

The study incorporated a randomised crossover design,
with all participants intubating the manikin four times us-
ing both devices twice in a normal and a difficult airway
scenario. The devices used were the GlideScope (SPEC-
TRUM™ Single-Use Videolaryngoscope, Verathon Inc.,
United States) and the Goodscope (Reusable Videolaryngo-
scope, Layco Medical Devices, The Netherlands), both with a
size S4 hyperangulated blade (Fig 1). The order of the four
scenarios in which participants intubated the manikin was
randomised using a block randomisation scheme to ensure
equal distribution of the participants over the 24 possible
sequences. To minimise bias, a closed envelope technique
was used and only the device order was told. So, this study
was partially blinded since the participants were aware of the
device they were using and unaware of the different levels
of difficulty.

Each participant was given a standardised instruction of
the trial and no device-specific instructions were given.
Participants were then asked to practice intubation on the

Fig. 1.

Left: GlideScope, Right: Goodscope

manikin in the normal airway scenario with a Macintosh
laryngoscope until tracheal intubation had been achieved.

Both the normal and the difficult scenario were simulated
using the SimMan 3G manikin (SimMan 3G, Laerdal Medi-
cal, Norway) which is a high-fidelity airway model found
to be acceptable realistic [20], [21]. The normal airway
setting, without airway compromise, was used for the normal
airway scenario. Maximal tongue swelling was used to create
the difficult scenario, based on the study of Maharajj and
colleagues that showed tongue oedema to cause the highest
degree of intubation difficulty and the longest intubation
times in the SimMan 3G [22].

Prior to each new participant the airway of the manikin
was lubricated using Training Lubricant from Leardal Med-
ical. The head of the manikin was placed on an intubation
pillow in a standardized ‘sniffing’ position. Although the par-
ticipants were not allowed to remove the intubation pillow,
they were allowed to adjust the position of the manikin’s
head. A 7,5 mm endotracheal tube (Hi-Contour Oral/Nasal
Tracheal Tube Cuffed Murphy Eye, COVIDIEN™, Ireland)
in combination with a rigid stylet (GLIDERITE® rigid
stylet, Verathon Inc., United States) was used during each
intubation. The stylet was placed inside the endotracheal tube
(ETT) before the start of the trial to shape the ETT to the pre-
desired form. The participants were not allowed to alter the
curve of the stylet or to use optimisation manoeuvres such
as a gum elastic bougie and backward, upward, rightward
pressure (BURP).

B. Measurements

The primary endpoint was time to successful intubation.
The secondary endpoints were time to glottic view, time
to ventilation, number of intubation attempts, successful
intubation rate, and ease of intubation according to a 5-point
Likert scale (1 = very easy, 2 = easy, 3 = moderate, 4 =
difficult, 5 = very difficult).

For time to successful intubation, time to glottic view, and
time to ventilation, timing commenced when the tip of the
blade passed the manikin’s teeth and stopped when the cuff
of the ETT had visually passed the vocal cords, a view on



the vocal cords was obtained, and ventilation was confirmed
by observing a consistent capnographic waveform using a
self-inflating bag (Medisize, Flexicare (Group) Limited, UK)
respectively. The executing researcher determined when tim-
ing stopped by following the operation through the monitor.
Both the GlideScope and the Goodscope were connected
to a separate monitor, by cable and by wireless connection
respectively. The number of intubation attempts was defined
as the total number of intubations a participant needed to
achieve successful intubation. An intubation attempt was
successful when a consistent capnographic waveform was
observed. Intubation failed if the oesophagus was intubated,
if successful intubation was not achieved in 60 seconds, or
if the participant removed the videolaryngoscope from the
manikin’s mouth before the ETT had passed the vocal cords
and reinserted it for another attempt. The rate of successful
intubations was defined as the percentage of all intubations
that were successful per intubation attempt. Following each
successful intubation, participants were asked to assess the
ease of intubation using a 5-point Likert scale, as well as
provide a verbal rationale for their choice (data not shown).
For time to glottic view and time to ventilation, only the data
obtained from a successful intubation were included in the
study.

C. Statistics

The sample size was estimated using the formula for sam-
ple size calculation for continuous outcome non-inferiority
trials [23]. For this calculation, a standard deviation (o)
of 15 seconds was used, based on the time to intubation
found with the GlideScope in several similar studies [24]—
[31]. Following advice of three clinical experts, a non-
inferiority limit (d) of 10 seconds was used. With a level
of significance (o) of 0.05, it was calculated that a minimum
of 39 participants were required to be 90% (1-8) sure that
the lower limit of a one-sided 95% confidence interval will
be above the non-inferiority limit of -10 seconds. However,
because this calculation was an estimation, it was chosen
to include a minimum of 48 participants such that every
intubation sequence would be included at least two times.

Results were analysed using IBM SPSS Statistics version
27. Data of all endpoints was tested for normality using
the Shapiro-Wilk test. If the assumption of normality was
violated, Wilcoxon signed-ranks tests were used instead
of paired samples t-tests for all data of the primary and
secondary endpoints where continuous or ordinal repeated
measures were performed. The Wilcoxon signed-ranks test
was used with Hy stating that the Goodscope is inferior to
the GlideScope and with H; stating that the Goodscope is
non-inferior to the GlideScope. One-sided p values were
calculated from the two-sided p values obtained from the
Wilcoxon signed-ranks test and were considered significant if
p < 0.05. If p > 0.05, non-inferiority could be assumed. All
results were summarised by median and interquartile range

(IQR).

III. RESULTS

Between April 13, 2022 and April 22, 2022, a total
of 84 participants from Amsterdam UMC (n=28), LUMC
(n=37) and UMCG (n=19) were recruited for this randomised
crossover trial as depicted in the flowchart in figure 2. How-
ever, 11 participants were excluded from this study because
the inclusion criteria (participants had to be anaesthetists or
residents in anaesthesia with a minimal clinical intubation
experience of 2 years) were not met as they were anaesthesia
assistants. Their results are detailed in Appendix A. Even-
tually, 73 participants were included in this study. Among
them, no dropouts occurred and they all had performed 80
previous clinical intubations or more.

84 participants
recruited
Amsterdam LUMC UMCG
UMC(nh=28)  (n=37) (n=19)
11 participants
11 excluded because
inclusion criteria
were not met

73 participants included

Fig. 2. Flowchart of included participants

A. Primary endpoint

For the primary endpoint, time to successful intubation,
median times of 10.3 s (IQR 8.5, 12.2) and 10.1 s (IQR 8.4,
13.6) were found in the normal scenario for the Goodscope
and the GlideScope respectively. In the difficult scenario, a
median time of 18.5 s (IQR 14.3, 25.3) was found for the
Goodscope and 18.4 s (IQR 13.7, 24.2) was found for the
GlideScope. No statistically significant difference between
the Goodscope and the GlideScope in both the normal [Z =
0.289, P = 0.614] and the difficult scenario [Z = -0.715, P
= (0.238] was found.

B. Secondary endpoints

For time to glottic view and time to ventilation median
times of 4.8 s (IQR 3.5, 6.6) and 22.8 s (IQR 20.3, 25.8)
were found for the Goodscope and median times of 4.6 s
(IQR 3.1, 6.4) and 24.1 s (IQR 21.0, 27.7) were found for
the GlideScope in the normal scenario respectively. In the
difficult scenario, median times of 11.9 s (IQR 8.7, 16.9)
and 33.3 s (IQR 27.7, 40.0) were found for the Goodscope
and median times of 10.8 s (IQR 7.8, 14.4) and 32.0 s (IQR
26.8, 39.0) were found for the GlideScope respectively. In the
normal scenario, no significant difference was found between
the Goodscope and the GlideScope for time to glottic view
[Z = -0.605, P = 0.273] and time to ventilation [Z = 1.583,
P = 0.944]. Similarly, no significant difference was found in



TABLE I
TIME TO SUCCESSFUL INTUBATION, TIME TO GLOTTIC VIEW AND TIME TO VENTILATION

Normal scenario

Goodscope,
median (IQR)

GlideScope,
median (IQR)

Test statistics
Wilcoxon signed
ranks test
(Z-score, one-
sided p value)

Difficult scenario
Test statistics
Wilcoxon signed
ranks test
(Z-score, one-
sided p value)

Goodscope,
median (IQR)

GlideScope,
median (IQR)

Primary endpoint

ventilation (s)

Time to
successful 103 (85, 122) | 10.1 (8.4, 13.6) 0.289, 0.614 185 (143, 253) | 184 (13.7,242) | -0.715, 0.238
intubation (s)
Secondary endpoints
T'“‘:i;v‘; %;’“‘c 48 (3.5, 6.6) 46 (3.1, 6.4) -0.605, 0.273 11.9 8.7, 169) | 10.8 (7.8, 14.4) -1.385, 0.083
Time to 22.8 (20.3,25.8) | 24.1 (21.0, 27.7) 1583, 0944 | 333 (27.7,40.0) | 32.0 (26.8,39.0) | -0.415, 0.339

the difficult scenario for time to glottic view [Z = -1.385,
P = 0.083] and time to ventilation [Z = -0.415, P = 0.339].
Results of the time measurements are summarised in table I.
Moreover, in figure 3, a graphical representation of all time
measurements versus the percentage of trials is given.

For the Goodscope and the GlideScope, similar numbers
of intubation attempts were found, [median 1, IQR 1, 1] vs
[median 1, IQR 1, 1], in both the normal and the difficult
airway scenario. No significant differences were found for
this endpoint between the GlideScope and the Goodscope
in both the normal [Z = 1.000, P = 0.842] and the difficult
[Z = 2.388, P = 0.992] scenario. In table II, the number
of intubation attempts and the successful intubation rate per
intubation attempt are given.

Lastly, for ease of intubation no significant difference
was found [Z = -0.473, P = 0.318] between the Goodscope
[median 2, IQR 1, 2] and the GlideScope [median 2, IQR 1,
2] in the normal scenario. Correspondingly, in the difficult
scenario, no significant difference was found [Z = -0.262, P
= 0.397] between the Goodscope [median 3, IQR 2, 3] and
the GlideScope [median 3, IQR 2, 3]. The grades given by
the participants for the ease of intubation according to the
5-point Likert scale are shown in figure 4.

Similar to the primary endpoint, no significant differences
between the two videolaryngoscopes were identified for all
secondary endpoints in both scenarios.

TABLE 11
NUMBER OF INTUBATION ATTEMPTS NEEDED TO OBTAIN A SUCCESSFUL
INTUBATION AND THE SUCCESSFUL INTUBATION RATE PER INTUBATION
ATTEMPT N (%)

Normal scenario Difficult scenario

Goodscope  GlideScope ~ Goodscope  GlideScope

1 72 (98.6%) 71 (97.3%) 71 (97.3%) 63 (86.3%)
1 (1.4%) 2 (2.7%) 2 (2.7%) 7 (9.6%)

0 0 1 (1.4%)

>4 0 0 0 2 (2.7%)

IV. DISCUSSION

This study aimed to evaluate the efficacy of the Goodscope
compared with the GlideScope when used by experienced
anaesthetists and residents in anaesthesia in two different
airway scenarios. The hypothesis for both the normal and the
difficult airway scenario was that the Goodscope’s intubation
times, number of intubation attempts, success rate, and ease
of intubation were non-inferior to those of the GlideScope.
This expectation is supported by the results that show no
significant differences between the two videolaryngoscopes
for all primary and secondary endpoints in both scenarios.

These similar results may be explained by the fact that,
due to design similarities, the technique needed to effi-
ciently use the Goodscope is essentially identical to that
of the GlideScope, with which all participants were fa-
miliar. Furthermore, prior to the experiment, no device-
specific information about the Goodscope was provided to
the participants. This suggests that if participants are familiar
with videolaryngoscopy with a hyperangulated blade, the
Goodscope is intuitive to use and its learning curve is steep.

Along with the similarities, differences are present be-
tween the designs of the Goodscope and the GlideScope.
First, the handle of the Goodscope is considerably longer
compared to the handle of the GlideScope. Although the
length of the handle is mostly critical in patients with a thick
chest, large breasts or obese patients [32]-[34], which is not
true for the manikin used in this study, several participants
specifically indicated that insertion problems were due to
the long handle of the Goodscope. Second, the blade of the
Goodscope is slightly higher, often associated with longer
intubation times, compared to the blade of the GlideScope
[35]. However, the participants showed no indications that
the higher blade contributed to a more difficult intubation.
Third, the camera type and its location vary between the
two videolaryngoscopes. The camera of the GlideScope
has a wider angle of view, often linked to better glottic
views, compared to the camera of the Goodscope [26],
[36]. Moreover, the GlideScope’s camera is located at a
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Fig. 3.

larger distance from the tip of the blade, which has been
associated to poorer glottic views, compared to the camera
of the Goodscope [37]. Therefore, the longer camera-to-
tip distance of the GlideScope may have contributed to the
higher number of intubation attempts required in the difficult
scenario, since participants frequently inserted the blade of
the GlideScope too deep in this scenario, resulting in a
poor glottic view. However, these differences did not lead
to statistically significant different results.

In various manikin studies using the SimMan 3G, the
time to intubation was measured for the GlideScope in both
normal and difficult scenarios. In previous studies, in the nor-
mal scenario, intubation times of 10, 12, 14 and 25 seconds

Graphical representation of time vs percentages of successful intubations, glottises viewed and successful ventilations

were found with the GlideScope compared to 10.1 seconds
found in this study [24]-[27]. For the difficult scenario,
maximal tongue swelling, intubation times of 19, 23, 28 and
29 seconds were found with the GlideScope compared to
18.4 sec found in this study [27], [38]-[40]. Differences in
time to intubation with the GlideScope between this study
and previous studies may be explained by the more extensive
intubation experience of the participant group included in this
study.

Because this was the first evaluation of the Goodscope,
the results of the Goodscope cannot be compared to existing
literature. However, several manikin studies were conducted,
some in response to the COVID-19 pandemic, in which dif-



Normal Scenario

40-
32233 32
304 30
8 204
=
=
=
1
104
7
]
0L -
1 2 3 4 5

5-point Likert scale

Fig. 4.
easy, 3 = moderate, 4 = difficult, 5 = very difficult

ferent low-cost videolaryngoscopes were evaluated by using
similar endpoints. In these studies, in which the SimMan
3G was used in varying setups, intubation times of 27 and
18 seconds were found in a normal airway and a tongue
inflation and stiff neck scenario respectively [14], [41]. It
is difficult to relate these findings to the results from this
study since other low-cost videolaryngoscopes, with different
designs compared to the Goodscope, were evaluated.

This study has several strengths and limitations. The end-
points used in this study were securely chosen by performing
an extensive literature study (see Appendix B), in which 171
studies were analysed to define a minimum set of endpoints
that should be measured and reported in future manikin
studies evaluating videolaryngoscopes. Such a standardised
set is needed because the wide range of endpoints, small
number of participants, and lack of standardised terminology
utilised in studies evaluating videolaryngoscopes, makes it
difficult to identify meaningful and comparable results [42].
Although the Cormack-Lehane laryngeal view grade was
included in the minimum set of endpoints in the literature
study, it was not included as an endpoint in this study because
its use in videolaryngoscopy has been questioned since a
good view does not correspond to an easy intubation in
videolaryngoscopy as is the case in direct laryngoscopy [43].
Contrarily, the endpoint time to glottic view was added as
an endpoint in this study based on clinical expert advice,
since it was expected that it would provide extra valuable
information next to the other time measurements.

The participant’s equal experience with the GlideScope
is another strength of this study. Extra attention was given
to including an equally experienced participant group to
ensure that this study solely quantified differences between
the two videolaryngoscopes instead of variations in partici-
pant intubation experience. This was accomplished through
the inclusion criteria on the one hand, and by selecting
the medical centres in the Netherlands that utilised the
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Subjective scoring of ease of intubation for both devices in the normal and difficult scenario on a 5-point Likert scale with 1 = very easy, 2 =

GlideScope as their standard videolaryngoscope on the other
hand. However, due to the inclusion criteria, the focus in
this study design was on the experienced user, leading to
little information about the use of the Goodscope by less
experienced users and novices. The inclusion of multiple
medical centres allowed a larger number of participants to be
included. The corresponding limitations are that differences
in clinical practice between the medical centres may have
jeopardised the participant group’s equal experience, and
that, although using the same materials in all centres, small
differences in setup may have affected the results. However,
the results give no reason to assume that these limitations
led to substantial differences.

Due to the crossover design of this study, participants per-
formed multiple intubations. This may have led to learning
curve effects in the results. To compensate for these effects,
block randomisation was used including each randomisation
sequence two or three times. The randomised crossover study
was only partially blinded. While participants would see
the type of videolaryngoscope they were using, potentially
altering participant’s behavior, they were blinded for the
type of scenario (normal or difficult). Moreover, despite not
informing participants about the endpoints to minimise the
Hawthorne effect [44], some participants may have felt they
were being timed.

This study only compared one similar videolaryngoscope
to the Goodscope. Other videolaryngoscopes available on the
market have not been investigated in this study because the
GlideScope was the standard videolaryngoscope used in the
medical centres included. Moreover, direct laryngoscopy was
kept out of the scope of this study design since extensive
research has already been performed about the differences
between video- and direct laryngoscopy. Although its overall
superiority is still questioned, the GlideScope is in several
studies associated with improved glottic visualisation and
fewer failed intubations in the difficult airway [45], [46].



Despite the use of a realistic airway model, the findings of
this study differ from those of clinical trials [47]. This may
be due to the fact that man and manikin are not the same and
their internal anatomies differ. Therefore, the results found
in this manikin study cannot be extrapolated to patients [48].

Following this study, a number of recommendations can
be made. A study with patients has to be performed to
identify the efficacy of the Goodscope in clinical practice.
Before performing a clinical trial, a cadaver study could be
conducted to determine the safety and effectiveness of the
Goodscope in a more realistic model [49]. Moreover, because
the Goodscope is also designed for inexperienced users, it is
advisable that an additional manikin study testing the efficacy
of the Goodscope by less experienced or novice users should
be performed. Since the Goodscope has only been compared
to the GlideScope, further comparative research with other
existing videolaryngoscopes is required to assess the relative
effectiveness of these devices. Although research regarding
the environmental costs of airway equipment in general has
been performed [50], research regarding the environmental
impact of disposable versus reusable videolaryngoscopes
is necessary such that a complete trade-off between both
alternatives can be made.

Two recommendations regarding the design of the Good-
scope can be given as a result of this study. First, because sev-
eral participants indicated that the handle of the Goodscope
is too long, the handle should be made shorter. Secondly,
another camera with a wider angle of view, similar to the
camera of the GlideScope, is recommended to optimise the
view of the glottis.

V. CONCLUSION

In conclusion, the findings of this study suggest that the
Goodscope is non-inferior to the GlideScope since no signif-
icant differences between the Goodscope and the GlideScope
were identified for all primary and secondary endpoints.
Therefore, we conclude that the Goodscope has acceptable
efficacy in manikins. Moreover, this study contributes to
proving the concept of an affordable reusable videolaryn-
goscope without compromising on quality.
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Results of Anesthesia Assistants

A.1. Methods

The data of 11 participants was excluded from this study since the inclusion criteria (participants had
to be anaesthetists or residents in anaesthesia with a minimal clinical intubation experience of 2 years)
were not met as they were anaesthesia assistants. As this group has on average less extensive expe-
rience with videolaryngoscopy, their results may offer information about the use of the Goodscope and
the GlideScope by less experienced users. Despite the small sample size, the data of all endpoints
was analysed in SPSS using the Wilcoxon signed-ranks test. One-sided P-values were calculated from
the two-sided P-values obtained from the Wilcoxon signed-ranks test and are considered significant if
P<0.05. All results are summarized by median and interquartile range (IQR).

A.2. Results

For the primary endpoint, time to successful intubation, median times of 12.4 s (IQR 9.3, 19.4) and 11.4
s (IQR 9.1, 21.0) were found in the normal scenario for the Goodscope and the GlideScope respectively.
In the difficult scenario, a median time of 19.3 s (IQR 13.5, 24.9) was found for the Goodscope and
17.1 s (IQR 15.9, 23.0) was found for the GlideScope. No statistically significant difference between
the Goodscope and the GlideScope in both the normal [Z =-0.178, P = 0.430] and the difficult scenario
[Z=-0.178, P = 0.430] was found. The results for all time measurements including time to glottic view
and time to ventilation are detailed in table A.1.

Normal scenario Difficult scenario
Test statistics Test statistics
Wilcoxon Wilcoxon
Goodscope, GlideScope, signed ranks Goodscope, GlideScope, signed ranks
median (IQR) median (IQR) test (Z-score, median (IQR) median (IQR) test (Z-score,
one- sided one- sided
p-value) p-value)

Primary endpoint

Time to

successful 12.4 (9.3, 19.4) 11.4 (9.1, 21.0) -0.178, 0.430 19.3 (13.5,24.9) | 17.1 (15.9, 23.0) -0.178, 0.430
intubation (s)

Secondary endpoints

Time to glottic

view (5] 6.0 (5.4, 7.8) 5.9 (4.1, 13.1) 0.711, 0.762 10.7 (7.5,16.3) | 12.0(9.8, 15.4) 0.533, 0.703

Time to

i 28.3(23.9,37.9) | 27.6(24.3,38.3) 0.089, 0.536 35.9(31.2,44.3) | 36.9(33.5,43.0) 0.800, 0.788
ventilation (s)

Table A.1: Time to successful intubation, time to glottic view, and time to ventilation in seconds

For the Goodscope and the GlideScope, similar medians of the number of intubation attempts were
found in the normal [median 1, IQR 1, 1] and the difficult [median 1, IQR 1, 2] airway scenario. No
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A.3. Discussion and Conclusion 11

significant differences were found for this endpoint between the GlideScope and the Goodscope in
both the normal [Z = -1.000, P = 0.500] and the difficult [Z = 1.000, P = 0.842] scenario. In table A.2,
the number of intubation attempts and the successful intubation rate per intubation attempt are given.

Normal scenario Difficult scenario
Goodscope GlideScope Goodscope GlideScope
1 11 (100%) 11 (100%) 8 (72.7%) 6 (54.5%)

2 0 0 3 (27.3%) 4 (36.4%)
3 0 0 0 1(9.1%)
>4 0 0 0 0

Table A.2: Number of intubation attempts needed to obtain a successful intubation and the successful intubation rate per
intubation attempt n (%).

Lastly, for ease of intubation no significant difference was found [Z = 0.000, P = 0.500] between
the Goodscope [median 2, IQR 2, 2] and the GlideScope [median 2, IQR 2, 2] in the normal scenario.
Correspondingly, in the difficult scenario, no significant difference was found [Z = 0.730, P = 0.768]
between the Goodscope [median 2, IQR 2, 4] and the GlideScope [median 2, IQR 3, 4]. The grades
given by the participants for the ease of intubation are shown in figure A.1.

oo Normal Scenario - Difficult Scenario
9 [ lGoodscope
I GlideScope
84 g8
7
6 6 5
] b
Em] 0
i :
= 44 2 44 4 4
3 3
2 2 2 2 2
O T T O T T
1 2 3 4 5 1 2 3 4 5
5-point Likert scale 5-point Likert scale

Figure A.1: Subjective scoring of ease of intubation for both devices in the normal and difficult scenario on a 5-point Likert
scale with 1 = very easy, 2 = easy, 3 = moderate, 4 = difficult, 5 = very difficult.

A.3. Discussion and Conclusion

No significant differences were found between medians of the Goodscope and the GlideScope for
all endpoints in both airway scenarios. This implies that the Goodscope is also non-inferior to the
GlideScope for anesthesia assistants for all endpoints. However, given the small sample size and
hence low power, it is unknown if the results or the low power are to cause for the non-significance.
Moreover, the difference between the medians was analyzed which tends to be more biased and less
accurate than the mean for small sample sizes (n < 25). So, although it can be concluded from these
results that significant differences were not found between the Goodscope and the GlideScope, it can
not be concluded if the Goodscope is non-inferior to the GlideScope for this participant group.
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Abstract— Background: Airway management is one of the
fields of anesthesia in which the most complications occur and
it is, therefore, no surprise that this is a topic of major research
interest. However, the quality of research performed in this field
is questionable because of the low amount of participants, large
variety in end-points, and the lack of standardised definitions.
Similarly, this applies to manikin studies carried out in the field
of videolaryngoscopy. Therefore, this literature review aimed to
gather, analyse and select the most relevant end-points used to
validate videolaryngoscopes in manikin studies published over
the last ten years.

Methods: Studies were gathered by using the MEDLINE and
SCOPUS bibliographic databases. Studies were included for
analysis if both the search terms ‘manikin’ and ‘videolaryn-
goscope’ (or one of their synonyms) were included in the ti-
tle/abstract and if clear end-points were stated. Additionally, the
DAEN and TPLC adverse event databases were used to identify
the most harmful device problems of (video)laryngoscopes.
Subsequently, the end-points found in the literature were linked
to those harmful device problems that could be assessed with
a manikin study.

Results: In the 171 studies analysed, 47 different end-points
were identified. The five most frequently reported end-points
were found to be: Successful intubation rate 75,4% (n=129),
Time to intubation 50,9% (n=87), Time to ventilation 50,3%
(n=86), Laryngeal view grade (CL) 47,4% (n=81) and Number
of intubation attempts 37,4% (n=64). The device problems that
could be assessed with a manikin study were found to be:
Difficult to Advance, Poor Glottic View, Intubation Difficulty,
Optical Obstruction, Inadequacy of Device Shape and/or Size
and High Resistance.

Conclusion: Standardised definitions of end-points and con-
sistent use can contribute to increasing the value of manikin
studies that are carried out in the field of videolaryngoscopy.
Therefore, six end-points, which were selected due to their high
incidence as well as relevance to the patient, are recommended
for use in future manikin studies: Time to intubation, Time
to ventilation, Successful intubation rate, Number of intubation
attempts, Laryngeal view grade (CL) and Ease of intubation.

I. INTRODUCTION
A. Risks of anesthesia

Worldwide, 230 million anesthetic procedures are per-
formed annually [1]. Although the anesthesia-related mor-
tality rates have decreased in high-, middle- and low-income
countries over the past few decades, the anesthetic risk
remains relevant because of its high incidence [1] [2] [3]
[4]. However, the mortality rates in low- and middle-income
countries (LMIC) are found to decrease at a slower pace

[3] [5]. This global downward trend is driven by several
safety improvements, including the development of improved
airway techniques and devices [3] [6]. Despite the decline in
mortality rates, the need for improvement in anesthetic safety
remains significant, especially in low resource settings [7]
[8] [9]. The gap between LMIC and high-income countries
is large when it comes to safe anesthetics. To close this gap,
not only funding and training but also robust and functional
equipment are needed in LMIC [7] [10]. To improve the
safety of anesthesia, the focus should be on those anesthetic
fields in which the most adverse events occur.

B. The field of airway management

Airway management is one of those fields in which most
anesthetic-related complications occur. It is estimated that
failure to manage a difficult airway accounts for 30% of
the anesthetic deaths [11]. Airway management is a crucial
aspect of anesthesia that covers the entire range of airway
manipulations that may be required in the fields of emer-
gency medicine, intensive care medicine, and during general
anesthesia [4] [12] [13]. Therefore, it is not surprising that of
the 230 million anesthetic procedures performed worldwide,
50 million involve intubation [14]. Although complications
that arise from airway management are rare, the results
can be life-threatening [15]. Therefore, improvements in
airway management can further increase the global safety
of anesthesia. The airway management technique which
is the gold standard procedure in general anesthetics is
endotracheal intubation (ETI) [16]. This technique is used
to secure the airway of patients in several clinical fields:
resuscitation, prehospital airway management, emergency
medicine, intensive care, and anesthesiology [17].

C. Validation of videolaryngoscopy

It is no surprise that airway management is a topic of major
interest in research because airway management is of great
importance and a key competence for anaesthesiologists [18].
To improve patient care, thorough research is of utmost
importance. Unfortunately, only a small number of high-
quality research is published [19]. In the field of airway
management, comparative studies between several devices
are often performed to evaluate the efficacy of these devices.
However, due to the low amount of participants, the large



variety in end-points, and the lack of standardised definitions,
relevant and comparable results are hard to find [18]. More-
over, standardised definitions of end-points and consistent
use can contribute to increasing the value of research [20].
Therefore, Hinkelbein et al. developed a core outcome set
(COS), consisting of 12 different end-points, that should
be used in future videolaryngoscopy studies [21]. These
end-points were partly selected from clinical trials. Because
clinical trials need approval, are time-consuming, and have
a risk of adverse events, manikin studies are a popular
alternative [22]. Moreover, before a videolaryngoscope is
introduced to the market, clinical trials are often not required
because they are considered low-risk devices. So, in these
cases, evaluating the device on a manikin would meet the
standards [22]. For this reason, many manikin studies are
performed in the field of VL. Unfortunately, these manikin
studies have the same problem as clinical trials: the results
of the studies are generally not comparable because of the
already indicated low number of participants and different
end-points used. However, the COS developed by Hinkelbein
et al. does not necessarily apply to manikin studies because
it was based on clinical trials. Moreover, end-points used
in clinical trials are often not as relevant to measure in a
manikin because man and manikin are simply not the same
[23]. For example, complications are generally measured in
clinical trials while these are hard to simulate in a manikin.
On the contrary, force measurements on the body are difficult
to perform in clinical trials but can be accurately measured
in manikin studies because sensors can be located inside the
manikin.

II. OBJECTIVE

The aim of this literature review was to gather, analyse and
select the most relevant end-points used to validate video-
laryngoscopes in manikin studies published over the last ten
years. The relevance of the end-points was determined in
two different ways. On the one hand, by examining which
end-points were most frequently used in manikin studies.
These studies were found by performing a literature search in
bibliographic databases. On the other hand, the relevance was
determined by searching the most harmful device problems
of (video)laryngoscopes which led to complications and
linking these to the end-points found. The device problems
were found by searching adverse event databases. Together,
this will answer the research question which was defined as
What are the most relevant end-points for the validation of
a videolaryngoscope in a manikin study? As a result, a list
was established which consisted of relevant end-points to be
used in future manikin studies. A scoping review approach
was chosen for this literature research because the research
question aims to map the evidence rather than providing a
critically appraised answer [24] [25].

III. BACKGROUND OF LARYNGOSCOPY

A. The procedure of endotracheal intubation

Endotracheal intubation is the procedure that consists of
inserting a tube (the endotracheal tube) into the trachea.

This can be accomplished in two ways, through the nose
(nasotracheal intubation) or the mouth (orotracheal intuba-
tion). The oral route is most often used, in 98% - 94.6%
of all endotracheal intubations [26]. This is mainly because
orotracheal intubation is faster, easier to perform and less
painful for the patient [26]. Orotracheal intubation consists
of the following steps:

« Positioning and preparation: Before starting the proce-
dure it must be ensured that the right materials and
back-up parts are available. The patient must be brought
into the right position prior to intubation depending
on the weight of the patient, the injury type and the
laryngoscope used [27] [28] [29].

o Preoxygenation: As patients are often under general
anesthesia when they are intubated, there is a time limit
to the procedure. Since the drugs have a paralyzing ef-
fect on the patient’s muscles, the patient cannot breathe
on its own because the diaphragm is paralysed as well.
In order to increase the time (safe apnea time) before
hypoxemia occurs, preoxygenation is performed [30].
Through a close-fitting face mask, inspired oxygen is
administered to the patient for a number of minutes in
order to build up a reserve in which intubation can be
performed [31]. If intubation takes longer than the safe
apnea time, complications such as arterial desaturation
and hypoxic injury may arise [29].

« Laryngoscopy: Subsequently, a laryngoscope is used to
visualise the vocal cords through which the endotracheal
tube will eventually be inserted. An overview of the
relevant anatomy is depicted in figure 1. Two types of
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Fig. 1. Basic anatomy of the larynx. Source: [32]

laryngoscopes exist: direct and indirect. Direct laryn-
goscopy (DL) is the most commonly used technique
which uses the laryngoscope to obtain direct visualiza-
tion of the glottis [33]. Indirect laryngoscopy refers to
techniques that can visualise the glottis without a direct
line-of-sight view. Videolaryngoscopy (VL) is the most
common indirect laryngoscopy technique [27]. By mak-
ing use of a camera or another visualization technique,
an indirect sight of the glottis is obtained. While DL
is preferred for normal intubations, VL is mostly used
for difficult intubations because the camera increases the
anaesthesiologist’s field of view. In both techniques, the
laryngoscope is inserted through the right side of the
mouth while pushing the tongue out of the way to the



left side, see figure 2 [29] [27]. The laryngoscope is

Fig. 2. Left: laryngoscope is inserted through the right side of the mouth,
Right: the tongue is pushed to the left side. Source: [29]

advanced towards the base of the tongue and lifted to
visualise the epiglottis. Depending on the blade type
of the laryngoscope, a different technique is required
to visualise the glottis. In the case of a straight blade
(Miller), the tip of the laryngoscope is placed posterior
to the epiglottis. Thereby, the epiglottis is flattened and
a view on the vocal cords is obtained, see figure 3. In

Place blade posterior to
(beneath) the epiglottis

Fig. 3. Laryngoscopy with a Miller laryngoscope blade. Source: [29]

the case of a curved blade (Macintosh), the tip of the
laryngoscope is placed in the space formed between the
base of the tongue and the epiglottis (vallecula), see
figure 4 [34]. Subsequently, the laryngoscope is moved

Fig. 4. Laryngoscopy with a Macintosh laryngoscope blade. Source: [29]

up and forward several times allowing the glottis to
come into view.

o Endotracheal tube insertion: When the vocal cords are
properly visible, the endotracheal tube (ETT) is inserted
through the right-most side of the patient’s mouth. By
taking this approach the line of sight is not blocked
by the ETT. The tube is advanced downwards and is
stopped approximately 2 cm beyond the glottis [29].
If the first intubation attempt fails or if a difficult
airway is expected, several adjuncts can be used to
ease intubation, such as a bougie or stylet [35]. If
successful intubation is assumed, the laryngoscope can
be removed. Lastly, the cuff of the ETT is inflated to
secure the tube in the trachea.

o Verification: The last and most important step in the
intubation process is to verify if the ETT is properly
placed in the trachea. Several physical examination
methods for the verification exist. However, these meth-
ods alone are not sensitive enough [36]. Next to visual
tube placement confirmation of the ETT between the
vocal cords, the measurement of end-tidal CO2 (capnog-
raphy) is seen as the gold standard for the verification
of tube placement [37]. However, also this method has
its limitations. Therefore, the Difficult Airway Society
2015 guidelines advise using a combination of several
verification methods to determine correct intubation
[38]. These include: visual confirmation of ETT through
the vocal cords, chest expansion on both sides, detection
of breathing sounds and capnography [29].

B. History and development of videolaryngoscopy

Although the first indications of airway management date
all the way back to Ancient Egypt (3600 BC) [39], the
first endotracheal intubation did not take place until the late
1900s. It was William Macewen who performed the first
elective endotracheal intubation for anesthesia in 1879 [40].
Macewen packed the hypopharynx (the lower part of the
throat, behind the larynx) to prevent blood from leaking into
the trachea [41]. He achieved this without using a laryngo-
scope, which had already been invented at the time. There is
some debate as to who was the first to invent the precursor
to the laryngoscope, Benjamin Babington in 1829 or Manuel
Garcia in 1855 [42] [33]. Babington’s laryngoscope was
intended to depress the tongue and at the same time visualise
the larynx with mirrors by using the sun as a light-source
[42]. In contrast to Babington’s medical background, Garcia
was a Spanish singer [40]. Because of his interest in his vocal
cords, he was the first to see the glottis functioning as a whole
by building a construction of mirrors on curved instruments.
Due to Babington’s vague documentation, Garcia thought he
was the first to design such a device and this is how the
confusion arose [42]. Several medical practitioners continued
with the techniques developed by Babington and Garcia,
where the main problem proved to be the lack of a good light
source. Alfred Kirstein was the first to solve this problem
by introducing an external electrical light to the system.
As a result of this development, in 1895, Kirstein was the



first person who was able to obtain a direct view of the
vocal cords. Therefore, the first direct laryngoscope, which
he called the autoscope, is attributed to him [43]. Again,
many adaptions were made to the system developed by
Kirstein. However, it was Chevalier Jackson who eventually
combined direct laryngoscopy and endotracheal intubation in
1903 [42]. Jackson developed several laryngoscopes over the
next two decades. But it was not until the First World War
that endotracheal anesthesia became predominant [43]. As a
result, the laryngoscope developed by Jackson was improved
by several people in the following years. In 1941 and 1943,
Robert Miller and Robert Macintosh designed the straight
and curved blades that we use to this day [33]. In the last
70 years, no other blades have been designed that became
as successful as those of Miller and Macintosh [42] [33].
However, in contrast to the blade design, other aspects of the
laryngoscope have changed. In the last few decades, various
types of videolaryngoscopes have been designed with the
use of different imaging techniques such as a video camera
and a fiberoptic bundle. This adaption was made in order
to improve the view of the glottis [27] [44]. In other words,
laryngoscopy goes back to where it started: indirect laryngeal
view.

C. Direct laryngoscopy versus videolaryngoscopy

Although direct laryngoscopy (DL) remains the standard
for routine intubations, videolaryngoscopy (VL) is becoming
increasingly popular. For many years, DL was the default
method for normal orotracheal intubation. However, it is
shown that DL fails in approximately 6% of adult surgical
patients [45]. This failure rate is defined as the inability to
see the larynx. When using VL it is easier to look around
anatomical obstacles because the camera is located at the tip
of the device, as depicted in figure 5.
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Fig. 5. A videolaryngoscope [46]

Therefore, VL is often used in anticipated difficult airway
scenarios where there is a limited line-of-sight to the larynx.

In addition, when failed direct laryngoscopic intubation oc-
curs, VL is also used [27] [47]. The Difficult Airway Society
2015 guidelines even state that some anesthetists consider
VL to be the first-line product for orotracheal intubation [38].
Moreover, in the 2022 American Society of Anesthesiologists
Practice Guidelines for Management of the Difficult Airway,
the trend towards VL is acknowledged as well by the
numerous advantages reported, such as “improved laryngeal
views, a higher frequency of successful intubations, a higher
frequency of first attempt intubations, and fewer intubation
maneuvers with video-assisted laryngoscopy” [48]. Pieters
et al. describe, next to the advantages, the disadvantages of
VL such as better laryngeal view does not lead to easier
intubation, fogging of the lens, weak hand-eye coordination
and higher costs [42]. Next to the advantages reported by
the American Society of Anesthesiologists, Pieters et al. add
an important advantage to this list: the videolaryngoscopes
that use a Macintosh blade are multi-functional because
they can be used for DL as well. Although there are clear
advantages of VL, some recent comparative studies do not
demonstrate the superiority of VL over DL. Although the
laryngoscopic view is found to be better when using VL in
these studies, other parameters such as time to intubation,
failure rate and ease of use do not indicate a significant
difference between VL and DL [49] [50] [51] [52]. Nowa-
days, a videolaryngoscope is one of the standard devices
in the operating rooms of high-income countries and is the
superior device in difficult airway scenarios, especially for
the experienced practitioner [53]. However, its advantages
for the inexperienced practitioner and for routine airway
management have not been shown on a large scale yet [53].

IV. METHODS

The method of this review is twofold. On the one hand,
a literature search was performed to obtain a list of the
most used end-points in manikin studies performed over
the last ten years. On the other hand, an adverse event
data search was performed to obtain the most harmful
(video)laryngoscopy-related device problems that led to com-
plications that have been reported over the last ten years.
These complications consisted, on the one hand, of patient
problems in which the patient was harmed (such as death,
lacerations or hypoxia) and, on the other hand, of the problem
of not being able to intubate. In the events falling under
the problem of not being able to intubate, there was never
a patient problem because in all cases a back-up device
was used which ensured successful intubation. The events
wherein a back-up device was used but the intubation was
not successful leading to patient harm, therefore belong to
the patient problems. An overview of the method is depicted
in figure 6.

A scoping review was deemed most appropriate for this
literature study. Therefore, the reporting guidelines of the
PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-Analyses) extension for Scoping Reviews were fol-
lowed [25]. First, the method of searching and analyzing the
most used end-points will be highlighted, followed by that
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Fig. 6. Overview of the method used

of the adverse events data search to obtain device problems
that led to complications. Lastly, the method of linking the
device problems to the end-points will be elaborated.

A. End-points

1) Data sources and search strategy: The search strategy
used to find studies in which end-points were used for the
validation of videolaryngoscopes in a manikin study was
twofold. On the one hand, terms describing videolaryngo-
scopes were used and on the other hand, terms describing
manikin studies were used. Only those studies describing
both themes were eventually included for analysis. The
bibliographic databases that were searched to identify the
potentially relevant studies were MEDLINE and SCOPUS,
with a publication range of the last ten years. Search terms
were identified through an iterative process of scanning
reviews with a similar topic for synonyms for videolaryngo-
scopes and manikin studies and evaluating them with both
supervisors. The final search strings that were inserted in
MEDLINE and SCOPUS consisted of different keywords
describing all synonyms and can be found in table II in
Appendix A. The search string inserted in MEDLINE con-
tained an additional Medical Subject Headings (Mesh) term.
The search results were exported to Mendeley Reference
Manager and duplicates were removed. Subsequently, the
titles, abstracts and full-texts of the studies were sequentially
screened for potential exclusion.

2) Eligibility criteria: To be included in the review,
studies needed to fulfill certain requirements. The goal of
the study had to be the validation of a videolaryngoscope
and it had to be performed on a pediatric or adult manikin.

Therefore, studies were only included if the terms vide-
olaryngoscope and manikin were included in the title or
abstract. Studies containing synonyms of these words were
also included as can be seen in Appendix A. Moreover, the
date of publication had to be in the last ten years, the full-
text had to be available and written in English. No selection
was made based on the income level of the country where
the study was conducted. Therefore, all studies conducted
in high-, middle- and low-income countries were included.
Furthermore, both studies performed in and out-of-hospital
settings were included. Lastly, in the SCOPUS database,
studies were only included if they fell within the subject
areas of medicine, nursing and/or health professions. Studies
were excluded if the goal of the study was different from
the validation of videolaryngoscopes, the validation was not
performed by using a manikin, if a neonatal manikin was
used and if no clear end-points were stated in the study.

3) Data extraction: The data that was extracted from
the included studies was charted in a Microsoft 365 Excel
sheet. The data was sorted by the title, author, practitioner
experience and the end-points used. The end-points were
extracted from the full-text of the included studies.

4) Data analysis and synthesis: The extracted end-points
were interpreted and sorted within eight subject groups in-
cluding Time, View, Intubation Success, Number of Attempts,
Device Use, Monitoring, Force and Operator Variables. The
incidence of the end-points in every subject group was
counted and a graph of the results was presented. In addition,
the incidence of each end-point in the included studies was
counted and the results were presented in a graph.

B. Complications

As mentioned above, the search for the most harmful
device problems which led to complications was twofold
because complications exist of two different problems. The
first being the patient problems that led to patient harm and
the second being the problem of not being able to intubate
that did not lead to patient harm. The device problems were
obtained by extracting events in which patient problems or
the problem of not being able to intubate occurred. This
enabled the identification of both the device problems that
caused a patient problem and the problem of not being able
to intubate.

1) Data sources and search strategy: Two different
databases were used to search for the patient problems
and the problem of not being able to intubate which had
occurred while using a (video)laryngoscope. These included
the Total Product Life Cycle (TPLC) database of the U.S.
Food and Drug Administration (FDA) and the Database of
Adverse Event Notifications (DAEN) - medical devices of
the Australian Therapeutic Goods Administration (TGA). For
both databases, a rigid laryngoscope was used as the medical
device search term and a date range of the last ten years was
applied.

2) Eligibility criteria: For the selection of patient prob-
lems, data was only included if a patient problem was
stated. Therefore, events from the TPLC database with a



patient problem which was described as No Consequences Or
Impact To Patient, No Known Impact Or Consequence To Pa-
tient, No Patient Involvement, No Clinical Signs, Symptoms
Or Conditions, Insufficient Information, No Information or
Missing Value Reason were excluded. Events from the DAEN
with a patient problem that was described as No Injury were
also excluded.

For the selection of the problem Not able to Intubate, data
from the TPLC database was included if the patient problem
was described as No Consequences Or Impact To Patient,
No Known Impact Or Consequence To Patient, No Clinical
Signs, Symptoms or Conditions, Insufficient Information or
No Information. Data from the DAEN was included if the
patient problem was described as No Injury. If the inability to
intubate had caused patient harm, the data would be included
in the first data set.

3) Data extraction: Both data sets extracted from the
databases were charted in a Microsoft 365 Excel sheet. All
events were automatically sorted by report number, event
date, event type, manufacturer, date received, brand name,
device problem, patient problem and event text (describing
how the patient problem arose).

For the data set in which events were included wherein
patient problems were stated, the event text was read and
interpreted for correlation between the device and patient
problem(s). If it was concluded that the patient problem
was caused by the device problem(s), the event was selected
for analysis. Furthermore, if multiple patient problems were
reported in the same event, they were included separately.
Additionally, if multiple device problems were reported in
the same event, the event text was read and the most applica-
ble device problem was chosen. So, the data was interpreted
in such a way that every single patient problem reported in
an event was linked to one specific device problem, such that
the data could be handled and summarised.

For the data set in which events were included wherein no
patient problem was reported, the events in which intubation
was not possible and therefore a back-up device had to be
used were selected for analysis. The excel ‘find and replace’
dialogue box was used to identify these events by searching
for the following words in sequence: backup, back up, back-
up, delay, a different, another, 2nd, second, new device,
direct, add’l, tracheotomy, spare and replacing. So, event
texts containing one or more of these search terms were read
to verify if the problem of Not able to Intubate had occurred.
If so, the event was selected for analysis and duplicates were
removed.

4) Data analysis and synthesis: From the point when the
extracted data was analysed, the two data sets as described
in the previous step were merged and the problem Not
able to Intubate was handled equally to the separate patient
problems, from here together referred to as complications.
The incidence of all complications in the extracted data was
counted and the results were plotted in a graph. In addition,
for each complication was counted which device problems
and how often these device problems caused that particular
complication. The results were presented in a graph for each

complication separately. To identify the most harmful device
problems, not only the most common ones were investigated,
but the severity of the complications caused by the device
problems was also examined. To determine the severity, each
complication was graded by the Clavien-Dindo Classification
of Surgical Complications [54]. The grades were defined as
follows:

o Grade I: Any deviation from the normal postoperative
course without the need for pharmacological treatment
orsurgical, endoscopic, and radiological interventions.

e Grade II: Requiring pharmacological treatment with
drugs other than such allowed for grade I complications.

o Grade III: Requiring surgical, endoscopic or radiologi-
cal intervention.

e Grade IV: Life-threatening complication requiring
IC/ICU management.

o Grade V: Death of a patient.

The grades of each complication, together with their in-
cidence, were shown in a graph. Subsequently, the device
problems leading to these complications were given a score
to define their harmfulness. This ‘score of harmfulness’ of
each device problem was calculated as follows:

Score of harmfulness =SUM (Incidence of device problem
X Clavien-Dindo grade of complication)

So, the incidence of a device problem leading to a com-
plication was multiplied by the Clavien-Dindo grade of that
complication. Thereafter, all multiplied scores of that device
problem that led to different complications were summed
up. The ‘score of harmfulness’ of each device problem was
illustrated in a graph.

C. Linking the end-points to the device problems

Because the goal of this study was to gather, analyse
and select the most relevant end-points used to validate
videolaryngoscopes in manikin studies, the device problems
were linked to the end-points found in the literature. To
link these two, the device problems were first divided into
three categories according to whether the risk of this device
problem is assessed in the design process or has to be
assessed by a manikin study. The three categories were
defined as follows:

o Risk of device problem assessed in ISO standards: In-
cluded all device problems for which the risk is reduced
because of the ISO standards each newly developed
videolaryngoscope has to comply with. These standards
set out requirements that the videolaryngoscope must
fulfil before it can be put on the market. Because of
these requirements, tests must be carried out to prove
that the device complies and is technically safe. All the
device problems within this category are assessed by
ISO 60601 and ISO 7376.

o Risk of device problem assessed with manikin study:
Included all device problems which are not assessed by



an ISO standard and therefore must be assessed with a
manikin study.

o Insufficient information: Included the device problems
for which insufficient information was available to clas-
sify them into one of the above categories.

Only those device problems whose risk has to be assessed by
a manikin study were linked to the end-points. To make this
translation step, it was considered for each device problem
which combination of three end-points, from the list of end-
points found in literature, would best identify this device
problem in a manikin study. Subsequently, each chosen end-
point was given the ‘score of harmfulness’ of the device
problem it could identify. The selected end-points and their
composite scores of all the device problems they identify
were stated in a table.

V. RESULTS
A. End-points

1) Selection of sources of evidence: A total of 482 articles
were identified through searching the MEDLINE and SCO-
PUS databases. After duplicates were removed, 312 articles
were screened by title and abstract. As a result, 126 articles
were excluded and the remaining 186 full-text articles were
assessed for eligibility. Another 15 articles were excluded
after reading the full-text. The remaining 171 articles were
included for analysis. Thereafter, no more articles were
excluded. The PRISMA flow diagram illustrates the steps
described above and can be found in Appendix B.

2) Analysis: In total, 47 different end-points were used
in the 171 investigated studies and all were divided over
the subject groups: Time, View, Intubation Success, Number
of Attempts, Device Use, Monitoring, Force and Operator
Variables. The incidence of the end-points within these
subject groups is shown in figure 7.
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Fig. 7. Incidence of end-points within subject groups

The incidence of the 47 different end-points is presented
in the graph illustrated in figure 8. The graph depicted
shows the ratio between the incidence of each end-point
and the total number of studies analysed. The five most
frequently reported end-points were found to be: Successfull

intubation rate 754% (n=129), Time to intubation 50,9%
(n=87), Time to ventilation 50,3% (n=86), Laryngeal view
grade (CL) 47,4% (n=81) and Number of intubation attempts
37,4% (n=64). An explanation of all end-points and their
corresponding frequency rates and numbers can be found in
table III in Appendix C.

B. Complications

1) Selection of sources of evidence: For the selection of
device problems that resulted in patient problems, a total
of 263 events were identified through searching the TPLC
(n=237) and DAEN (n=26) databases. After screening the
event texts for correlation between the device and patient
problem, 211 events were included for analysis. For the
selection of device problems that resulted in the problem
of not being able to intubate a total of 1608 events were
identified through searching the TPLC (n=1589) and DAEN
(n=19) databases. After searching the events in which a back-
up device was used and reading the event texts to confirm that
the problem Not able to Intubate had occurred, 223 events
were included for analysis.

2) Analysis: The complications, directly resulting from
a laryngoscopy-related device problem, and their rates of
occurrence are summarised in figure 9. The five most fre-
quently reported complications were found to be: Not able
to Intubate (n=223), Death (n=25), Foreign Body in Patient
(n=24), Laceration(s) (n=24) and Low Oxygen Saturation
(n=24). All the device problems that led to the complications
were plotted and shown in Appendix D. In figure 10, the
Clavien-Dindo classification grade and the incidence of each
complication is depicted. In this graph, green represents low
impact and low incidence while red represents high impact
and high incidence.

Subsequently, all device problems leading to these patient
problems were given a score to define their harmfulness.
This ‘score of harmfulness’ was calculated by multiplying
the incidence of a device problem leading to a complication
by the Clavien-Dindo score of that complication and adding
up these multiplied scores of a device problem. The scores
of all device problems are illustrated in figure 11. A higher
score indicates a more harmful device problem.

C. Linking the end-points to the device problems

As depicted in figure 11, all device problems were divided
into three categories to determine which device problems
were relevant to measure in a manikin study. The device
problems Difficult to Advance, Poor Glottic View, Intuba-
tion Difficulty, Optical Obstruction, Inadequacy of Device
Shape and/or Size and High Resistance were included in
the category Risk of device problem assessed with manikin
study. These six end-points were each linked to three end-
points that would best identify the device problem in a
manikin study. Every end-point to which a device problem
was linked was given the ‘score of harmfulness’ of that
device problem. An overview of the selected end-points and
their composite score of all the ‘scores of harmfulness’ of
the device problems they identify is shown in table I.
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Fig. 11.  ‘Score of harmfulness’ of device problems
TABLE 1
END-POINTS WHICH BEST IDENTIFY THE DEVICE PROBLEMS
Difficult to Poor Glottic Intubation Optical Inadequacy of
. . puical Device Shape High resistance TOTAL
advance View Difficulty Obstruction .
and/or Size
Time to
intubation / 73 15 12 100
ventilation
Number of
intubation 73 15 1 89
attempts
Ease of
intubation 73 15 ! 89
Successful
intubation rate ) 12 6 63
Laryngeal view
grade (CL) / 45 12 6 63
(POGO)
Time to glottic 45 45
view
Device difficult 6 6
score
Potential
laryngeal 1 1

damage




VI. DISCUSSION

A. Summary of evidence

The aim of this study was to gather, analyse and select the
most relevant end-points used to validate videolaryngoscopes
in manikin studies published over the last ten years. As
explained, the relevance of the end-points was determined
by two factors: the incidence of the end-points in the studies
analysed and the number of device problems the end-points
could identify. Incidence was chosen as a factor because
standardised definitions of end-points and consistent use can
contribute to increasing the value of research [20]. Thus, the
more often an end-point is used in similar studies, the more
relevant the end-point is. However, it has been shown that the
most used end-points have not always been the most relevant
for patients [55]. Therefore, the number of device problems
the end-points could identify was used as a second factor. By
identifying the device-related problems for the most common
complications and translating these into the end-points, the
relevance to the patient was included. To combine these two
factors, the six device problems which were included in the
category Risk of device problem assessed with manikin study
were linked to the end-points found in literature, as shown
in table I. Ten of the 47 end-points found in the analysed
studies were linked to the six device problems. Of the ten
end-points, both Time to intubation and Time to ventilation
as well as Laryngeal view grade (CL) and Laryngeal view
grade (POGO) were linked to the device problems as a
pair because of their similarity. Depending on the number
of device problems that could be identified with an end-
point and the total score and incidence of the end-point, it
was decided which end-points are most relevant and will
be recommended for use in future manikin studies wherein
videolaryngoscopes are validated:

« Time to intubation/ventilation: Time to intubation and
Time to ventilation were used in 50,9% and 50,3% of
the analysed studies, respectively. Both end-points could
identify three device problems with a total score of
100. So, the relevance of both end-points is plausible.
Additionally, although both parameters are very similar,
they provide different insights. Because of this and the
similar incidence of both end-points, it was decided to
recommend both end-points for use in future manikin
studies.

« Number of intubation attempts and Ease of intu-
bation: Number of intubation attempts and Ease of
intubation were used in 37,4% and 31% of the analysed
studies, respectively. Both end-points could identify
three device problems with a total score of 89. Because
of their relatively high incidence and their high score
and amount of device problems they could identify, both
Number of intubation attempts and Ease of intubation
will be recommended for use in future manikin studies.

o Successful intubation rate: This end-point was used
in 75,4% of the analysed studies and it was considered

that it could identify three device problems with a total
score of 63. Therefore, Successful intubation rate will
be recommended for future manikin studies.

« Laryngeal view grade (CL)/(POGO): Laryngeal view
grade (CL) and Laryngeal view grade (POGO) were
used in 47.4% and 19,3% of the analysed studies,
respectively. Although it was considered that with both
end-points three device problems could be identified
with a total score of 63, Laryngeal view grade (CL)
was used more often and was therefore recommended
for use in future manikin studies. Moreover, unlike Time
to intubate and Time to ventilate, Laryngeal view grade
(CL) and Laryngeal view grade (POGO) do not have
added value to be measured separately as they hardly
provide any different insights because they measure the
same thing.

« Time to glottic view: Although Time to glottic view was
used in 26,3% of the analysed studies it was decided not
to recommend this end-point for use in future manikin
studies because it could only identify one device prob-
lem with a total score of 45. Moreover, the effect of a
deviation in Time to glottic view could be measured in
the end-points Time to intubation/ventilation which are
both recommended to be used in future studies.

o Device difficult score: This end-point was used in
25,1% of the analysed studies and it was considered
that it could only identify one device problem with a
total score of 6. As Ease of intubation quantifies the
difficulty of intubation, the Device difficult score will be
partly included in this end-point because a malfunction-
ing laryngoscope will make intubation more difficult.
Because this end-point is measured in a smaller number
of studies and it is expected that the Device difficult
score will partly be reflected in Ease of intubation, it
was decided not to recommend this end-point for use in
future manikin studies.

« Potential laryngeal damage: This end-point was only
used in 1,2% of the analysed studies. Moreover, it could
only identify one end-point with a total score of 1.
Because of the relatively low incidence, total score, and
amount of device problems this end-point could identify,
it was decided not to recommend this end-point for use
in future manikin studies.

B. Previous research

As previously indicated, Hinkelbein et al. established a
core outcome set (COS) that should be reported in future
videolaryngoscopy studies, which was partly based on clini-
cal trials [21]. According to the Core Outcome Measures in
Effectiveness Trials (COMET) Initiative, a COS is defined
as “an agreed standardised set of outcomes that should be
measured and reported, as a minimum, in all clinical trials
in specific areas of health or health care” [56]. Because the
current literature review also aims to define a minimum set
of outcomes that should be measured and reported, it will be
compared to the study of Hinkelbein et al. While the current
literature review identified 47 different end-points from the



171 studies analysed, Hinkelbein et al. identified 49 different
end-points from the 372 studies analysed.

According to Hinkelbein et al., the five end-points with the
highest incidence in studies analysed were Time to intuba-
tion (65.86%), Laryngeal view grade (44.89%), Successful
intubation rate (36.56%), Number of intubation attempts
(23.39%) and Complications (21.24%). This is partly con-
sistent with the five most-used end-points identified in the
current literature review. Remarkably, Time to intubation had
a 15% higher incidence compared to this review. This can
be explained by the fact that Hinkelbein et al. made no
distinction between different time-frames which were used
to measure Time to intubation. This review did make a
distinction: Time to intubation, in which the time is measured
until the ETT passes the vocal cords, and Time to ventilation,
in which the time is measured until ventilation is confirmed.
Moreover, Hinkelbein et al. made no distinction between
Laryngeal view grade (POGO) and (CL). However, the inci-
dence of Laryngeal view grade CL and/or POGO, reported
by Hinkelbein et al., was very similar to that of Laryngeal
view grade (CL), around 45%. For both Successful intubation
rate and Number of intubation attempts, incidence rates
were reported in the current review. However, the subject
group and end-point Complications reported by Hinkelbein
et al. was not used in the studies analysed in the current
review. Furthermore, seven different strength-related end-
points were reported in the studies analysed in the current
review but only two of these were reported in the studies
analysed by Hinkelbein et al. These differences can be
explained by the different types of studies analysed in both
reviews. In the current review, only manikin studies were
analysed and therefore the end-points were more focused
on the functioning of the device. Contrarily, in the review
by Hinkelbein et al. patients were involved in the analysed
studies resulting in more patient-related end-points.

Next to the reported incidence of the end-points identified
by Hinkelbein et al., a different approach was used by them
to obtain the most relevant end-points. Instead of searching
the most harmful device problems, Hinkelbein et al. used the
Delphi system to reach consensus on which six end-points
were most important to the patient, according to experts, and
therefore should be used in future studies. Remarkably, none
of the five end-points Hinkelbein et al. identified as having
the highest incidence were recognised by the Delphi-system
as having the highest relevance to the patient. Of the six end-
points which were selected through the Delphi-system, Time
to glottis view and Ease of intubation could identify several
device problems in the current study.

Lastly, Hinkelbein et al. suggested that 12 end-points
should be used in future videolaryngoscopy studies. These
existed of six end-points with the highest incidence and
six end-points with the highest relevance to the patient.
In the current review only six end-points are suggested to
be used in future manikin studies. This difference can be
explained by the fact that it seems that Hinkelbein et al. only
considered end-points in the Delphi-system that had not yet
been included in the six end-points with the highest inci-

dence. In other words, these 12 proposed end-points either
had a high incidence or were considered to be of utmost
importance to the patient, but none of them was chosen
because they possessed both factors. In the current review,
only those end-points that had both a high incidence and
could identify multiple device problems were recommended
for future manikin studies. Despite the differences described
above, five of the six recommended end-points in this study
are also included in the 12 end-points recommended by
Hinkelbein et al.

C. Limitations

An overview of the most relevant end-points used in
previous manikin studies is provided in this review. However,
the limitations of this review should be mentioned.

1) End-points: Of the 482 studies identified through
searching the MEDLINE and SCOPUS databases, only 171
were analysed due to the eligibility criteria applied. Fur-
thermore, the end-points extracted from the analysed studies
often had varying or unclear definitions. As a result, the
definition of the end-points in question had to be interpreted
to include them. This may have led to misinterpretations and
end-points being wrongly counted. Another limitation is that
only those studies in which a videolaryngoscope was vali-
dated were analysed. Therefore, end-points that were used to
validate direct laryngoscopes may not have been included but
could have been valuable. However, some studies comparing
videolaryngoscopes with direct laryngoscopes were included.

2) Complications: All complications were extracted from
two databases (TPLC and DEAN) which only covered
adverse events that had occurred in the U.S.A. and Aus-
tralia. As the end-points were taken from studies conducted
all over the world, the complications may not reflect the
relevance of these end-points because they only occurred
in two countries. Moreover, complications related to both
direct and videolaryngoscopes were included because the
databases made no distinction between them. However, the
majority of complications were caused by device problems
from videolaryngoscopes as can be seen by the type of device
problems that were common: No Display/Image and Erratic
or Intermittent Display. This can be explained by the fact
that problems occurring with a direct laryngoscope are less
often reported as device problems because the cause is less
obvious. For example, if a poor glottic view is obtained with
a direct laryngoscope, the cause is not a device problem but
rather the suitability of the device for the specific patient
or procedure. However, since there is no device problem, it
will not be reported. This may cause the amount and types
of reported patient problems to be distorted.

Another limitation is the misinterpretation of the event
texts of the patient problems, which may have caused wrong
decisions regarding the correlation between the device and
patient problems, and choosing the most appropriate device
problem if several were reported. In addition, if multiple
patient problems were reported in the same event, they
were included separately. However, this implies that a device
problem that led to multiple patient problems was included



several times, namely once for each patient problem. This
may have led to distorted results. Moreover, one of the
patient problems may have been the cause of another patient
problem instead of the device problem, which may also
have distorted the results. Surprisingly, looking at the results,
severe complications seem to occur more often than lighter
complications. For example, Death is the most common pa-
tient problem while Sore Throat or Tooth Injury are the least
common ones. These results are in contrast with the literature
wherein the most common patient problems resulting from
VL are found to be: injury to the soft palate, teeth, larynx,
tongue and retromolar trigone [57]. This contradiction can
be explained by the fact that severe patient problems may
be often reported by doctors, while for less severe patient
problems the effort to report is not always made. This too
could have led to biased results.

Furthermore, a maximum of 500 adverse events per com-
plication could be extracted from the TPLC database. There-
fore, not all events of the complications No Consequences
Or Impact To Patient, No Known Impact Or Consequence To
Fatient and No Clinical Signs, Symptoms or Conditions were
included for analysis. Using the ‘find and replace’ dialogue
box in excel to identify the events in which the problem Not
able to Intubate had occurred is another limitation. By using
the dialogue box to make a selection of the events for which
the event texts were read rather than reading every event
text, it is possible that some of these events were incorrectly
excluded. Besides, by reading the event texts and using these
texts to decide whether the problem Not able to Intubate had
occurred, misinterpretations may have been made resulting
in events being wrongly selected or excluded before analysis.
Moreover, the problem Not able to Intubate was classified
in the first grade of the Clavian-Dindo classification because
no patient problem had occurred. However, if a back-up
device could not have been used, or not quickly enough,
this problem could have led to serious complications. Nev-
ertheless, because the problem Not able to Intubate has a
high incidence, the device problems that led to this problem
have been given a relatively high ‘score of harmfulness’.

3) Linking the end-points to the device problems: Three
device problems in the category Risk of device problem as-
sessed in ISO standards were also the three device problems
with the highest ‘score of harmfulness’. However, due to the
category they were divided in, they were not linked with
the end-points found. Because the risk of these end-points
will not be assessed within a manikin study, it is strongly
recommended that any newly developed videolaryngoscope
should at least meet the ISO 60601 and 7376 standards.

The device problems in the category Risk of device prob-
lem assessed with manikin study were all linked to the three
end-points that together could most comprehensively map
this device problem. However, this step is subjective and
could therefore have led to biased results. Moreover, less
specific end-points (such as Time to intubation or Ease of
intubation) were chosen more frequently because specific
end-points (such as Light intensity or Selective bronchial
intubation) were less likely to be able to identify part of a

problem. Therefore, of the 47 end-points, only ten different
end-points were linked to the device problems. As a result,
six end-points were recommended for future manikin studies.
This small number simplifies the measurement of all six end-
points in future manikin studies.

VII. CONCLUSION

Even though a great number of manikin studies have
been conducted in the field of VL, the quality of these
studies is questionable. The low amount of participants, large
variety in end-points and the lack of standardised definitions
used in these studies makes it hard to find relevant and
comparable results [18]. Therefore, this review aimed to
gather, analyse and select the most relevant end-points used
to validate videolaryngoscopes in manikin studies published
over the last ten years. The end-points which are considered
most relevant and therefore will be recommended for use
in future manikin studies are: Time to intubation, Time to
ventilation, Successful intubation rate, Number of intubation
attempts, Laryngeal view grade (CL) and Ease of intubation.
These end-points were selected based on their high incidence
as well as relevance to the patient. Because standardised
definitions of end-points and consistent use can contribute to
increasing the value of research, the use of these end-points
is strongly recommended for those performing a manikin
study in the field of VL [20].
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APPENDIX

TABLE I
SEARCH STRINGS USED IN BIBLIOGRAPHIC DATABASES

Search Engine

Search Terms

Results (nr of studies)

MEDLINE

Date of access: 10-12-2021

(”Video laryngoscop*”’[TIAB] OR Videolaryngoscop*[TIAB] OR Video-laryngoscop*[TIAB]
OR VL*[TIAB])

AND

("Manikins”’[Mesh] OR Manikin*[TIAB] OR Mannequin*[TIAB] OR mannikin*[TIAB]

OR ”Patient Simulator”[TIAB] OR Training Model”’[TIAB] OR "Airway Trainer”’[TIAB]
AND

(y-10[Filter]) AND (fft[Filter]) AND (english[Filter])

201

SCOPUS

Date of access: 10-12-2021

(TITLE-ABS-KEY (”Video laryngoscop*” OR videolaryngoscop* OR video-laryngoscop*

OR VL) AND PUBYEAR >2010)

AND

(TITLE-ABS-KEY (Manikin* OR Mannequin* OR ”Patient Simulator” OR “Training Model”
OR ”Airway Trainer” OR Mannikin*) AND PUBYEAR >2010)

AND

(LIMIT-TO (PUBSTAGE, ”final”)) AND (LIMIT-TO(SUBJAREA, "MEDI”) OR
LIMIT-TO(SUBJAREA,”NURS”) OR LIMIT-TO(SUBJAREA, "HEAL”)) AND
(LIMIT-TO(LANGUAGE, “English”))

281
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TABLE II: Definition of End-points

Frequency of end-point use in stud-

Subject group End-point Definition Incidence ies analysed (%)
Time to intubation Time until the ETT passes the vo- 37 50.9%
cal cords
Time to ventilation Time until ventilation is confirmed 86 50.3%
Time Time to glottic view Tl_me until best glottic view is ob- 45 26.3%
tained
. Lo Time from best glottic view until
Tube insertion time the ETT passes the vocal cords 16 9-4%
. . Time until succeeded blocking of
Time to cuff blocking the tube’s cuff 1 0.6%
Time until bougie Time until bougie is correctly 1 0.6%
placed
The Cormack-Lehane (CL) system
- divides the view of the larynx ob-
Laryngeal view grade (CL) tained by (video)laryngoscopy into 81 41.4%
) 5 grades
View The Percentage Of Glottic Opening
Laryngeal view grade (POGO) (POGO) represents the portion of 33 19.3%
the glottis visualised
Number of glottic views obtained Amount of clear glottic views 2 1.2%
e . N . Whether or not the laryngeal inlet
Ability to visualize laryngeal inlet could be identified 2 1.2%
Subjective scoring of the quality of
Quality of visualization glottic view on a Likert-type scale 1 0.6%
(from 1 to 5)
The percentage of successful intu-
Successful intubation rate bations out of all intubations per- 129 75.4%
formed
The percentage of intubations that
First pass success rate are successful on the first intuba- 60 35.1%
. tion attempt
Intubation Success o ] bor of failed intub
Failed intubation he total number of fatled intuba- 53 31.0%
tions
The percentage of esophageal intu-
Esophageal intubation rate bations performed out of all intu- 35 20.5%
bations executed.
Reasons for unsuccessful intuba- | Reasons stated for failure of intu-
. . 14 8.2%
tion bation
Tracheal tube placement The number of - tracheal tubes 3 1.8%
placed
Recognized failed intubation The ngmber of intubation failures 3 1.8%
recognised by the operator
The number of intubations in
Selective bronchial intubation which the ETT is placed in one of 2 1.2%
the bronchi
The accuracy of the placement of
Intubation accuracy the ETT in the trachea measured 1 0.6%
by the location of the inflated cuff
Number of attempts | Number of intubation attempts Number of 1nt1%bat10n' attempts to 64 37.4%
first successful intubation
Ease of intubation Subjectlve ease of the whole intu- 53 31.0%
bation procedure
Device difficult score ﬁ:‘?e“we difficulty of the device 43 25.1%
The preference for one of the
Device preference (video)laryngoscopes according to 22 12.9%
the operator
Device Use Number of optimization maneuvers Amqunt of op timization maneuvers 14 8.2%
to aid tracheal intubation
. . Whether airway back-up devices
Use of airway back-up devices are used by the operator if available ? 3-3%
To what extent the operator would
Willingness to reuse in real life reuse the (video)laryngoscope in 5 2.9%

real life




Confidence in device use

How confident the user is dur-
ing intubation with the particular
(video)laryngoscope

2.9%

Ease of tube advancement

Subjective ease of insertion of the
ETT

1.8%

Ease of assembly

Subjective ease of assembly of the
(video)laryngoscope so that it is
ready to use

1.8%

Number of forward advances of
ETT

Number of times the ETT is moved
forward to insert the tube

1.8%

Light intensity

The brightness of the light
generated by the lamp of the
(video)laryngoscope

1.2%

Blade malpositioning

Incorrect placement of the blade
of the (video)laryngoscope in the
trachea

1.2%

Number of ETTs used

The number of ETTs used for suc-
cessful intubation

0.6%

Monitoring

Amount of aspirated fluid in the
lungs

Amount of fluid in the lungs after
intubation

1.2%

Desaturation less than 90%

Number of times the oxygen in the
blood is lower than 90%

0.6%

Median lowest SpO2 values

The lowest median value of oxygen
measured in the blood

0.6%

Force

Dental compression

Pressure exerted on the teeth dur-
ing the intubation procedure

48

28.1%

VAS of force exerted

Visual Analogue Scale
(VAS) of force exerted with
(video)laryngoscope on manikin

4.7%

Force exerted on tongue

Measured force exerted on tongue
of manikin during intubation pro-
cedure (N)

4.1%

Force exerted on maxillary incisors

The force exerted on the manikin’s
front teeth during the intubation
procedure (N)

2.3%

Potential laryngeal damage

Potential estimated damage to the
larynx during the intubation proce-
dure

1.2%

Peak force measured

The maximum force exerted on the
manikin during the intubation pro-
cedure (N)

1.2%

Epiglottis loading

The force exerted on the manikin’s
epiglottis during the intubation pro-
cedure (N)

0.6%

Operator Variables

Postural analysis

Analysis of the operator’s body po-
sition during the intubation proce-
dure

0.6%

Learning curve

The progress of the operator’s in-
tubating skills

0.6%

Number of gaze changes

Number of times the operator’s di-
rection of view changes during the
intubation procedure

0.6%
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Background Information

This master thesis was conducted on behalf of the developer of the Goodscope, Layco Medical Devices,
a Dutch startup that develops medical devices for low- and middle-income countries. At the start of this
research, a preliminary prototype of the Goodscope had been developed on which several tests had
been carried out [25]. However, to test the efficacy of the Goodscope, a more comprehensive study
was needed in which reality could be simulated as closely as possible. A manikin study was eventually
chosen to be the best setup for the evaluation of the prototype of the Goodscope used in this study. First
a literature study (see Appendix B) was performed in which the most relevant endpoints for a manikin
study evaluating a videolaryngoscope were determined. Because 171 manikin studies were analysed
for this literature study, knowledge in the field of designing such studies was gained. Therefore, from
these 171 manikin studies a top 18 was selected which were published in the journals with the highest
impact factors [2, 3, 4, 5, 6, 8, 10, 11, 13, 15, 16, 18, 19, 20, 21, 22, 23, 26]. The methods of these
studies were thoroughly analysed to form the basis of the first version of the research protocol.

While developing the research protocol, several medical centres were approached to participate
in this manikin study. The first centre that was the Reinier de Graaf Gasthuis in Delft. However, this
medical centre did not have a manikin on which a difficult airway could be simulated. Therefore, they
referred to the skills centre of the LUMC that incorporated a more advanced airway simulator, the
SimMan 3G. Next to the LUMC, more centres had to be included to reach a minimum of 48 participants.
These centres had to be in possession of a SimMan 3G, otherwise, the results of the different centres
were not consistent and could therefore not be merged. The Amsterdam UMC, UMCG, Erasmus MC,
and UMC Utrecht were approached for a possible collaboration. Although all were willing to participate,
only the UMCG and Amsterdam UMC had a SimMan 3G available for this manikin study and used the
GlideScope as their standard device.

After it became clear that the UMCG, Amsterdam UMC and LUMC were willing to collaborate in
this study, the method of the preliminary research protocol was tested by conducting a pilot study, as
described in section C.1. By conducting this pilot study, it became clear that several changes had to be
made which resulted in the final version of the research protocol used for this study, detailed in section
C.2. The rationale of the study design is detailed in section C.3.

Before the study could be carried out, ethical approval had to be obtained from the medical ethics
committee (METC Leiden, The Hague, Delft). To apply for this, several documents had to be provided,
including the research protocol, letter of informed consent (see section C.4), and the short questionnaire
used for this study (see section C.5). The final letter of approval from the medical ethics committee is
added in section C.6.
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C.1. Pilot Study

Prior to writing the final version of the research protocol for this study (see section C.2), a small-scale
pilot study was performed. This pilot study aimed to test the functioning of the preliminary research
protocol, as described in the methods section below, to determine whether the procedure was accurate
and to modify it when needed.

C.1.1. Methods

The pilot study was performed in the skills-lab of the Leiden University Medical Center (LUMC). Due
to time constraints, only four participants could be included. Although one of the inclusion criteria was
that all participants should have at least 2 years of intubation experience, one participant with less
than 2 years of experience was included. After a 5-minute introduction was given to the participants,
they had to perform at least one successful intubation with a Macintosh direct laryngoscope to become
acquainted with the SimMan 3G manikin. The manikin was placed on an operating table and a molton
and intubation pillow were placed underneath the head of the manikin to obtain a sniffing position, as
depicted in figure C.1. Because the prototype of the Goodscope had not yet been completed at the
time of the pilot study, only the GlideScope was used. Each participant performed tracheal intubation
with the GlideScope in two different airway scenarios on a high-fidelity manikin. The easy scenario was
defined as a normal airway and the difficult airway was defined as maximal tongue swelling. The order
of airway scenarios was randomized (www.random.org). Before the start of the intubation attempt the
manikin, laryngoscope blade, and ETT (7mm) were lubricated. Moreover, a stylet (Single-use Stylet
Large 0270-1005 — Verathon Inc.) was placed in the ETT before the start of the intubation attempt.
Optimisation manoeuvres such as the use of gum elastic bougie and BURP were not allowed.

The primary endpoint was time to successful intubation and the secondary endpoints were time to
glottic view, time to ventilation, number of intubation attempts, successful intubation rate, and ease of
intubation. For the time measurements, timing commenced when the tip of the GlideScope passed
the manikin’s teeth. Timing stopped when a view of the glottis was observed on the monitor, when
the ETT past the vocal cords, and when a capnographic waveform was observed for time to glottic
view, time to successful intubation, and time to ventilation respectively. A failed intubation attempt was
defined as any that lasted over 120 sec, esophageal intubation, or when the GlideScope was removed
from the manikin’s mouth and reinserted for another attempt before the intubation was successful.
Moreover, an observer indicated whenever pressure was exerted on the teeth by the participant. If so,
the GlideScope and (if applicable) the ETT had to be removed from the mouth of the manikin and the
intubation attempt had to start over. However, restarting the intubation attempt, because of exerting
pressure on the teeth, did not count as a failed attempt. Lastly, an assistant helped the participant with
the intubation by handing over the necessary tools and removing the stylet. No statistical analysis was
performed and all results are described as means.

Figure C.1: The sniffing position

C.1.2. Results
Three residents in anaesthesia and one anaesthetist were included in this pilot study. The raw data of
the pilot study is depicted in table C.1. The means of time to glottic view, time to successful intubation,
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and time to ventilation were 4.5, 12.5, 24.8 seconds respectively in the easy scenario and 10.8, 25.5,
39.3 seconds respectively in the difficult scenario. The successful intubation rate of the first attempt
was 100% in both the easy and difficult airway scenarios. Lastly, the intubation attempts performed
were scored as mean = 4.5 in the easy airway scenario and as mean = 3.75 in the difficult airway
scenario.

Participant # Time to glottic Time to success- Time to ventila- Number of intu- Ease of intuba-
view (s), mean ful intubation (s), tion (s), mean bation attempts, tion, mean
mean mean

Participant 1 - easy 3 20 36 1

Participant 1 - difficult 17 26 41 1

Participant 2 - easy 2 8 20 1

Participant 2 - difficult 4 12 26 1

Participant 3 - easy 5 12 24 1 5
Participant 3 - difficult 12 42 53 1

Participant 4 - easy 8 10 19 1

Participant 4 - difficult 10 22 37 1

Table C.1: Raw data of all endpoints

C.1.3. Discussion
The goal of this pilot study was to assess the functioning of the method of the preliminary research
protocol. Although the method worked well, there were some parts that worked less accurate. First of
all, the participants had difficulties holding the head of the manikin in the sniffing position as depicted
in figure C.1. Due to the low weight of the head of the manikin, the head bounced back into normal
position once the participant released the head to take the ETT from the assistant. After experimenting
with various combinations of the intubation pillow and the moltons, the manikin’s optimal posture was
obtained with only the intubation pillow underneath the head. So, it was decided to change this in the
research protocol. Second, because the manikin, the blade, and the ETT were lubricated before the
first intubation of every new participant, the GlideScope became too slippery to hold properly after the
second participant. Therefore, it was difficult to keep a grip on the GlideScope while intubating. As
a result, it was decided to just lubricate the airway of the manikin and clean all of the equipment for
every new participant. Third, BURP was applied and the stylet was bent by the participants to ease
the intubation process. However, in the 5 min introduction, it was stated that both were not allowed.
Therefore, special attention should be given in the 5 min introduction to the fact that the optimization
manoeuvres are not permitted. Fourth, because the intubation attempt had to start over each time
the participant touched the teeth of the manikin as indicated by the observer, some participants got
frustrated after having to start over several times. Although no problems arise from lightly touching the
teeth of a patient, applying pressure on them might cause damage. Because a manikin is not a true
representation of a human, the teeth are touched more rapidly and readily. Therefore, it was chosen
to change the research protocol and to allow the participants to touch the teeth of the manikin while
intubating. Nevertheless, they will be encouraged in the introduction to avoid touching the manikin’s
teeth as much as possible. Lastly, because the successful intubation rate of the first attempt was 100%
it was considered that the intubation procedure was too easy. Moreover, three of the four participants
were residents in anaesthesia with minimal videolaryngoscopy intubation experience, hence for the
more experienced anaesthetist it will be too easy as well. Therefore, in the research protocol, the
maximum intubation time of 120 seconds was lowered to 60 seconds. So, if intubation lasts longer
than 60 seconds, the intubation is reported as failed and the participant must start over. A duration of
60 seconds was chosen because specialists stated that if intubation lasts more than 60 seconds, they
frequently switch to a different intubation technique such as a gum elastic bougie, s-guide, etc.

Next to testing the preliminary research protocol, various difficult intubation scenarios were tested
on the manikin to see whether the proposed scenario would be the most realistic. Maximal tongue
swelling was found to be the most representative scenario since intubation was not too easy or difficult.
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Because next to the GlideScope also the Goodscope will be used in the final study, this pilot study
is not fully representative. However, since the purpose of this study was to test the functioning of the
method, much insight was gained.

C.1.4. Conclusion

This pilot study aimed to test the functioning of the method of the preliminary research protocol to de-
termine whether the procedure is accurate and, if required, to modify it. This pilot study was conducted
in the skillslab of the LUMC and four participants were included. All participants performed two intu-
bations with the GlideScope on the manikin in two different airway scenarios (easy and difficult) in a
randomized order. Intubation times were faster in the easy airway scenario compared to the difficult
airway scenario. However, the successful intubation rate was similar in both scenarios. The easy
airway scenario was given a higher ease of intubation score than the difficult scenario. Much insight
was gained into the functioning of the method and few adjustments were made. First, the manikin’s
position of the head was optimized by placing only an intubation pillow underneath the head. Second,
it was decided to only lubricate the airway of the manikin and to clean all the equipment for every new
participant. Third, it was chosen to allow the participants, although not recommended, to touch the
teeth of the manikin with the videolaryngoscope while intubating. Lastly, the maximum intubation time
of 120 seconds was lowered to 60 seconds. Besides these adjustments, the method was deemed to
be accurate and could be used for the research protocol of the manikin study.
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C.2. Research Protocol

This section details the final version of the research protocol as was provided to the Institutional Review
Board of the Leiden University Medical Centre and was used for the manikin study.
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SUMMARY

Introduction and Rationale: A new low-cost video laryngoscope (Goodscope) has been designed
specifically for Low- and Middle-Income Countries (LMICs), consisting of a handheld part with a
battery-operated camera and light source, to which various disposable blades can be attached. The
aim of this study is to evaluate the efficacy of the Goodscope compared with the GlideScope, both
featuring a hyperangulated blade design, when used by experienced anaesthetists, in a randomized
cross-over manikin study in a low and high difficulty level airway scenario. We hypothesize that the
intubation times, success rate and ease of intubation with the Goodscope will be non-inferior to the

GlideScope in a manikin setup.
Study design: This is a multi-centre randomized cross-over manikin study. Each participant will

perform tracheal intubation with two different videolaryngoscopes (GlideScope and Goodscope) in two
different airway scenarios on a high-fidelity manikin (Laerdal SimMan 3G).

Study population: The research population will be drawn from the department of anaesthesiology of
the LUMC, Amsterdam UMC, and UMCG. All participants will be anaesthetists/residents in
anaesthesia with a minimal intubation experience of 2 years.

Main study parameters/endpoints: The primary end-point is time to successful intubation, measured
from the moment the videolaryngoscope passes the manikin’s teeth until the endotracheal tube (ETT)
has visually passed the vocal cords. Secondary end-points are Time to glottic view, Time to
ventilation, Number of intubation attempts, Successful intubation rate and Ease of intubation

expressed on a 5-point Likert Scale.

NL 22.100 v1.0 24-03-2022
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1. INTRODUCTION AND RATIONALE

When patients undergo general anaesthesia (e.g. for surgical procedures) endotracheal intubation is
usually required to secure the airway and facilitate mechanical ventilation of the lungs. Most commonly
the endotracheal tube is inserted through the larynx/glottis under direct vision facilitated by a handheld
laryngoscope. However, it is shown that DL fails in approximately 6% of adult surgical patients.’
Although direct laryngoscopy (DL) remains the standard for routine endotracheal intubations,
videolaryngoscopy (VL) is becoming increasingly popular. Human trials have proven the benefits of
VLs with regard to a better view of the glottis, a reduction in the number of inadvertent oesophageal
intubations and higher intubation success rate.? 3 Unfortunately, current VLs were designed for use in
Western practice and are therefore expensive (costing between $5,000 and $10,000). They consist of
A) a handheld part which contains the actual (hyperangulated) blade of the laryngoscope and a
camera fitted to the tip of the blade, B) a costly display that can either be externally attached to a
mobile chart or built into the laryngoscope. Because components are not detachable, they cannot be
repaired or replaced if broken. Furthermore, the handheld parts of many VL devices are made of
single use materials, requiring a new device for each patient. This is a non-sustainable, environmental
unfriendly solution which imposes a large burden on natural resources. Even if multi-usage
components are being used, they are only suitable for Western cleaning protocols, which are primarily
based on autoclave cleaning. As a result, existing video laryngoscopes do not meet the needs,
budgets, and protocols of Low and Middle-Income Countries (LMICs). Consequently, only 46% of
LMIC hospitals have a VL, compared to 93% of High-income country hospitals.+ Therefore, a low-cost
video laryngoscope (Goodscope) has been developed specifically for LMICs. It consists of a handheld
part, which contains a battery-operated camera and light source, to which various disposable blades
can be attached. The Goodscope can be wirelessly connected to a smartphone/monitor on which an
intuitive interface application can be used for video view. The product has a modular design and
complies with the hospital cleaning protocols for LMICs.

The aim of this study is to evaluate the efficacy of the Goodscope compared with the GlideScope
((Verathon, Amsterdam) a VL that is commonly used across The Netherlands and the rest of Europe),
both featuring a hyperangulated blade design, when used by experienced anaesthetists, in a
randomized cross-over manikin study in a low and high difficulty level airway scenario. We
hypothesize that the intubation times, success rates and ease of intubation with the Goodscope will be
non-inferior to the GlideScope in a manikin setup. We chose a manikin study because the Goodscope
is a new device whose performance has not been examined in real life situations in patients
undergoing surgical procedures.

NL 22.100 v1.0 24-03-2022
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2. STUDY DESIGN AND POPULATION
2.1 Summary of Study Design

This is a multi-centre randomized cross-over manikin study. Each participant will perform tracheal
intubation with two different videolaryngoscopes (GlideScope and Goodscope) in two different
airway scenarios on a high-fidelity manikin (Laerdal SimMan 3G):

- Low difficulty: normal airway

- High difficulty: maximal tongue swelling

So, every participant will perform a total of four intubations. The order of use of the
videolaryngoscopes and the type of airway scenario will be randomized. The duration of the study
is estimated to be 15 min per participant and the study will be performed in the months March and
April of the year 2022. Written consent to participate in the study will be obtained from alll
participants and the data will be presented in an anonymous fashion without any ability to retrieve
the identity of the participants.

2.2 Study Population

The research population will be drawn from the department of anaesthesiology of the LUMC,
Amsterdam UMC, and UMCG. It is expected that the planned number of participants can be
recruited since an estimated total number of 200 anaesthetists/residents in anaesthesia are
employed in the above-mentioned medical centres. Of the 200 it is likely that at least 50% will be
willing to participate in this study which would be sufficient according to the sample size
calculation. Since the data will be presented in an anonymous fashion no sociodemographic data
of the participants will be gathered.

2.3 Inclusion Criteria
In order to be eligible to participate in this study, a participant must meet all of the following criteria:

- Participants must have at least 2 years of intubation experience

- The participant must be anaesthetists/residents in anaesthesia

2.4 Sample size calculation

The size of the study population was calculated with the formula for sample size calculation for
continuous outcome non-inferiority trialss:

n=f(a, B) x 2 x g"2/d"2
Because we want to show the non-inferiority of the Goodscope the null hypothesis is that the time to

successful intubation with the Goodscope is inferior to the GlideScope. The alternative hypothesis is
that the successful intubation time with the Goodscope is non-inferior to the GlideScope. A non-
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inferiority limit (d) of 10 sec was chosen by clinical experts to be the largest difference in successful
intubation time that is clinically acceptable. This limit was based on clinical expert advice rather than
on historical data as this is the first assessment of the Goodscope and therefore no historical data
exists °. Based on previous studies a standard deviation (o) of 15 sec in successful intubation time
was calculated by taking the standard deviation of the medians of intubation times as reported in
several comparable studies.” 8 ¢ © 1 2 314 However, as study populations and study designs differ
greatly this calculated standard deviation is rather an estimation and is expected to be smaller in a
single study. With these numbers, it was calculated that with a level of significance (a) of 0.05 and a
power (B) of 90%, a minimum of 39 participants are required to be 90% sure that the lower limit of a

one-sided 95% confidence interval will be above the non-inferiority limit of -10. However, because the

non-inferiority limit was not based on historical data and the standard deviation was not accurately
calculated it is chosen to include a minimum of 48 participants in this study to compensate for the
estimations made. In figure 1, the effect of the standard deviation and the non-inferiority limit on the
sample size is shown. Because 48 participants will be included, every randomized sequence

(easy/difficult airway and Goodscope/GlideScope) will be included twice such that a potential learning

effect can be analysed.
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3. INVESTIGATIONAL AND COMPARATOR PRODUCT

The investigational product used in this study is the Goodscope with a hyperangulated blade. This
is a newly designed innovative low-cost videolaryngoscope that meets the needs of LMICs. For
instance, this laryngoscope is more intuitive to use for inexperienced medical staff by shortening
the handle to reduce the force exerted on patients. Moreover, the Goodscope can be cleaned using
a number of different protocols and is wirelessly connected to a separate (smartphone) screen. The
comparator product is the GlideScope Spectrum single-use video laryngoscope that features a
hyperangulated blade design to improve laryngeal views and to reduce the lift force that is applied
on patients during intubation. 5 ¢

The GlideScope was selected as the comparator videolaryngoscope because it has proven

efficacy,” ® 1 is frequently used in Dutch hospitals, and is similar to the Goodscope in terms of use.

11
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4. METHODS

4.1 Study parameters/endpoints

4.1.1 Main endpoint

The primary end-point is time to successful intubation, measured from the moment the
videolaryngoscope passes the manikin’s teeth until the endotracheal tube (ETT) has visually
passed the vocal cords.

4.1.2 Secondary endpoints

The secondary end-points are:
- Time to glottic view
- Time to ventilation
- Number of intubation attempts
- Successful intubation rate
- Ease of intubation expressed on a 5-point Likert Scale

4.1.3 Other study parameters

Each participant in this study has a minimum of two years intubation experience. However, in
order to gain more insight into the effect of intubation experience on the results, the
intubation experience on patients of each participant will be noted by the investigator at the

end of the experiment. This will be noted as follows:
- less than 40 intubations
- between 40 and 80 intubations
- 80 intubations or more

4.2 Randomisation, blinding and treatment allocation

All participants will intubate the manikin a total of four times, using both devices in two different
airway scenarios:

- Low-difficulty Goodscope
- Low-difficulty GlideScope
- High-difficulty Goodscope
- High-difficulty GlideScope

The order in which the participants will intubate the manikin will be determined by using a
closed envelope technique. Each possible sequence of the four scenarios will appear twice in
the closed envelopes for a participant count of 48. If more than 48 participants are included in
this study they will be randomly assigned to a sequence. Before intubation, each participant
will pick an envelope with their intubation sequence without opening it. The investigator will
open the envelope and inform the participant with which device he/she has to start. However,
the participant will not be informed what the sequence of the airway scenarios will be to
reduce bias.

4.3 Study procedures

Before the beginning of the trial, every participant will receive a standardised, 5 min
demonstration by one of the investigators of both the GlideScope and the Goodscope. To

12
NL 22.100 v1.0 24-03-2022



Study protocol “Comparison of the Goodscope versus GlideScope for time to intubation in a
randomized crossover manikin study”

reduce learning curve effects, practicing with these devices before the attempts will not be
allowed. However, before starting the trial, each participant will be required to perform one
successful intubation in a normal airway scenario on the SimMan 3G manikin using a standard
Macintosh direct laryngoscope. This allows each participant to become acquainted with the
mannikin airway, which will be set in an easy difficulty level. Thereafter, each participant will
be randomised to a given difficulty level and intubation device. For this study, the SimMan 3G
manikin will be used which is proven to be a high-fidelity manikin with good anatomical
proportions of the oral cavity.2° The head of the mannikin will be placed on an intubation pillow
in the standardized ‘sniffing’ position that is routinely used for intubation. Before each new
participant, the airway of the manikin will be lubricated and the videolaryngoscope blade and
the ETT (7 mm parker flextip) will be cleaned to avoid slipperiness. For both
videolaryngoscopes the use of a stylet (Verathon Single-use Stylet Medium) is necessary
because of the hyperangulation of the VL blades. Therefore, the stylets will be placed inside
the ETT before the start of the trial to shape the ETT to the pre-desired form. The curve of the
stylet may not be altered by the participants because the manufacturer has already bent it into
the desired form. If the stylet becomes bent due to repeated handling, a new one will be used.
Other optimisation manoeuvres such as application of external laryngeal pressure and the use
of gum elastic bougie will not be allowed. The intubation procedure will start from the moment
the videolaryngoscope passes the manikin’s teeth and ends when ventilation is confirmed. In
all four scenarios all primary and secondary end-points will be measured. These will be
determined as follows:

- Time to glottic view: measured with a stop-watch by the investigator from the moment
the videolaryngoscope passes between the manikin’s teeth until a view on the vocal
cords is obtained. The observer will indicate when to start and stop timing.

- Time to successful intubation: measured with a stop-watch by the investigator from
the moment the videolaryngoscope passes between the manikin’s teeth until the ETT
has visually passed the vocal cords. The observer will indicate when to start and stop
timing.

- Time to ventilation: measured with a stop-watch by the investigator from the moment
the videolaryngoscope passes between the manikin’s teeth until ventilation is
confirmed by observing a consistent capnographic waveform. The observer will
indicate when to start and stop timing.

- Number of intubation attempts: The total number of intubation attempts needed to
obtain a successful intubation is counted by the investigator. A failed intubation
attempt is defined as either oesophageal intubation, any that lasted over 60 seconds,
or where the device was removed from the manikin’s mouth and reinserted for
another attempt. More than three intubation attempts are not reported individually but
as “four intubation attempts or more”.

- Successful intubation rate: The rate of successful intubations is defined as the
percentage of intubations that is successful in each attempt. For every attempt, the
investigator reports if the intubation was successful. If all data has been gathered, the
successful intubation rate can be calculated per number of attempts by dividing the
total number of successful intubations over the total number of intubations performed
by all participants in that intubation attempt.

- Ease of intubation: If intubation was successful, the participant is asked to give a
score according to the average ease of intubation of all intubation attempts with that
particular videolaryngoscope in combination with the specific airway scenario. This

13
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score is given according to a 5-point Likert scale (1 = very easy, 2 = easy, 3 =
moderate, 4 = difficult, 5 = very difficult).

For the end-points time to glottic view, time to intubation, time to ventilation, and ease of

intubation only the data obtained from a successful intubation will be included in the
study.

4.4 Withdrawal of individual subjects

Subjects can leave the study at any time for any reason if they wish to do so without any

consequences. The investigator can decide to withdraw a subject from the study for urgent
medical reasons.

14
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5. SAFETY REPORTING

Because the nature of this study is a manikin study and therefore no patients participate in this study,
there are no risks of adverse events.

15
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6. STATISTICAL ANALYSIS

Results will be analysed using IBM SPSS Statistics version 27. For all variables, missingness will be
tabulated and reported. For continuous variables, normality and outliers will be analysed and reported.
It is expected that outcomes from the same participant will be more similar than outcomes from
different participants and they are not expected to be independent of one another. Prior to applying the
statistical test to the continuous data, it will be checked for normality.

6.1 Primary endpoint: Time to intubation

The primary outcome parameter, time to intubation measured in seconds, is a continuous parameter
and will be presented quantitatively by median and inter-quartile range (IQR). If data is not normally
distributed, this parameter will be analysed using the Wilcoxon Signed-rank test. However, in case of
normal distribution it will be analysed using a paired t-test.

6.2 Secondary endpoints: Time to glottic view, time to intubation, Number of intubation

attempts, Successful intubation rate and Ease of intubation.

Secondary parameters exist of both continuous (Time to glottic view and Time to intubation) and
integer / proportion (Number of intubation attempts, Successful intubation rate and Ease of intubation)
parameters. Continuous data will be analysed using the Wilcoxon Signed-rank test if the data is not
normally distributed and the data will be analysed using the paired t-test if the data is normally
distributed. Integer data / proportions will be analysed using the Chi square test. The results will be
summarized by median and inter-quartile range for each parameter. The difference between groups
will be presented as a ratio. Successful intubation rate is the only parameter that needs to be
calculated after the experiment is executed, all other parameters do not need further calculation. The
successful intubation rate will be calculated per number of intubation attempts. For example, the
success rate of the first intubation attempt will be calculated as follows:

Successful intubation rate of first attempt (%) = (Total number of successful intubations performed in
the first attempt) / (Total number of first attempt intubations performed) * 100

6.3 Bias

No unforeseen bias is to be expected.

16
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7. ETHICAL CONSIDERATIONS

7.1 Regulation statement
The study will be conducted according to the principles of the WMA Declaration of Helsinki (2013) and
in accordance with the Medical Research Involving Human Subjects Act (WMO). Considering that this
study is not a medical scientific study and does not subject individuals to actions or impose rules of

conduct on them.

7.2 Recruitment and consent

Written consent to participate in the study will be obtained from all participants prior to the start of the
study by the investigator through an informed consent form. This form will provide information about
the study including an opening statement which will outline the purpose of the research and what
participants will do. Each form will be signed by the investigator and the participant prior to the

experiment.

17
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8. ADMINISTRATIVE ASPECTS, MONITORING AND PUBLICATION

8.1 Handling and storage of data and documents
All data will be collected in the electronic data capture system Castor (2022). Only the project
leader and principal investigator will have access to the source data and all data will be stored for

15 years. Because no personal identifiable information is collected from the participants and all
data will be stored anonymously, the subject’s privacy is protected.

18
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9. STRUCTURED RISK ANALYSIS

Because the nature of this study is a manikin study and therefore no patients participate in this study,
there are no risks involved.
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C.3. Study Design Rationale

In this section, a rationale will be given for the choices made regarding the final study protocol and
design.

C.3.1. Aim and Hypotheses of the Study

The extensive experimental tests that were performed on the Goodscope’s predecessor [25], showed
promising results. However, the prototype of the Goodscope, used in this manikin study, has under-
gone several design changes compared to the version evaluated by Straathof. Among which the most
important being a hyperangulated blade instead of a conventional Macintosh blade. Hence, further
evaluation of the Goodscope was needed. Not only an evaluation of the basic components of the
Goodscope such as the light, camera and field of view, but also on the efficacy of the Goodscope
in clinical practice. Therefore, the aim of this study was to evaluate the efficacy of the Goodscope
compared to the GlideScope.

Because the Goodscope has advantages over currently available standard videolaryngoscopes, in
terms of costs and reusability rather than in terms of efficacy, a non-inferiority design was deemed
appropriate [7]. Therefore, the hypothesis of this study was that the efficacy of the Goodscope will be
non-inferior to the GlideScope.

C.3.2. Randomised Crossover Manikin Study

This study incorporated a crossover design since, following the sample size calculation of n = 48, it
was not considered feasible to include double the number of participants. Because of the crossover
design, participants intubated the same manikin five times, one time with the Macintosh laryngoscope
and two times with both the Goodscope and the GlideScope, which may have led to learning curve
effects. To minimise these effects, all participants were randomly assigned to an intubation sequence
(1: Goodscope - easy scenario, 2: Goodscope - difficult scenario, 3: GlideScope - easy scenario and
4: GlideScope - difficult scenario) using block randomisation. Since 24 different intubation sequences
could be generated, every sequence was included at least twice.

Because the efficacy of the Goodscope could not be tested in clinical practice on patients due to
certification constraints, a manikin study was found to be the most realistic alternative. Extra attention
was given to using a realistic airway model. Therefore the SimMan 3G was chosen on which, next
to the normal airway, several difficult airway scenarios can be simulated. When only the easy airway
scenario (the normal airway of a manikin) would be included, the results were not expected to provide
sufficient insight since all participants were experienced with videolaryngoscopy. Therefore, next to the
easy scenario, a difficult scenario had to be included. Because literature suggests that tongue swelling
substantially increases the intubation difficulty in comparison to other simulated difficult airways [14],
and maximal tongue swelling was found to be the most realistic scenario in the pilot study, it was chosen
as the difficult airway scenario in this study. The SimMan 3G was chosen for this study since tongue
swelling could be simulated and it was found to be an acceptable realistic airway model [9, 12]. Due
to the sample size, multiple medical centres had to be included in this study. Because equal intubation
experience of the participant group in the study design had to be ensured, only medical centres that
used the GlideScope as their standard videolaryngoscope and that had a SimMan 3G manikin could be
included. Eventually, the LUMC, Amsterdam UMC and UMCG were found to meet both requirements
and were therefore included.

C.3.3. Participant group

The Goodscope is primarily designed for LMICs in which fewer clinicians are familiar with videolaryn-
goscopy. However, in this study, the Goodscope was evaluated by experienced users only. This group
of participants was chosen because, in this first evaluation of the Goodscope, the goal was to demon-
strate the efficacy of the Goodscope. If less experienced participants were included, there would be a
risk that the emphasis would be on the participants’ experience rather than on the efficacy of the video-
laryngoscope. To ensure the same level of experience among all participants, they were only included
if they were anaesthetists or residents in anaesthesia with a minimal clinical intubation experience of 2
years. Although anaesthesia assistants frequently have extensive experience with direct laryngoscopy,
they were not included in this study since their experience with videolaryngoscopy is not as compre-
hensive as for anaesthetists and residents in anaesthesia. Based on clinical expert advice, a minimal
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clinical intubation experience of 2 years was chosen since residents in anaesthesia were expected to
be sufficiently experienced after 2 years.

C.3.4. Protocol

After testing the first version of the research protocol in the pilot study it was evident that a clear intro-
duction to the research protocol was desired since the participants undertook various actions that were
not permitted by the preliminary research protocol (see section C.1). Therefore, a standardised intro-
duction of 5 minutes was given to each participant after they had picked a sealed envelope containing
their intubation sequence and signed the informed consent form (see section C.4). This introduction
included the following:

» The reason for this study: In this study, we want to evaluate the efficacy of the Goodscope com-
pared to the GlideScope.

» What was expected from them: You are going to intubate the manikin four times, two times with
the Goodscope and two times with the GlideScope. The order in which you are going to intubate
the manikin is in the sealed envelope you just picked. The executive investigator will tell you
when you may use which device.

» The goal of the intubations: The goal is to successfully intubate the manikin as if it were a patient.

So, it is important to be especially careful not to apply too much force to the teeth to keep the

intubation as realistic as possible.

When to start/stop the intubation: You can start intubating the manikin if the executive investigator

indicates it. However, you may already hold the videolaryngoscope in your hand. The intubation

stops when ventilation is confirmed by observing a consistent capnographic waveform on the
monitor.

» When the participant had to start over: A few situations may occur in which the intubation has to
start over. If the executive investigator indicates this, you are asked to remove the videolaryngo-
scope and ETT (if applicable) from the mouth of the manikin and to prepare for a new intubation
attempt. You are asked to start only when the executive investigator indicates it.

* What was allowed and what was not allowed during intubation: You are allowed to intubate the
manikin as if it were a patient with help of an assistant who will aid you during the intubations.
The assistant will hand you all necessary materials and will remove the stylet from the ETT when
you indicate so. You may alter the position of the manikin’s head throughout the entire intubation.
However, the intubation pillow must remain underneath the head of the manikin. You are not
allowed to use any additional optimisation manoeuvres, such as BURP or a bougie and no one
(except for the assistant) can help you during the intubation. The stylet inside the ETT is bent into
the optimal shape and therefore you are not allowed to manipulate the angle of the stylet.

* What happened after each intubation: After ventilation is confirmed, you are asked to grade the
ease of the intubation according to a 5-point Likert scale in which 1 = very easy, 2 = easy, 3 =
moderate, 4 = difficult, 5 = very difficult.

* A closing note: Before we start with the experiment you are asked to intubate the manikin one
time using a direct Macintosh videolaryngoscope to get used to the manikin.

It was chosen to allow each participant to practice intubation one time using a direct Macintosh laryn-
goscope in order to give each participant a fair chance of getting used to the anatomy of the manikin
without getting accustomed to both videolaryngoscopes.

As recommended by the manufacturer of the SimMan 3G, lubricant was used to reduce the friction
in the airway of the manikin. Because it was found in the pilot study that little cleaning of the materials
in combination with using too much lubricant caused the devices to become slippery, it was chosen to
solely lubricate the airway of the manikin and to clean all equipment before each new participant.

The manikin was placed in the sniffing position since this is the standard position used in the included
medical centres. This position is commonly recommended and found to lower the intubation difficulty
in predicted difficult airways [24, 1]. Extra attention was given to not exerting much force on the teeth
of the manikin since it was observed in the pilot study that the flexible teeth of the manikin deformed
if force was exerted on them. It was expected that in reality, clinicians are more careful with the teeth
since there is a chance to break them. To keep the simulation close to reality, dentures with rigid teeth
were used instead of flexible teeth used in the pilot study. Instead of not allowing the participants to
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touch the teeth, participants were told in the introduction to avoid exerting force on the teeth of the
manikin, since it was found in the pilot study that not allowing them to touch the teeth was frustrating.

An assistant aided the participants during the intubations since this is the standard intubation pro-
cedure in all medical centres included. To reduce the chance of deviating results, the same assistant
aided all participants.

C.3.5. Materials

During the preparations for this manikin study, the design of the prototype of the Goodscope changed.
The most important design change made, is the switch from a conventional Macintosh blade design to
a hyperangulated blade design. This change was initiated in the first meetings with the LUMC about
the manikin study since clinical experts of the LUMC indicated that they would recommend a hyperan-
gulated blade design. However, it was not clear if this meaning was broadly supported. Therefore, a
questionnaire was sent to the Erasmus MC, LUMC, Reinier de Graaf Gasthuis, Amsterdam UMC and
UMCG regarding the preference of the blade type of a videolaryngoscope. Of the 74 anaesthesiologists
who completed the questionnaire, 62% indicated that a hyperangulated blade would be their primary
choice (see figure C.2).
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=7 700
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Figure C.2: Count of the question: ’If you could choose one blade for a video laryngoscope, which would it be?’

Although hyperangulated blades are mainly recommended for difficult airways [27], this question-
naire suggested that anaesthesiologists think that it can be more broadly used. As a result, the design
of the Goodscope has been changed to a hyperangulated blade design. The final prototype design
used in this manikin study is depicted in figure C.3.

Figure C.3: Prototype of the Goodscope used in this study with blade attached (A) and detached (B)

Both the Goodscope and the GlideScope were connected to their own monitor on which the video
was streamed. The GlideScope was connected via a string whereas the Goodscope was wirelessly
connected. The type and size (7.5 mm) of the ETT used in the study were chosen because of availability
in the medical centres. A rigid stylet was used instead of a single-use stylet because it is less flexible
and, therefore, maintained the desired shape. An overview of all materials used in this study is detailed
in figure C.4.
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Figure C.4: An overview of the materials used in this study

C.3.6. Measurements

The endpoints used in this manikin study were selected on the basis of the literature study that was
performed. However, in this literature study, no recommendations were given on which endpoint should
be used as the primary endpoint. Since the power of the study is calculated based on the primary
endpoint, it is desirable that the primary endpoint addresses the aim of the study [17]. According to
the literature study, time to intubation/ventilation was found to best identify the device problems of
videolaryngoscopes and therefore address the aim of this study. Based on clinical expert advice, time
to successful intubation was eventually chosen as the primary endpoint.

The definitions of the endpoints used were based on previous studies and on clinical expert advice.
Several definitions were adapted in response to the pilot study. The starting point of all time mea-
surements, the blade passing the teeth of the manikin, was chosen because it was expected that this
definition would include the least effects on participant behaviour. Time to glottic view was measured
until the vocal cords were observed by the executing investigator, similar to the definitions of the major-
ity of studies in the top 18. Time to successful intubation stopped when the ETT had passed the vocal
cords. This was based on clinical expert advice rather than on the definitions of the studies in the top
18 since only 4 of the 12 studies that included time to successful intubation used the same definition.
The first inflection of the capnographic waveform was defined as the end of time to ventilation since
this was advised to be the most secure way of confirming ventilation. A failed intubation was defined
as esophageal intubation, an intubation that lasted longer than 60 sec or the participant removing the
videolaryngoscope from the manikin’s mouth and reinserting it for another attempt before the ETT had
passed the vocal cords. A time limit of 60 sec was chosen because clinical experts indicated that they
would switch to another device if intubation was not completed after 60 sec. Moreover, as described
in the pilot study, primarily a time limit of 120 sec was chosen. However, this was found to be too easy
for the participants.

C.3.7. Statistics

The sample size calculation was performed based on expert advice from the statistical help desk of the
TU Delft and from a statistician of the Biomedical Data Sciences department of the LUMC. Because the
formula used for this sample size calculation was based on approximations of the normal distribution,
the standard deviation was included in the formula. However, the majority of the studies that reported
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the time to successful intubation with the GlideScope used the median and the IQR instead of the mean
and the standard deviation. Therefore, it was chosen to use the standard deviation of the medians
found in these studies since no other data was available. Because the sample size calculation was an
estimation, the minimum of participants for this study was increased to 48 participants.

The final version of the research protocol indicated that the data obtained from the categorical
parameters (number of intubation attempts and ease of intubation) would be analysed using the Chi-
square test. However, since these parameters were ordinal, the Wilcoxon Signed Ranks Test was used
instead.
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Proefpersoneninformatie voor deelname
aan medisch-wetenschappelijk onderzoek

Vergelijking van de Goodscope versus GlideScope
Officiéle titel: Vergelijking van de Goodscope versus GlideScope voor tijd tot intubatie in een
gerandomiseerd cross-over mannequin onderzoek.

Inleiding

Beste Deelnemer,

Met deze informatiebrief willen we u vragen of u wilt meedoen aan medisch-wetenschappelijk
onderzoek. Meedoen is vrijwillig. Als u wilt meedoen, kunt u het toestemmingsformulier
invullen dat u vindt in bijlage B. We willen eerst weten of u geschikt bent om mee te doen. Als
u de volgende vragen met ja kunt beantwoorden bent u geschikt om deel te nemen aan dit
onderzoek:

- Bent u anesthesioloog of anesthesist (in opleiding)?

- Heeft u een minimale intubatie ervaring (op patiénten) van 2 jaar?

1. Algemene informatie

U wordt uitgenodigd om deel te nemen aan een onderzoek genaamd “Comparison of the
Goodscope versus Glidescope for time to intubation in a randomized crossover manikin
study”. Dit onderzoek wordt uitgevoerd door Roos Wiltink van de TU Delft, Dr. C. Martini van
het LUMC en Prof. Dr. J. Dankelman van de TU Delft.

2. Wat is het doel van het onderzoek?

Het doel van deze studie is de tijd tot succesvolle intubatie te evalueren van een nieuwe
low-cost videolaryngoscoop in vergelijking met de GlideScope in een gerandomiseerde
cross-over mannequinstudie in luchtwegscenario’s van verschillende moeilijkheidsgraad.

3. Wat is de achtergrond van het onderzoek?

Huidige videolaryngoscopen zijn ontwikkeld voor de westerse medische wereld en zijn
daardoor prijzig (rond de $15.000). Deze videolaryngoscopen hebben vaak een kostbaar
beeldscherm geintegreerd in de laryngoscoop, onderdelen zijn niet demonteerbaar en het
materiaal is vaak niet geschikt voor westerse schoonmaakprotocollen waardoor de apparaten
vaak single-use zijn. De bestaande videolaryngoscopen sluiten daardoor niet aan op de
behoeften, budgetten en protocollen van Low Middle Income Countries (LMIC’s) waardoor
slechts 46% van de ziekenhuizen in LMIC over een videolaryngoscoop beschikt, in
tegenstelling tot 93% van de ziekenhuizen in High Income Countries (HIC’s). Daarom is de
Goodscope ontwikkeld, een herbruikbare low-cost videolaryngoscoop.
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4. Hoe verloopt het onderzoek?

Doet u mee met het onderzoek? Dan duurt dat in totaal ongeveer 15 min.

Voordat u begint aan het intuberen van de mannequin zal gevraagd worden hoeveel
intubaties u in totaal op patiénten hebt uitgevoerd. Vervolgens zal u gevraagd worden om de
mannequin in totaal vier keer te intuberen (twee keer met zowel de GlideScope als de
Goodscope in verschillende moeilijkheidsgraden) op dezelfde wijze als u een patiént zou
intuberen. Loting bepaalt in welke volgorde u deze vier intubaties zal uitvoeren. Tijdens het
intuberen zal de onderzoeker verschillende parameters meten. Na elke succesvolle intubatie
zal gevraagd worden hoe u het gemak van de intubatie zou scoren op een 5-punts schaal.

5. Wanneer stopt het onderzoek?

Als alle onderzoeken voorbij zijn stopt het onderzoek. Als u zelf wilt stoppen met het
onderzoek mag dat op ieder moment. Meld dit dan meteen bij de onderzoeker. U hoeft er niet
bij te vertellen waarom u stopt. Ook als de onderzoeker het beter vindt voor u om te stoppen
kan het onderzoek vroegtijdig voor u afgebroken worden.

6. Wat doen we met uw gegevens?

De verkregen data zal anoniem verzameld worden. Ook zal er geen persoonlijke of tot op de
persoon herleidbare data verzameld worden. De data zal gebruikt worden voor een
afstudeeronderzoek van de TU Delft en een eventuele toekomstige publicatie.

7. Krijgt u een vergoeding als u meedoet aan het onderzoek?

U krijgt geen vergoeding als u meedoet aan dit onderzoek.

8. Heeft u vragen?
Vragen over het onderzoek kunt u stellen aan Roos Wiltink of Chris Martini. Wilt u advies van
iemand die er geen belang bij heeft? Ga dan naar Remco Zoethout.

9. Hoe geeft u toestemming voor het onderzoek?

Wilt u meedoen? Dan vult u het toestemmingsformulier in dat u bij deze informatiebrief vindt.
U en de onderzoeker krijgen allebei een getekende versie van deze toestemmingsverklaring.

Dank voor uw tijd.
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Bijlage A: contactgegevens

Uitvoerende onderzoeker

Naam: Roos Wiltink

Tel: +316 830 45 847

Mail: r.w.wiltink@student.tudelft.nl

Hoofdonderzoeker

Dr. C. Martini

Tel: +31 71 529 8903
Mail: c.h.martini@lumc.nl

Onafhankelijk onderzoeker
Dr. Remco Zoethout

Tel: +31 71 529 8646

Mail: r.w.m.zoethout@Ilumc.nl

Bijlage B: toestemmingsformulier proefpersoon
Behorende bij: Vergelijking van Goodscope versus GlideScope

Ik heb de informatiebrief gelezen. Ook kon ik vragen stellen. Mijn vragen zijn goed
genoeg beantwoord. Ik had genoeg tijd om te beslissen of ik meedoe.

Ik weet dat meedoen vrijwillig is. Ook weet ik dat ik op ieder moment kan beslissen
om toch niet mee te doen met het onderzoek. Of om ermee te stoppen. Ik hoef dan
niet te zeggen waarom ik wil stoppen.

Ik geef de onderzoekers toestemming om mijn gegevens te verzamelen en
gebruiken. De onderzoekers doen dit alleen om de onderzoeksvraag van dit
onderzoek te beantwoorden.

Ik weet dat voor de controle van het onderzoek sommige mensen al mijn gegevens
kunnen inzien. Die mensen staan in deze informatiebrief. Ik geef deze mensen
toestemming om mijn gegevens in te zien voor deze controle.

Ik wil meedoen aan dit onderzoek.

Mijn naam is (proefpersoon): ..................
Handtekening: ...........................

Datum : [/ |/

Ik verklaar dat ik deze proefpersoon volledig heb geinformeerd over het genoemde

onderzoek.
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Vragenlijst voor vergelijking van de Goodscope
versus GlideScope

Deze vragen zullen door de onderzoeker verbaal gesteld worden aan de participant.
Vraag 1 zal gesteld worden voordat de participant begint met intuberen:

1. Wat is het aantal intubaties dat u in totaal in uw werkende leven heeft uitgevoerd op
patiénten?

A. Minder dan 40
B. 40 tot 80
C. 80 of meer

Vraag 2 zal na elke succesvolle intubatiepoging met de verschillende combinaties van
videolaryngoscoop en luchtwegscenario gesteld worden:

2. Hoe gemakkelijk heeft u alle intubatiepogingen tot en met de succesvolle
intubatiepoging ervaren met de desbetreffende videolaryngoscoop in combinatie met
het luchtwegscenario op een schaal van 1 tot 5? Waarin 1 erg makkelijk is en 5 erg
moeilijk?

Erg makkelijk
Makkelijk
Gemiddeld
Moeilijk

Erg moeilijk

arwnNpE
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