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Objective. To compare novice clinicians’ performance using GlideScope videolaryngoscopy (GVL) to direct laryngoscopy (DL).
Methods. This was a prospective, randomized crossover study. Incoming pediatric interns intubated pediatric simulators in four
normal and difficult airway scenarios with GVL and DL. Primary outcomes included time to intubation and rate of successful
intubation. Interns rated their satisfaction of the devices and chose the preferred device. Results. Twenty-five interns were included.
In the normal airway scenario, there were no differences in mean time for intubation with GVL or DL (61.4 versus 67.4 seconds,
𝑃 = NS) or number of successful intubations (19 versus 18, 𝑃 = NS). In the difficult airway scenario, interns took longer to intubate
with GVL than DL (87.7 versus 61.3 seconds, 𝑃 = 0.018), but there were no differences in successful intubations (14 versus 15,
𝑃 = NS). There was a trend towards higher satisfaction for GVL than DL (7.3 versus 6.4, 𝑃 = NS), and GVL was chosen as the
preferred device by a majority of interns (17/25, 68%). Conclusions. For novice clinicians, GVL does not improve time to intubation
or intubation success rates in a pediatric simulator model of normal and difficult airway scenarios. Still, these novice clinicians
overall preferred GVL.

Introduction

Successful laryngoscopy and tracheal intubation are crucial
skills necessary for management of the airway in critically
ill infants and children. Proficiency in these skills requires
training, practice, and experience. The GlideScope video-
laryngoscope (Verathon Medical, Bothell, WA, USA) has
been developed to facilitate tracheal intubation, especially
in difficult airway scenarios, by providing a wider angle,
unobstructed view of the glottis [1–5]. The GlideScope has
been shown to provide a view of the larynx that is as good as,
or better than, standard direct laryngoscopy [4, 6–9] and does
not require oral, pharyngeal, and tracheal axis alignment for
intubation. Additionally, the GlideScope allows the trainee
and the supervisor to view the same image concurrently on
the video screen.

Previous studies comparing GlideScope videolaryn-
goscopy (GVL) to direct laryngoscopy (DL) in terms of
ease of use and time to intubation among experienced
clinicians have reported conflicting results in both adult
and pediatric populations. In pediatric studies comparing
time to intubation between these devices in the operating
roomwhen used by experienced anesthesiologists, some have
found that GVL required a longer time [10, 11] while others
have found no difference in time to intubation between GVL
and DL [12, 13]. Another pediatric study found no difference
in time to intubation between the two devices when used
by experienced anesthesiologists or intensivists to intubate
pediatric manikins [14].

Among the studies utilizing novice clinicians, the findings
were similarly varied. A study using paramedics, medical
students, respiratory therapists, and nurses in the real live
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situation of the operating room showed that GVL has higher
success rates and shorter times to intubation for adult patients
[15]. Using a neonatal normal airwaymanikinmodel, another
study found prolonged times to intubation with GVL when
performed by medical and nursing students [16]. However,
there have been no studies to date examining the ease of
operation of the GVL by untrained, novice medical providers
on a pediatric model with both normal and difficult airway
scenarios.

The objective of this study was to compare the perfor-
mance of novice clinicians in intubating a pediatric model
using GVL to the standard DL, using a Miller laryngoscope
blade. We hypothesized that the GlideScope intubation tech-
nique would be superior to DL in terms of intubation success
rates and time to intubation for novice physicians in both
normal and difficult airway scenarios and that the novice
physicians would prefer GVL over standard DL.

1. Materials and Methods

1.1. Study Design. This was a prospective, randomized cross-
over study conducted at an urban, quaternary care children’s
hospital. Postgraduate year one pediatric residents (interns)
who were novice at intubation, defined as having performed
≤3 prior intubations on a patient, were eligible for inclusion
in this study. The study took place during intern orientation,
prior to Pediatric Advanced Life Support and Neonatal
Resuscitation Program training. The study was approved by
the hospital’s Institutional Review Board.

At the initiation of the study, a survey was administered
to the interns to document previous advanced life support
certification and prior intubation experience with direct and
videolaryngoscopy. Subjects then attended a thirty minute
didactic session teaching the basics of pediatric airway
anatomy and intubation procedures with both DL and GVL,
followed by video and in-person expert modeling in small
groups of the use of both laryngoscope techniques. For DL
in an infant patient, subjects were instructed to position the
tip of the laryngoscope blade under the epiglottis and to
directly lift the large, floppy epiglottis covering the larynx. For
GVL, subjects were instructed to identify the epiglottis and
manipulate the videolaryngoscope to obtain the best glottic
view. Subjects were not permitted to attempt intubation prior
to the study.

The SimBaby high-fidelity simulator manikin (Laerdal
Medical Corporation, NY, USA) was used for this study,
which is representative of a 6-month-old infant [17]. Two
intubation scenarios were used: (1) “normal intubation” with
a standard airway and (2) “difficult intubation” with tongue
edema and pharyngeal swelling, which has been noted
previously to most consistently prolong time to intubation
in the SimBaby [14]. Subjects were instructed to intubate
SimBaby manikins in each scenario with both direct and
videolaryngoscopy for a total of four intubations scenarios
per subject. The sequence of scenarios and methods of
intubation were randomized using a random number table
to minimize the effect of learning throughout the study, and
subjects were not informed which airway scenario would be

next. Subjects did not receive any instruction during their
intubation attempts.

Intubations were performed using a 3.0mm endotracheal
tube with a malleable stylet. The number 1 straight Miller
laryngoscope blade was used for DL, and the GlideScope
Cobalt AVL video baton 1-2 with GVL2 blade was used for
GVL. For DL intubations, the endotracheal tube and stylet
were configured in an arcuate shape, and for GVL intu-
bations, the endotracheal tube and stylet were angled to
90 degrees to facilitate passage of the endotracheal tube
[9–12, 18–21]. Airway manikin lubricant was applied to
the endotracheal tube to decrease resistance between the
endotracheal tube and themanikin airway. All materials were
available at the bedside, and subjects did not have the option
to choose different sized materials for intubation.

Subjects were instructed to ventilate the simulated infant
in respiratory failure with a bag and mask and then to
intubate the manikin. Intubation times were recorded from
the time that the subject picked up the laryngoscope blade
until clear lung inflation was achieved via the endotracheal
tube with bag insufflation as captured by sensors in the
simulator. Successful intubation was defined as successful
insertion of the endotracheal tube between the vocal cords
with clear lung inflation in ≤120 seconds [10, 15, 22–24].
Subjects were allowed to perform additional maneuvers at
their discretion including repositioning and reintroducing
the laryngoscope blade, repositioning the head or neck,
digital laryngeal pressure, and modification of stylet tip
angulation.

Our primary outcomes were the time to successful
intubation and the rate of successful intubation. Secondary
outcomes included the number of intubation attempts, use
of optimization maneuvers, self-reported view of the larynx,
self-reported ease of use and satisfaction of the devices, and
frequency of adverse events (esophageal or right mainstem
intubation and dental trauma). Potential dental trauma was
assessed using a previously described grading scale of pres-
sure on the teeth or gums (0 = none, 1 = mild, 2 = moderate,
and 3 = severe) [22, 24]. Subjects rated the Cormack and
Lehane view of the larynx from grade I to IV [25] and the ease
of use of each device for intubation on a visual analog scale
(from 0 = difficult to 10 = easy). After completing the four
intubation scenarios, subjects rated their overall satisfaction
of the two laryngoscope techniques using the visual analog
scale (from 0 to 10) and chose which device they would prefer
for their next intubation.

1.2. Statistical Methods. Data were analyzed using SPSS
Statistics (IBM, Armonk, NY, USA) and are described using
mean and standard deviation for continuous data including
time to intubation, dental trauma index, and subjective
device ease of use score, and paired 𝑡-tests were used to
compare continuous data. Descriptive statistical analyses
were used for successful intubation, intubation attempts,
use of optimization maneuvers, esophageal intubation, right
mainstem intubation, and Cormack and Lehane glottis
views. NonparametricWilcoxon signed ranks tests were used
to compare categorical data. 𝑃 < 0.05 was considered
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Table 1: Baseline characteristics of subjects (𝑁 = 25).

𝑛 (%)
Previous advanced life support certification 6 (24)

Advanced cardiac life support (ACLS) 5 (20)
Pediatric advanced life support (PALS) 1 (4)

Previous intubation experience
Patient (≤3 intubations) 8 (32)

Direct laryngoscopy 8 (32)
Videolaryngoscopy 0 (0)

Manikin 23 (92)
Direct laryngoscopy 23 (92)
Videolaryngoscopy 1 (4)

statistically significant, and a difference of 10 seconds in time
to intubation was considered clinically significant.

Sample size was based on the estimation of the time to
intubation of 20 seconds with the standard Miller blade in
the “normal intubation” scenario and an absolute variation of
10 seconds as a meaningful change based on previous studies
with experienced physicians [14, 24]. We calculated a sample
size of 10 participants using PASS software (NCSS, Kaysville,
UT,USA) to have greater than 80%power to detect aminimal
difference in time to intubation of 10 seconds assuming a type
1 error of 0.05.

2. Results

Of the 29 interns approached, 25 interns fulfilled the inclusion
criteria, and all 25 (100%) consented to participate in the
study. Four interns were excluded for having performed >3
prior intubations on patients. Subjects’ ages ranged from 24
to 29 years; 22 (88%) were female. Baseline characteristics of
the residents are listed in Table 1.

2.1. Normal Airway Scenario. The results for the normal
airway scenario are shown inTable 2.Therewas no significant
difference in subject performance in terms of successful
intubation, time to successful intubation, number of intu-
bation attempts, use of optimization maneuvers, esophageal
intubation, rightmainstem intubation, or subjective difficulty
scores when either DL or GVL was used. The dental trauma
index was significantly less when the GlideScope was used
compared to the Miller laryngoscope (𝑃 = 0.013), and the
Cormack and Lehane glottis view was significantly better
with the GlideScope (𝑃 = 0.007).

2.2. Difficult Airway Scenario. The results for the difficult
airway scenario are shown in Table 3. Mean time for difficult
airway intubation was significantly longer when GVL was
used (𝑃 = 0.018). There was no significant difference
in successful intubation, number of intubation attempts,
use of optimization maneuvers, esophageal intubation, right
mainstem intubation, or subjective difficulty scores between
the two techniques.The dental trauma indexwas significantly
less when using theGlideScope compared to theMiller laryn-
goscope (𝑃 = 0.013). In this scenario, Cormack and Lehane

glottis views were better when the Miller laryngoscope was
used (𝑃 = 0.046).

2.3. Overall Ratings. Overall, there was a trend toward novice
clinicians judging the GlideScope on a visual analog scale as
easier to use compared to the Miller laryngoscope technique
(mean 7.3 versus 6.4, 𝑃 = NS). More interns chose the
GlideScope than the Miller laryngoscope as the device of
choice for their next intubation (17 versus 8).

3. Discussion

For novice clinicians, both the GlideScope and Miller laryn-
goscope methods of intubation were comparable in terms of
time to intubation and the rate of successful intubations in
a pediatric simulator model with normal airway. However,
in the difficult airway scenario, the novice clinicians took
significantly longer to intubate with GVL even though the
overall rate of successful intubation was similar with both
techniques. Yet overall, the subjects showed a two-to-one
preference for GVL over the traditional DL.

Our finding of novice clinician preference for GVL is
in contrast to prior studies with experienced clinicians who
preferred DL. In a study of anesthesiologists and pediatric
intensivists, it was found that while there was no difference
in time to intubation with GVL and DL, DL was rated higher
in overall satisfaction, and the majority would choose DL in
an emergency [14]. In another study, 85% of anesthesiologists
preferred DL in an easy airway scenario and 30% preferred
DL in a difficult airway scenario as well, even when the times
to intubation were significantly shorter with GVL [26]. In
a manikin study, emergency department physicians had a
preference for DL in the normal airway and tongue edema
scenarios and a preference for GVL only in the cervical spine
immobilization scenario [10]. In an emergency department
observational study, there was a strong preference forDL over
GVL [27].

For experienced clinicians who have familiarity with DL,
this preference for DL may be due to the personal bias of
having complete control of the glottis view compared to GVL
where theremay be concern about the potential for obscuring
of the glottis view with blood or secretions. In contrast, for
novice clinicians in a simulated situation where these above-
mentioned concerns are not apparent, the ease of visualizing
the vocal cords as well as the superior view of the vocal cords
with GVL may have led to a preference over DL. It may also
be that younger clinicians who have grown up with video
games may find the wider overall view of the larynx seen on
the video monitor with GVL more natural and requiring less
effort to obtain than the more restricted, direct view with DL.
For novice clinicians, quick and easy visualization of the vocal
cords and orientation of the airway anatomy with GVL may
have provided them with comfort and reassurance so that
even a lower grade laryngeal view and taking longer to insert
the endotracheal tube in the difficult airway scenario, as has
been demonstrated previously in pediatric patients [11], did
not deter them from choosing GVL over DL for future use.
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Table 2: Results for the normal airway scenario (𝑁 = 25).

DL GVL P
Successful intubation∗, n (%) 18 (72) 19 (76) NS
Time to successful intubation∗, mean (SD), sec 67.4 (27.9) 61.4 (26.5) NS
Number of attempts, n (%)

1 15 (60) 16 (64)
NS2 or more 5 (20) 4 (16)

Data not available 5 (20) 5 (20)
Use of optimization maneuvers, n (%) 15 (60) 15 (60) NS
Dental trauma index 0–3, mean (SD) 1.2 (0.8) 0.7 (0.8) 0.013
Esophageal intubation, n (%) 8 (32) 4 (16) NS
Right mainstem intubation, n (%) 1 (4) 1 (4) NS
Cormack and Lehane glottic view, n (%)

I 14 (56) 23 (92)
0.007II 11 (44) 2 (8)

III/VI 0 (0) 0 (0)
Ease of intubation score 0–10, mean (SD) 6.4 (1.5) 7.2 (1.9) NS
∗Up to 120 seconds.
DL: direct laryngoscopy; GVL: GlideScope videolaryngoscopy; NS: not significant.

Table 3: Results for the difficult airway scenario (𝑁 = 25).

DL GVL P
Successful intubation∗, n (%) 15 (60) 14 (56) NS
Time to successful intubation∗, mean (SD), sec 61.3 (19.3) 87.7 (26.9) 0.018
Number of attempts, n (%)

1 13 (52) 11 (44)
NS2 or more 5 (20) 5 (20)

Data not available 7 (28) 9 (36)
Use of optimization maneuvers, n (%) 19 (76) 19 (76) NS
Dental trauma index 0–3, mean (SD) 2.0 (1.1) 1.1 (0.8) 0.013
Esophageal intubation, n (%) 4 (16) 5 (20) NS
Right mainstem intubation, n (%) 1 (4) 1 (4) NS
Cormack and Lehane glottic view, n (%)

I 8 (32) 3 (12)
0.046II 15 (60) 19 (76)

III/VI 2 (8) 3 (12)
Ease of intubation score 0–10, mean (SD) 5.7 (1.7) 5.3 (2.4) NS
∗Up to 120 seconds.
DL: direct laryngoscopy; GVL: GlideScope videolaryngoscopy; NS: not significant.

We observed that the interns had difficulty maneuvering
the endotracheal tube between the vocal cords with the
GlideScope technique, as indicated by the longer duration
of time to intubation in the difficult airway scenario. This
delay in the insertion of the endotracheal tube with GVL
has been noted by prior investigators and it appears to have
arisen from the difficulty in insertion rather than due to
difficulty in visualization [6, 8, 11, 13, 17, 20, 28]. For adults,
there is a rigid stylet that is manufactured specifically for use
with the GlideScope with appropriate angulation that follows
the GlideScope blade and has been shown to contribute
to higher first attempt and overall intubation success rates
[29]. In contrast, pediatric intubations are performed with
a malleable stylet which can be distorted easily and is less

effective, thus potentially prolonging the time of intubation,
especially for a novice. The malleable stylet used in our study
was angled at the recommended 90 degree (“hockey stick”)
formation for optimal insertion through the vocal cords [9,
18–21]. Despite this preparation of the stylet and endotracheal
tube, it was difficult tomaintain the correct angulation during
intubation attempts due to the malleability and distortion
of the stylet. This distortion of a malleable stylet has been
noted more frequently in pediatric patients due to a smaller
oropharynx and relatively larger tongue with the GlideScope
blade taking up a larger proportion of the oropharynx,
resulting in less room to maneuver the endotracheal tube
[16, 21]. In addition, especially with tongue swelling and
pharyngeal edema in the SimBaby, there was often a fair
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amount of resistance between the endotracheal tube and the
manikin airway which complicated endotracheal insertion,
and this has been noted by others as well in manikin studies
[30]. Lastly, while easy to learn, the GlideScope does have a
learning curve, and intubation success rates do improve with
experience [31, 32].

The times to intubation in our study are longer than those
in other studies in the literature, which have ranged from 10
to 50 seconds. This difference may be due to the fact that we
studied novice clinicians rather than trained and experienced
residents or physicians [3, 7, 9, 10, 22, 24, 26, 27, 33]. We also
did not allow these novice interns to practice intubation
with either method prior to the study. In addition, different
studies have used different start and end points for time
measurement, whichmay contribute to the variation in times
to intubation.

One advantage that has been consistently reported in
GlideScope studies, including ours, is the reduction in dental
trauma during intubations compared to DL [22–24]. Due to
the angulation of the GlideScope, it is very easy to obtain
the glottis view with minimal pressure on the anterior,
superior portion of the mouth, and thus dental trauma is
reduced. Another potential benefit of GVL is its usefulness
in education since trainees can observe airway anatomy
and intubations on the video monitor in real time and
can be supervised while performing intubations. You et al.
have shown the benefits of GVL in the education of novice
clinicians [34].

Our study has several limitations. First of all, it is a
manikin simulation study. Simulators are useful for teach-
ing and assessing skills in novice persons without undue
ethical or medical risks to patients. While the SimBaby is
useful in this regard, it may not sufficiently mimic real-
world clinical conditions. In addition, we did not allow
any practice attempts with either intubating device prior to
the start of the study since we were attempting to isolate
the potential advantage of one device over another without
prior experience. Practice attempts would allow subjects to
familiarize themselves with the devices and intubation in
general andwouldmore closely resemble real clinical training
situations. Furthermore, while subjects were blinded to the
clinical scenario (normal versus difficult airway), they were
not blinded to the device being used for intubation, which
may have introduced bias. Lastly, while our intent was to
use novice clinicians, there were some incoming residents
who had experience with direct laryngoscopy, but none had
intubated >3 patients, and none had near the suggested 57
intubations required for proficiency with a 90% success rate
in direct laryngoscopy [35]. Additionally, since the subjects
had some prior experience with direct laryngoscopy but not
videolaryngoscopy, thismay have biased participants towards
direct laryngoscopy; however, the majority of subjects chose
GlideScope videolaryngoscopy as the preferred method.

4. Conclusions

In conclusion, we found that for novice clinicians, GVL is not
associated with improved intubation success rates or time to

intubation in a pediatric simulator model of a normal airway
scenario and had a longer time to intubation in a difficult
airway scenario but with the same success rates. Despite the
fact that it took longer for the novice physicians to intubate
with GVL in the difficult airway scenario, their subjective
assessment of ease of use of the devices after each scenario and
overall was the same. Furthermore, novice physicians largely
chose GVL over DL for their next intubation. The novice
physicians likely placed a greater value on quick visualization
of the vocal cords than that on the amount of time it took
to intubate the manikins. In addition, GlideScope intubation
may be safer with decreased dental trauma. More studies are
needed to assess the clinical performance of GVL in pediatric
situations, including real patient intubations and assessment
of GlideScope performance for trainees over time.
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