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Opinion statement

The use of videolaryngoscopy is an ever expanding and developing branch of both routine
and advanced airway management. An array of ‘tried and tested" videolaryngoscopes is
increasingly being used routinely in adults. However, due to the anatomical differences
between adults and children, the proposed benefits are not readily transferrable without
supporting evidence. With an increase in paediatric-sized equipment, the last 10 years has
seen a rise in the number of relevant clinical investigations in the use of
videolaryngoscopes for paediatric airway management. This narrative review focuses on
videolaryngoscopes currently available for paediatric patients. The supporting literature is

analyzed for their clinical use and effectiveness.

Introduction

A range of videolaryngoscopes (VL) for routine and
advanced airway management has been introduced
into adult and paediatric anaesthetic practice and
they are here to stay. Each current paediatric VL has
been introduced as a ‘down-size’ of the primary
adult version. VL are frequently classified in adult
practice according to their shape, angulation and
presence of guidance channel [1]. However, com-
prehensive clinical studies about the effectiveness
for routine daily practice or difficult airways in

children are sparse and only poorly documented.
Currently, the following VL are commercially avail-
able with paediatric sizes: GlideScope® (Verathon
Medical Devices), DCI Video Intubation Systems
(Karl-Storz Endoscope), TruView PCD (Truphatek),
Airtraq (Prodol) and McGrath Series 5 (Aircraft
Medical Ltd.) (Table 1).

The following sections describe each VL in turn
and assess its use and potential applications for
clinical practice.
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Table 1. Summary of currently available paediatric videolaryngoscopes

Laryngoscope
GlideScope®
Storz DCI

Bonfils

C-MAC
TruView PCD pediatric
Airtraq

McGrath series 5

Advantages

High-quality images

Ability to exact length of TT beyond vocal cords
Teaching aid

High-quality images

Part of all in one system

Improved laryngeal view

Narrow diameter for use in patients with limited
mouth opening

Steep, quick learning curve

High-quality images

Portable

Oxygen insufflation

Anti-fogging of camera

Portable

Disposable

Portable

Low maintenance

Paediatric videolaryngoscopes

GlideScope®

Description

Disadvantages

Fogging of image

Difficulty advancing TT

Reports of intra-oral injury in adults
Cost

Maintenance

Cost

Secretions obscuring image

Large handle
Unfamiliar technique for use
Posterior displacement of TT

Good mouth opening required
Size restrictions

The Canadian-made GlideScope® VL have been available for clinical use
in adults since 2001 with paediatric versions available since 2005. It has
various models including the GlideScope® VL, the Titanium, the AVL
(predecessor GVL Cobalt) and the Ranger, all with paediatric sizes. The
blade is angled to 60° with an inbuilt reusable video camera at the
inflection point allowing a real-time, continuous, digital view of the
airway on a separate colour monitor. The image is illuminated by a
light-emitting diode near the end of the blade. The blade is inserted in
the midline into the vallecula, and the tracheal tube (TT) is passed
styletted to match the blade curvature, often referred to as a ‘hockey

stick’ shape [2].

Advantages

Most case reports confirm the superior image of the larynx on the
monitor with the ability to exact the length of TT beyond the vocal
cords [3]. The GlideScope® is also perceived as a teaching aid for
tracheal intubation in novice operators [3, 4].

The latest addition (GlideScope® Titanium) boasts lightweight strength and
durability with a range of compatible blades including low-profile, angled
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GlideScope® blades and more familiar ‘Mac-style’ blades. They are also com-
patible with the GlideScope® blades already available for preterm and small
children.

Disadvantages

The potential for intra-oral injury is described in several case reports in adults
due to a potential ‘blind spot’ of the orophayrnx when the operator focuses
solely on the video monitor [5-7]. This, however, is easily avoided by adopting
a four-step technique as previously recommended: 1) look into the mouth and
insert the blade, 2) look at the screen to see the larynx, 3) look into the mouth to
insert TT and 4) look at the screen for intubation [8]. In addition to intra-oral
injury, a case series including five neonates reported ‘fogging’ of the image and
problems advancing the TT [4].

Non-clinical evidence

Recent comparative trials in simulator scenarios by non-anaesthetist
candidates have largely favoured direct laryngoscopy over the
GlideScope®. Two SimBaby® investigations showed no significant differ-
ence in the time to successful intubation or the number of attempts
required. In one trial, the GlideScope® gave a better view of the larynx
and led to a less dental trauma in both normal and difficult simulated
airways but did not improve the intubation time in simulated normal or
difficult airways [9-11]. Indirect VL comparing the Cobalt GlideScope®
has failed to show significant differences between its use and direct
laryngoscopy or the Storz DCI VL in simulated normal and difficult
airways [12, 13].

Clinical evidence

In 2012, Vlatten et al. published work which contradicted the majority
of adult studies, concluding that when compared to direct laryngoscopy,
GlideScope® VL significantly decrease percentage of glottis opening
(POGO) scores and take a significantly longer time to gain the best view
[14]. Subsequent studies have failed to confirm all aspects of this report.
The majority of paediatric GlideScope® studies indicate a significantly
better view of the larynx [15e, 16, 17] but at the expense of longer
times to intubation [17-19]. Several studies reported no significant
difference in the number of intubation attempts, view of the glottis,
degree of difficulty and use of Magills forceps between the GlideScope®
and direct laryngoscopy in normal airways [20-22]. In addition, a pilot
study into difficult airways showed a significant improvement in the
Cormack-Lehane view gained with the VL, and no significant difference
in time to generate best view when compared to direct laryngoscopy
[16]. Although most studies showed a significantly longer time to intu-
bate with the VL, these times were not clinically relevant.

A case series of three older children (ages 5, 6 and 15 years) with
Goldenhar Syndrome and predicted difficult airways reported successful
use of the GlideScope® Cobalt Infant VL [23]. In particular, the authors
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commented that the smaller and narrower infant GlideScope® may offer
benefit in intubating older children with retro- and micrognathia.

Verdict

The current studies suggest that the GlideScope® is a suitable alternative to
routine laryngoscopy in normal airways but would potentially be more ad-
vantageous in anticipated difficult airways or as a rescue device.

Storz videolaryngocopes

Description

Karl Storz endoscope has developed the DCI® Video Intubation System.
It incorporates a single camera that can be easily connected to a variety
of intubating devices such as the (BERCI-KAPLAN) DCI® VL, Bonfils
intubation endoscope and flexible intubation fibrescopes. Continuous
high-resolution video can then be simultaneously viewed on a separate
monitor.

The DCI® VL integrates the endoscopic camera with an ergonomic
handle which can be attached to a series of blades in both adult and
paediatric sizes, namely the Miller 0 and 1 blades and the Macintosh 2.
Importantly, the blades are already familiar to practicing technicians,
and the video lens is situated near the end of the blade by the light
source giving an 80° view angle.

The Bonfils is a rigid endoscope with its distal tip angulated 40° which in
turn gives a 110° viewing angle. The camera is on the tip of the endoscope and
allows simultaneously viewing of the TT as it passes through the vocal cords
into the trachea.

Also available from Karl-Storz is the C-MAC VL, a more compact and
portable version of the DCI® VL. It has a smaller, lightweight monitor
that still produces high-resolution images, but it allows the kit to be
easily moved.

Advantages

Overall, the Karl-Storz DCI® Video Intubation System gives an ‘all in
one’ solution with the ability to choose the instrument that is best for
your patient. In particular, the DCI® VL offer a familiar design and
approach to use with the benefit of high-quality images viewed sepa-
rately by the operator, assistants and trainees. The Bonfils is marketed as
the only instrument currently available which guarantees safe insertion
of the TT because glottis and TT are in view simultaneously. Its narrow
design is beneficial in patients with limited mouth opening. The C-MAC
VL offers the same benefits as the DCI® VL but with increased porta-
bility and has been used out of hospital.

Disadvantages

The DCI® Video Intubation System is expensive and maintenance is potentially
both specialized and costly. Specific drawbacks highlighted from the Bonfils
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endoscope is the lack of a port to allow suctioning of secretions and drug
administration [24, 25].

Non-clinical evidence

In a manikin-based study simulating both normal and difficult airway scenarios,
there was no difference in the time to intubate using the Karl-Storz DCI com-
pared to the GlideScope® VL [12]. In addition, there were no differences in the
secondary outcomes such as field of view and ease of use. In other infant and
neonatal manikin studies, the Storz VL has shown better glottic views and POGO
scores when compared to direct laryngoscopy, but not necessarily a reduction in
intubation time [26, 27]. A greater 1st attempt success rate and shorter intubation
times with the videolaryngoscope compared to direct laryngoscopy in simulated
intubations of neonatal and infant manikins were reported [28].

A SimBaby study by paediatric anaesthetists in 2010 concluded that the
Bonfils intubating endoscope was easier to use and provided better views
compared to direct laryngoscopy, but the success rates of intubation and times
to achieve intubation were not improved [29].

Clinical evidence

The Karl-Storz video intubation systems are used for both the normal and the
difficult paediatric airway. The DCI® VL provides better Cormack-Lehane views in
children with anticipated normal airways. This was at the expense of statistically
but not dlinically increased time to intubate [30]. Similar outcomes were found
in a study in children under 4 years old [31] and in young children during
manual in-line stabilization [32] The DCI® VL was reported to result in faster
intubation and fewer numbers of failed intubations when compared with the
GlideScope® [19] A limited comparison in children less than 2 years indicated no
difference in success rate between the Storz and Airtraq VL with the latter
providing faster intubation times [33]. The DCI® VL is used increasingly in term
as well as preterm neonates and is reported to improve the visibility for both the
operator and assistant. Additional advantages include the teaching and supervi-
sion opportunities as well as the options to record and archive videos [34].

A steady stream of case reports continues to be published advocating
the use of the Storz DCI Video laryngoscope in children with known
difficult airways. Five such reports, totaling 11 children under
15 months, conclude that it improved the glottic view and allowed easy
intubation where direct laryngoscopy had failed [35-39]. In addition,
two of these cases were successfully intubated using the Storz DCI where
the GlideScope® and Bonfils VL had previously failed [35, 38]. As well
as the obvious improvement in view and intubation success, all reports
stress the benefit of the Storz DCI as a teaching aid.

When compared to the GlideScope® VL, the Bonfils provided significantly
better views and significantly faster times to intubation in children with normal
airways [40]. This study also commented that the continuous view of the
tracheal passage was a major advantage. In a small study of 50 children with
normal airways, the Bonfils was found to significantly improve laryngeal views
compared to direct laryngoscopy; however, intubation was not easier and there
was a higher incidence of failure to intubate in the Bonfils group [41]. This
potential for a higher rate of failure to intubate has been reported previously,
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and all failures were due to secretions obscuring the image and the failure to
produce a pharyngeal space with an additional laryngoscope [42]. More re-
cently, the Bonfils endoscope has been clinically compared to ‘gold standard’
fibreoptic intubation in children with difficult airways. This unique trial found
that the Bonfils was easier to use than the fibreoptic intubation system and
produced better quality images and faster times to intubate [43e].

The use of the Bonfils in children with difficult airways has been advocated
in a sample of case reports where it has provided successful intubation where
other instruments have failed [44-46]. One case commented specifically on the
benefit of using the Bonfils over conventional direct laryngoscopy, LMA,
GlideScope® VL and Airtraq in children with reduced intraoral space due to the
narrow, rigid stylet [46].

The C-MAC VL has shown superiority to the TruView Infant EV02 in infants
with normal airways in terms of ease of use and faster intubation times [47]. In
the limited number of case reports available, it has proved advantageous over
various intubation techniques including fibreoptic intubation in children with
challenging airways [48]. However, mechanical problems in accessing the oral
cavity may occasionally limit its use [49].

Verdict

TruView

Description

The Karl-Storz DCI® Video Intubation System appears beneficial both in routine
and difficult airway management as well as a potential rescue tool. A particular
advantage is the use as a teaching aid for direct laryngoscopy. The evidence
favours its use in all age groups and in children with both normal and difficult
airways. In particular, the Bonfils should be considered in children with predicted
difficult intubation where the mouth opening or intra-oral space is limited.

The TruView PCD Pediatric is an optical laryngoscope with an eyepiece on the
handle that can be connected to a video monitor. Its predecessor was the TruView
Infant EV02. The design gives a wide and magnified view of the larynx for the
operator. Its slogan is ‘for even the toughest pediatric airway,” and it is advertised
as ‘superior access for difficult cases” including patients with restricted mouth
opening and those immobilized. However, in line with other VL, only limited
studies and case reports support this claim. There are four paediatric-sized blades
available to facilitate intubation of newborns (=800 g) to obese teenagers.

Advantages

A unique feature of the TruView PCD laryngoscope is a port between the blade
and handle for connecting an oxygen supply. The advantage is twofold: 1)
oxygen insufflation to the airway and 2) anti-fogging of the camera.

Disadvantages

The design of the TruView is very unique and will be unfamiliar to new
handlers, as will the technique required to use it successfully. In addition,
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although there is a port to supply oxygen during laryngoscopy, without external
pressure, there is no guarantee of oxygen flow into the lungs which are static.

Non-clinical evidence

At the time of conducting this review, non-clinical evidence of the TruView VL
was limited to adult simulators. In a study of novice operators with simulated
normal and difficult airways, the TruView VL was found to provide better glottis
views, but it did not always reduce the time needed to intubate or the difficulty
of intubation. In difficult airway scenarios, the TruView took longer to intubate
than standard Macintosh blade and was found to cause more dental clicks, an
indication of dental trauma. Operators reported the manipulation of the
TruView to be difficult [50].

Clinical evidence

The number of published trials of the TruView laryngoscope is low and
focuses on children with normal airways. A recent comparative study of
the TruView Infant EV0O2 PCD and the C-MAC VL in infants up to

22 months found both laryngoscopes produced excellent views of the
vocal cords; however, the time to intubate was significantly longer in the
TruView group [47]. The inbuilt safety feature did not prevent peripheral
oxygen saturations to drop below 90 % [47]. This is consistent with a
previous study where, compared to conventional direct laryngoscopy, the
use of the TruView EV02 resulted in longer times to intubate and lower
Sp0, [51]. Two studies of neonates and infants with normal airways
found the TruView laryngoscope to give superior glottic views but longer
times to intubate compared to direct laryngoscopy [52, 53].

In terms of ease of use, the TruView has been scored as the least intuitive to
use when compared to the C-MAC VL and Macintosh direct laryngoscope but is
likely due to the differing clinical experience of the operators [47].

Two case reports have supported the use of the TruView PCD in children with
difficult airways [54, 55]. In both cases, one aged 7 months and the other an 8-
day-old premature infant, tracheal intubation was achieved where conventional
laryngoscopy with straight and curved blades had failed. The port for continuous
oxygen insufflation was commended in the neonate with apneic spells [55].
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Studies into the use of the TruView laryngoscope are few but, so far, suggest that
despite producing good views of the larynx, it takes significantly longer to
achieve intubation. Currently, it does not appear to provide superiority in any
aspect compared to other videolaryngoscopes.

Airtraq

Description

The Airtraq is a single-use, optical laryngoscope with an eyepiece on the handle
which can be attached to a camera to allow video viewing on a wireless
monitor. The array of available sizes accommodates neonate to adult patients
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with the smallest size 0 infant scope fitting size 4.0-5.5 tracheal tubes. It
consists of two parallel channels, one with the optical and anti-fogging system
and a guide channel for the TT. To use, the laryngoscope is inserted into the
mouth in the midline and passed into the vallecula. To pass the TT successfully,
the vocal cords need to be in the centre of the view field and the manufacturers
describe a ‘back-and-up’ manoeuvre to achieve this.

As well as the disposable Airtrag SP model, there is now a reusable version
with disposable blades, the Airtraq Avant, available in two adult sizes only.

Advantages

It is a very portable device and has been used in several hospital locations as
well as in pre-hospital scenarios.

Disadvantages

Earlier case reports have highlighted a couple of potential problems that may be
encountered when attempting intubation with the Airtraq. Firstly, despite
obtaining good glottis views, passing the TT through the vocal cords is not
always easy [56, 57]. The shape of the laryngoscope tends to displace the tube
posteriorly as it is advanced, and it is not always possible to overcome this with
external manoeuvres or aids. Secondly, the laryngoscope is bulky compared to
conventional blades making its use in patients with smaller oral cavities or
limited mouth opening difficult [56].

Non-clinical studies

An infant manikin study, published in 2012, compared the Airtraq with the
Pentax airway scope in scenarios where subjects were at rest and when simu-
lated cardiopulmonary resuscitation (CPR) was in place. Although there were
no differences in the success of intubation or the glottic views obtained, the
times to view the glottis and times to intubation were longer with the Airtraq at
rest and during CPR [58].

Clinical evidence

In children under 5 years old and infants, the Airtraq has shown to provide
superior POGO scores but longer times to secure intubation when compared to
direct laryngoscopy [59, 60]. In older children, the intubation time was also
longer, but the views were similar between the study groups [60]. Success rates
are similar to the Storz VL [58].

A limited number of case reports have been published describing the use of
the Airtraq in children ranging in age from 4 weeks to 10 years old and give
mixed reviews with no pattern between success rates and child size or airway
anomaly [56, 61, 62, 57].
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Evidence so far into the use of the Airtraq in children has been on normal
airways and has given mixed reviews. Despite its portability, its use is certainly
limited due to its size and design.
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McGrath series 5 VL

Description
The McGrath series 5 VL is battery operated, fully portable and has single-use
blades. It has a camera and light source on the tip of the intubating blade which
produces real-time colour video display on the small monitor at the top of the
handle. Its design aims to ‘simplify intubation of difficult airways and minimize
the lifting forces often necessary for successful intubation even on routine airways'.
Although it does not come with specific paediatric-sized blades, the length of the
blade or ‘CameraStick’ can be adjusted through three different length settings
depending on the patients’ size. It is advertised as a VL for infants to adults.

________________________________________________________________________________________________________________________|
Advantages
This is a portable device with low maintenance requirements. The disposable
blades mean a reduction in disinfection costs and avoidance of potential
disease transmission.
. ___________________________________________________________________________________________________________________________|
Disadvantages
Its clinical application is restricted in paediatric patients to infants and older
children due to the size of the blades.
____________________________________________________________________________________________________________________|
Non-clinical evidence
Simulator studies are very limited. In a single adult manikin study, the learning
curves associated with indirect laryngoscopes (the GlideScope®, the McGrath
and the Airtraq) found the McGrath to have a steep learning curve [63]. The
study also potentiated that indirect laryngoscopes provided better views of the
larynx and potentially less dental trauma. It is uncertain whether this data can
be easily applied into paediatric practice.
. __________________________________________________________________________________________________________________________|
Clinical evidence
Clinical trials evaluating the use of the McGrath VL in children are also very few.
In a small study presented at the ASA in 2008 found the McGrath to provide
‘good conditions for tracheal intubation” in children with predicted normal
airways with a mean age of 63 months [64].

Successful use of the McGrath VL has been described in two case reports on
children with difficult airways. One featured a 9-year-old with extensive scarring
from neck and face burns where fibreoptic laryngoscopy had proved difficult
previously. During a planned intubation, the McGrath provided a Cormack and
Lehane grade 1 view and intubation was uneventful [65]. A second case was in a
13-year-old with Treacher Collins syndrome and previous failed intubation
with direct laryngoscopy. On this occasion, the McGrath gave a grade 1 view
and easy intubation whereas the initial direct laryngoscopy with the Macintosh
blade gave a grade 4 view [66].
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Clinical studies using the McGrath VL in paediatric patients are very limited.
However, its use has been described successfully in patients with known diffi-
cult airways, suggesting it may have advantages in these cases compared to
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conventional laryngoscopy. The routine use in expected difficult paediatric
airway management cannot be recommended at this stage and requires further
supporting data.

Conclusion

Despite increasing clinical trials and emerging case reports, there is not a
single paediatric VL that is vastly superior to its competition. Each VL
has its proposed benefits, but all come with potential drawbacks, and
certainly, there is not one single type to suit all children or airway
challenges. It appears proficiency can only be achieved through regular
training and clinical use. Cost restrictions and number of clinical op-
portunities dictate that only one VL is chosen based on departmental
needs, preferences and resources. Proficiency in one paediatric VL instead
of several is, therefore, essential. Once familiar with the VL, local pro-
tocols should be developed to encourage its use in planned normal and
difficult airways or as a rescue device. However, proficiency in direct
laryngoscopy should supersede all advanced airway techniques. The
currently available literature weighs heavily on children with normal
airways, and future clinical trials should focus on the use of VL in
children with difficult airways.
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