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Abstract. Direct laryngoscopy (DL) is the most commonly used technique for tracheal intubation, but there is ongoing interest
in new devices that have high success rates and are easily learned. The pediatric Airtraq (AT) is a recently developed intubation
device that allows visualization of the glottis and intubation of the trachea without alignment of the oral, pharyngeal and tracheal
axes. We studied the efficacy of the AT compared to the DL for laryngoscopy of young children with normal airway anatomy.
In this prospective study, 49 children (5 yr and younger) scheduled for elective surgery under general anesthesia were rando-
mized into two groups: intubation using direct laryngoscopy (DL group) and laryngoscopy using the Airtraq (AT group). Time
to best view, time to intubate, first attempt success rate (FASR), and percentage of glottic opening seen (percentage of glottis
opening score) were recorded. Data are presented as median and interquartile range. Time to best view was five (4, 7) sec in
DL and five (4, 7.5) sec in AT. Time to intubate was 18 (14.7, 21) sec in DL and 22.5 (19.5, 25.5) sec in AT (P = 0.002). FASR
was 100% in the DL and 83% in the AT. The percentage of glottis opening score was 80% (range 60–100%) in the DL and
100% (range 100–100%) in the AT (P < 0.001). In young children with normal airway anatomy, the AT provides a better view
of the glottis than the standard laryngoscope, but it takes longer to intubate the trachea and the FASR is lower.
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1. Introduction

Direct laryngoscopy (DL) requires mechanical dis-
placement of anatomic structures including the lips,
jaw and tongue to create a direct line of sight to the lar-
yngeal inlet. Even in expert hands, DL is not ideal for
visualization of the larynx in children with anatomic
anomalies such as Pierre Robin syndrome (Robin
sequence). Poor visualization of the larynx may result
in a failed intubation and may contribute to a failed
airway. The failed airway remains a significant cause
of morbidity and even mortality during emergency

resuscitation and anesthesia [1]. It is not surprising that
new intubation devices that promise better glottic visuali-
zation and easier tracheal intubation have generated
considerable interest. One of the “look around the
corner” devices, the Airtraq (AT) optical laryngoscope™
(Prodol, Vizcaya, Spain) uses a series of lenses and
prisms to create an image of the larynx in a proximal
viewfinder. The AT, recently introduced in pediatric
and neonatal sizes, is a periscope-like device that
contains two aligned channels in an anatomically
shaped plastic housing: one channel contains the
light source and optical components connected to
an eyepiece while the second channel acts as a
holder and conduit for the endotracheal tube. Adult
manikin studies simulating normal and difficult air-
way anatomy have suggested that the AT provides
superior intubating conditions and has a shorter
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learning curve compared to the DL [2,3]. Adult
human studies have reached similar conclusions
[4–7]. The AT has been used successfully in emer-
gency cesarean section cases complicated by morbid
obesity [8] and in cases where intubation by conven-
tional means has failed [9]. No pediatric series has
been published to date but case reports describe suc-
cessful use of the AT optical laryngoscope in chil-
dren with Treacher-Collins syndrome [10,11].
Since this device, designed for the difficult airway,

has not been tested yet in the pediatric population, we
conducted a prospective randomized trial comparing
the AT optical laryngoscope to a standard laryngo-
scope used by experienced pediatric anesthesiologists
for tracheal intubation in young children with normal
airway anatomy. Studies on learning curves for new
airway devices in students or novice anesthesiologists
are needed as well as studies on the use of this device
in the difficult pediatric airway. However, it is unethi-
cal to test a new airway device in a difficult scenario
or by inexperienced practitioners without the proof
that the new device is equal or superior in use by
experienced practitioners to the current standard in
the normal pediatric airway.

2. Materials and methods

Following institutional Research Ethics Board
approval, 50 children (age five and under) scheduled
for elective surgical procedures with the requirement
of endotracheal intubation were enrolled. Informed
parental consent was obtained. Exclusion criteria
included previously documented difficult airway;
predicted difficult bag mask ventilation; predicted
difficult intubation; and need for rapid sequence
induction.
The children were randomly assigned using a compu-

ter generated random number table to a DL group or an
AT group. Children in the DL group were intubated
using a Wisconsin one straight blade or a standard
MacIntosh 2 curved blade based on the attending
anesthesiologists’ preferences. The choice was offered
to compare AT laryngoscopy and intubation to the
anesthesiologists’ best normal technique. All of the
anesthesiologists in this study perform DL by placing
the tip of the blade in the valleculae. Children in the
AT group were intubated using an infant AT (for tube
size 2.5 to 4.0) or a pediatric AT (for tube size 4.5 to
5.5). Each intubation in the study was performed by
one of five experienced pediatric anesthesiologists. Prior

to participating in the study, each anesthesiologist
viewed a training video produced by the AT manufac-
turer and performed three intubations on a pediatric
manikin and five intubations on anesthetized children
age 5 and under using the AT.

Induction of anesthesia was performed by inhala-
tion of 8% sevoflurane in 60% nitrous oxide and
40% oxygen followed by intravenous injection of
2 mg/kg propofol prior to intubation. All children
were monitored with electrocardiogram, non-invasive
arterial blood pressure, pulse oximetry, capnography,
and inhaled agent spectrophotometry. Before laryngo-
scopy, the lungs were pre-oxygenated with 100%
oxygen for approximately 1 min using bag-mask ven-
tilation. Cessation of spontaneous ventilation and
absence of hemodynamic response to jaw thrust were
used to determine that depth of anesthesia was ade-
quate for intubation. None of the children received
muscle relaxants prior to intubation and all intubations
were performed with an uncuffed tracheal tube of
appropriate size for age.

Time to intubation (TTI) was defined as the time
interval between blade entry past the lips and the
appearance of CO2 on the end-tidal tracing. TTI
longer than 60 sec was defined as a failed first attempt
intubation. Time to best view (TTBV) was defined
as the time interval between blade entry past the
lips and the laryngoscopist’s verbal declaration that
the best view for endotracheal intubation was
achieved. Timing was performed by a member of
the research team using a stopwatch. Laryngeal best
view was quantified by visually estimated percentage
of glottis opening (POGO) score. First attempt suc-
cess rate; use of external laryngeal manipulation per-
formed by the intubator; complications associated
with laryngoscopy-intubation; and loss of visualiza-
tion due to “fogging” or “red-out” were recorded.
Definition of “first attempt success” was correct pla-
cement of the tracheal tube within 60 sec without oxy-
gen saturation below 94% during the attempt. In the
case of a failed first attempt, TTI was not assigned a
value and was not included in the analysis. In general,
the anesthesiologists were encouraged to get an opti-
mal view to the vocal cords.

Parametric data were analyzed using a t-test and
nonparametric data were analyzed using the Mann-
Whitney rank sum test. Sample size was based on
comparable adult studies. A P < 0.05 was deemed
clinically significant. The primary outcome variable
in this study was the time to intubate for both
devices.
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3. Results

Of the 50 children recruited, one patient in the AT
group was removed from the study prior to intubation
because of an unanticipated last-minute change in the
airway management plan.
Patient characteristics of the 25 children in the DL

group and the 24 children in the AT group are shown
in table 1. There was no significant difference in TTBV
between the AT and DL groups (P = 0.418) (Table 2).
TTI was significantly longer in the AT group than in
the DL group (P = 0.002) (Table 2). POGO scores were
significantly higher in the AT group than in the DL
group (P < 0.001) (Table 2, Fig. 1). There was signifi-
cantly less use of external laryngeal manipulation in
the AT group (0/24) than in the DL group (12/25)
(Chi-square P < 0.01). There were four failed intuba-
tions in the AT group and zero failed intubations in
the DL group. Complications related to intubation,
visual “red-out” or “fogging”, and patient oxygen
saturations below 94% were not seen in either group.

4. Discussion

This is the first clinical trial of the AT optical laryn-
goscope for intubation of the pediatric airway. Previous
pediatric studies of other alternate airway devices
including the STORZ Videolaryngoscope™ (Karl
Storz, Tuttlingen, Germany), Glidescope™ (Verathon,

Bothell, WA, USA), and TrueView EVO2 laryngo-
scope™ (Truphatek International Ltd, Netanya, Israel)
have shown improved visualization of the larynx but
longer intubation times [12–16]. Our study demon-
strates similar findings: the AT provides a 20% better
view of the pediatric larynx than the standard laryngo-
scope but increases the time required to achieve tra-
cheal intubation by 25%. Intubating with the AT took
in 50% of the cases 4.5 sec longer, statistically signifi-
cant but with questionable clinical significance. How-
ever, the significantly higher POGO scores in the AT
group support the claim that the AT provides excellent
visualization of the pediatric larynx. Also encouraging
is our finding that the AT device was not affected by
“fogging” or “red-out”, visual problems that often con-
found other indirect visualization techniques.

Despite the excellent laryngeal views observed in the
AT group, the anesthesiologists experienced some diffi-
culties with placement of the tracheal tube. Since TTBV
was the same in both groups, we conclude that the pro-
longed time to intubate with the AT must have been
caused by difficulties experienced after optimal visuali-
zation was achieved. It is possible that the difficulties

Table 1
Patient characteristics. Data present median, interquartile range and

min-max

Features Airtraq (n = 24) Direct laryngoscopy
(n = 25)

Age (mo) 39 (17.5, 54.5 [5–71]) 40 (21.5, 58 [5–71])
Weight (kg) 14.3 (10.3, 16.7

[7.5–24.5])
14.6 (10.8, 17.8

[5.4–14.6])
Gender (male/

female)
18/6 17/8

Table 2
Comparison of time to best view, time to intubate and percentage of glottis opening for Airtraq and direct laryngoscope.

Data are median, interquartile range and min-max

Features Airtraq Direct laryngoscope

Time to best view (sec) 5 (4, 7.5 [3–28]) n = 24 5 (4, 7 [3–10]) n = 25
Time to intubate (sec) 22.5 (19.5, 25.5 [14–50]) n = 20* 18 (14.7, 21 [6–26]) n = 25
Percentage of glottis opening (%) 100 (100, 100 [90–100]) n = 24* 80 (60, 100 [40–100]) n = 25

*Airtraq versus direct laryngoscope (P < 0.05).
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Fig. 1. Comparison of percentage of glottis opening seen between
Airtraq AT and direct laryngoscopy. Data are median, interquartile
range and 5–95% interquartile range. # AT versus direct
laryngoscopy (P < 0.05).
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experienced reflect the fact that the anesthesiologist in
this study were experienced laryngoscopists but inex-
perienced with the AT device. There are features inher-
ent to the AT that requires a significant paradigm shift
for the experienced anesthesiologist. The AT employs
a fixed channel to guide the tracheal tube into the larynx.
Direct manipulation of the tube is thus limited to for-
ward and backward movement-angulation can only be
modified by manipulating the AT device. This is initi-
ally frustrating for the expert direct laryngoscopist who
is trained to precisely manipulate a tracheal tube in three
dimensions. The anesthesiologists noted additional
complexities unique to pediatric use of the AT device.
In adult patients, the optical image of the larynx occu-
pies most of the field of view provided by the eyepiece.
In small children, the fully visualized larynx occupies a
much smaller portion of the field of view. Commonly,
on initial view, the larynx occupies the anterior quadrant
of the AT eye piece. Advancing the tracheal tube in this
position causes the tube to pass below the larynx into the
esophagus [11,17]. To prevent this, the AT device must
be pulled anteriorly until the centre of the larynx appears
at the center of the eyepiece [11,17,18]. A second, more
subtle observation may further explain the difficulties
encountered: the AT optical path points 15° to the right
of the central axis of the instrument while the intubating
channel points 15° to the left. While this appears to be
ideal for adult intubations, in children the tip of the
scope is closer to the larynx and the offset of the two
axes creates a problem. When the device is positioned
to provide an ideal axial view of the larynx (Fig. 2a),
the intubation channel axis is oriented towards the left
ary-epiglottic fold and the advancing tracheal tube tends
to become trapped in the vestibule or may miss the lar-
ynx completely and advance into the piriform fossa
(Fig. 2b). To provide an optimal angle for intubation
the operator must rotate the AT 15° to the right (clock-
wise), providing an off-axis view of the larynx centered
on the right vocal cord (Fig. 3a), but aligning the intuba-
tion channel axis with that of the trachea (Fig. 3b).
The infant AT is designed to accommodate tube

sizes 2.5 to 4.0 and the pediatric AT is designed to
accommodate endotracheal tubes size 4.5 to 5.5.
Two failed AT intubations occurred with the use of
tubes at the upper size range of the pediatric device:
a 5.5 tube in one case and a 5.0 tube in the other case.
In both cases, despite good lubrication of the tubes,
the anesthesiologist experienced considerable resis-
tance to the passage of the tube down the intubation
channel and the AT intubation attempt was abandoned
after a TTI of 60 sec. The same tube was easily placed

in the trachea by DL on second attempt. In general, a
thin airway exchange catheter or bougie could be used
as an adjunct to DL to probe the glottic opening. This
combination could result in a more careful intubation
of the pediatric airway compared to the AT intubation.

Our study has several limitations. The first limitation
is that the study was not blinded because it is clearly not
possible to blind the operator to the device being used.
In addition, the anesthesiologists had limited manikin
training and only five human exposures to the AT prior
to the study, compared to years of experience with DL.
One recent study suggested that a minimum of 47 suc-
cessful exposures to DL are required to achieve basic
competence [19]. It has not been determined how many
successful exposures are required to achieve basic

(a)

(b)

Figs 2a and 2b. Airtraq view of the larynx in a 5-year-old patient.
(a) The device is rotated 15° to the left. (b) Note that both cords
are easily seen but the tracheal tube is not aligned with the
tracheal axis. Intubation is likely to fail in this position.
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competence with the AT. The inability to blind the
operators combined with the relative inexperience of
the operators with the AT device clearly introduces a
significant performance bias in favor of DL. Given this
bias, it is interesting to note that the anesthesiologists
obtained better laryngeal views with the new device
than with the standard laryngoscope, and achieved best
view in a comparable time. It is necessary to note, that
in this study the anesthesiologist did not lift the epiglot-
tis with the straight blade, which could have resulted in
lower POGO scores in the DL group. The comparison
of the laryngoscopic views has to be interpreted with
caution. However, the finding of improved view with
comparable or prolonged intubation time is similar to

what has been described for other indirect laryngoscopy
devices [11–18]. It remains to be determined whether
further practice and experience with the pediatric AT
will allow the better view to translate into faster, more
successful intubation. Given that the AT is a single use
device, training and acquiring expertise is associated
with increased cost. A cost of $80 US (year 2007) is
expensive for a single use primary airway management
device with a considerable learning curve [20]. It is also
clear that further research is needed to assess the effi-
cacy of the AT in pediatric patients with difficult airway
anatomy. For now, indirect laryngoscopy devices like
the AT are thought to be used rather in the unexpected
difficult airway. The expected difficult pediatric airway
should be managed by fiberoptic tracheal intubation
via laryngeal mask as presented by Weiss and
Engelhardt [21], to maintain skills in this important
technique.

In summary, our observations lead us to conclude
that the AT optical laryngoscope can quickly and
easily provide superb views of the pediatric larynx.
This may prove to be valuable in managing difficult
pediatric airways. While our initial experience is
encouraging, pediatric AT intubation is not quite as
easy as hoped. Learning the basic AT technique and
the required pediatric modifications takes practice
and experience.
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