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Abstract

Purpose This study characterizes the performance and
success rate for fiberoptic-guided tracheal tube placement
through the air-Q® Intubating Laryngeal Airway (air-Q).
Methods Using a manikin, anesthesia trainees and staff
anesthesiologists, experienced in fiberoptic-guided intuba-
tion, performed five consecutive fiberoptic-guided tracheal
tube placements via the air-Q. Participant characteristics,
procedure segment times, total procedure times, and
observed failures were recorded. Linear mixed effect
models with random slopes and intercepts were used to
assess participant performance.

Results Ten anesthesia trainees and ten staff anesthesio-
logists participated. Anesthesia trainees were younger and
had practiced for fewer years compared to staff anesthe-
siologists. Gender was equally distributed between the
groups. Both segmental and overall procedure times
decreased from the first to the fifth trial among all partic-
ipants, independent of experience level and gender. Overall
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mean procedure time decreased from 102 + 31 to
68 £ 14 s, representing a relative time reduction of 33%
and a mean time difference of 34 s [95% confidence
interval (CI) 22-47 s; p < 0.0001]. Tracheal tube place-
ment was successful in all attempts; however, three tra-
cheal tube dislodgements occurred during air-Q removal
(overall procedure success 97%).

Conclusions Fiberoptic-guided tracheal tube placement
through the air-Q can be performed in a clinically
acceptable period of time with high success by operators
skilled in fiberoptic-guided intubation. Tracheal tube dis-
lodgement during air-Q removal remains a potential risk
that should be emphasized.
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Introduction

Placement of supraglottic airways (SGAs) is an integral part
of current difficult airway algorithms, as SGAs can bypass
upper airway obstruction and/or act as a conduit for intuba-
tion [1, 2]. Multiple SGAs are now available. Use of any
particular SGA in this situation may very well be life-saving;
however, features unique to a particular device may super-
impose limitations on direct tracheal tube placement [3].
The air-Q® Intubating Laryngeal Airway (air-Q; Mer-
cury Medical, Clearwater, FL, USA) is a newer SGA
available in four polyvinyl chloride (PVC)-based, dispos-
able sizes (1.5, 2.5, 3.5, and 4.5) and three silicone-based,
reusable sizes (2.5, 3.5, and 4.5). Notable features of the
air-Q are its larger internal diameter (ID) airway tube,
which is 2-3 c¢m shorter than that of the LMA-Classic™™
(LMA North America, San Diego, CA, USA), a removable
15-mm circuit adapter, and a dedicated removal stylet
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Fig. 1 air-Q® Intubating Laryngeal Airway (ILA) unique features.
Fiberoptic scope and 7.0 endotracheal tube (ETT) through 3.5 air-Q®.
a Removable 15-mm circuit connector. b Shorter, larger internal
diameter (ID) airway tube. ¢ Dedicated removal stylet

(Fig. 1). These features overcome the limitations on direct
tracheal tube placement imposed by other SGAs and allow
coaxial placement of standard tracheal tubes up to 8.5-mm
ID directly through the device. In contrast to the LMA-
Fastrach™ (LMA North America), which has a rigid air-
way tube limiting its use as a primary airway device for any
length of time [4, 5], the air-Q can be left in situ after
coaxial tracheal tube placement for later use as a primary
airway device upon extubation, replacing the Bailey
maneuver [6].

Blind placement of tracheal tubes through the air-Q was
recently characterized [7]; however, fiberoptic-guided tra-
cheal tube placement through the device was not studied.
Insofar as visualization of the airway using a fiberoptic
scope for intubation when the situation allows is preferable
to a blind technique, as it provides visual confirmation of
correct tracheal tube position in the airway, this represents
a gap in our knowledge regarding the most efficacious way
to use the air-Q as an intubation conduit.

Thus, the primary purpose of our study was to charac-
terize the performance of fiberoptic-guided tracheal tube
placement through the air-Q as a technique for using the
device as an intubation conduit by observing the procedural
time and success rates of the procedure on repeated
attempts.

Materials and methods
The University of Wisconsin Health Sciences Minimal
Risk Review Board exempted this study. Written informed

consent was obtained from all participants. Both senior
level anesthesia trainees and staff anesthesiologists
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experienced in the use of SGAs and fiberoptic-guided
intubation through a laryngeal mask airway, but naive to
use of the air-Q, were invited to participate. Each subject’s
gender, professional status, and years of training or practice
were recorded. Subjects unwilling to provide informed
consent and those having a financial interest or relationship
with the study device manufacturer were excluded.

All intubations were performed on an Airsim™ Advance
airway management trainer (Trucorp, Belfast, Ireland) with
the tongue equilibrated to atmospheric pressure and the
head maintained in neutral position, through a size 3.5,
reusable air-Q. The size 3.5 air-Q was chosen as this size fit
best in the manikin during pilot testing. The study procedure
consisted of three individually timed steps. Step 1 involved
placement of the air-Q in the manikin using the manufac-
turer’s recommended placement technique. This step star-
ted when the participant picked up the air-Q and concluded
with correct placement confirmation observed by inflation
and deflation (ventilation) of the manikin lung after con-
nection of the air-Q to an anesthesia machine circuit (time 1).
Specifically, with the air-Q cuff fully deflated, the device
was inserted into the manikin mouth between the base of the
tongue and palate. A jaw lift was performed and the device
was advanced inwardly and rotated forward following the
curve of the airway tube until a firm stop was encountered.
Ten milliliters of air were then placed in the air-Q cuff and
the device was connected to the anesthesia circuit. Step 2
involved fiberoptic-guided tracheal tube placement through
the air-Q. This step started with disconnection of the
anesthesia circuit from the air-Q. Following disconnection,
the 15-mm circuit adapter was removed. A cuffed, 7.0-mm
ID tracheal tube (Mallinckrodt, Hazlewood, MO, USA) was
then placed into the airway tube to a depth of 18 cm. A 4.9-
mm outer diameter (OD) fiberoptic scope (Pentax FB-15V;
Pentax Medical, Montvale, NJ, USA) was advanced
through the tracheal tube and guided through the manikin
vocal cords. The tracheal tube was advanced over the
fiberoptic scope and into visualized position above the
carina. Step 2 concluded with removal of the fiberoptic
scope and correct tracheal tube placement confirmation
observed by inflation and deflation of the manikin lung
(time 2). Step 3 involved removal of the air-Q over the
tracheal tube. This step started with disconnection of the
tracheal tube from the anesthesia circuit and removal of the
tracheal tube 15-mm connector. A #1 ILA Removal Stylet
(Mercury Medical) was inserted in the proximal end of the
tracheal tube. While stabilizing the tracheal tube, the air-Q
was withdrawn over the tracheal tube and stylet. The stylet
was then removed, the tracheal tube connector reinserted,
and the tracheal tube connected to the anesthesia circuit.
Confirmation of maintenance of correct tracheal tube
placement was confirmed by observation of inflation and
deflation of the manikin lungs (time 3).
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Table 1 Participant demographics

Entire cohort (n = 20) Anesthesia trainees (n = 10) Staff anesthesiologists (n = 10) P
Age (years) 40 £ 11 33+ 4 48 +£ 10 <0.001
Male gender (%) 60 60 60 1.000
Years practice/training 8§+9 3+1 14 £ 10 0.008

Data are mean 4+ SD values unless otherwise noted

Statistical significance is p value <0.05

Each study participant completed the study procedures in
the absence of other participants. Prior to starting, the study
procedure was demonstrated once in a step-wise fashion for
each participant and all questions were answered. Partici-
pants, however, were not allowed to perform hands-on
equipment familiarization or practice the study procedure
prior to commencing the study. Once the participant
acknowledged an adequate understanding of the study
procedure and had no further questions, he or she performed
the study procedure five consecutive times. All study pro-
cedure segments were timed and the overall procedure time
was calculated as the sum of times 1 through 3. All airway
devices and the manikin were lubricated with either water-
soluble surgical gel (manikin and all outer airway device
surfaces) or silicone spray (tracheal tube lumen and fiber-
optic scope). air-Q placement failure was defined as the
inability to achieve correct device placement after three
insertion attempts. One insertion attempt was defined as
placement and subsequent full withdrawal of the air-Q from
the mouth of the manikin. Manipulation of the air-Q (e.g.,
an up—down maneuver) to achieve correct placement
without withdrawing it from the mouth of the manikin was
allowed. If air-Q placement failure, tracheal tube dis-
lodgement, or inability to ventilate through the tracheal tube
after successful air-Q placement occurred, the procedure
was halted and recorded as a trial failure. If a trial failure
was recorded, the trial was immediately halted and the
participant moved onto the next trial attempt until five trials
or trial attempts were completed.

The primary study endpoint was overall procedure time.
During pilot testing, we observed a mean =+ SD trial 1
procedure time of 80 £ 15 s. Assuming a 10% relative time
reduction for each subsequent trial, we calculated a required
sample size of 6 participants (« = 0.05, = 0.20) to be
able to detect the resultant difference between the first and
fifth trial attempts. We increased the sample size to 20
participants with a goal of enrolling 10 staff anesthesiolo-
gists and 10 senior level anesthesia trainees to allow sub-
group analyses and capture performance in a wider
experience group. Secondary endpoints of the study inclu-
ded air-Q insertion (step 1), fiberoptic-guided tracheal tube
placement (step 2), air-Q removal (step 3), and overall
procedure (steps 1-3) success rates. Descriptive statistics

were used to characterize participant demographics and
study endpoint data. Statistical analyses were performed
using SAS version 9.1.2 (SAS Institute, Cary, NC, USA).
Linear mixed effect models with random slopes and inter-
cepts were used to assess improvement in procedure time on
repeated attempts [8]. Adjustments for gender, professional
status, and years of training were performed. Log-trans-
formation was used to improve normality. For all tests,
statistical significance was defined as a p value of <0.05.

Results

Twenty participants (10 senior level anesthesia trainees and
10 staff anesthesiologists) volunteered to participate and
completed all study procedures. Participant demographics
are shown in Table 1. As expected, anesthesia trainees
were younger and had fewer years of training/practice
compared to staff anesthesiologists. Gender was equally
distributed between the subgroups.

Per protocol, each study participant attempted the study
procedure five times. Segmental and overall procedure
times are listed in Table 2. Times decreased from the first to
the fifth trial among all participants, independent of expe-
rience (anesthesia trainees vs. staff anesthesiologists) and
gender (male vs. female). Overall mean procedure time
decreased from 102 £ 31 to 68 = 14 s with a corre-
sponding relative reduction of 33% and a mean difference
of 34 s [95% confidence interval (CI) 22-47 s; p < 0.0001].
The majority of improvement in overall procedure time
occurred during trials 1 through 3 and was attributable to
shortened times occurring during steps 2 and 3 (fiberoptic-
guided tracheal tube placement and air-Q removal) com-
pared to step 1 (air-Q placement) (29 £ 27 vs. 3 £ 4 s,
p = 0.002).

Segmental and overall procedure success rates are
shown in Table 3. No failures occurred during air-Q
placement (step 1) or fiberoptic-guided tracheal tube
placement through the air-Q (step 2). All air-Q placements
were successful on the first attempt. Tracheal tube dis-
lodgement, leading to inability to ventilate, occurred in
three instances when air-Q removal over the tracheal tube
was attempted (step 3), yielding a 97% overall procedure
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Table 2 Segmental and overall procedure times

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 P
Step 1 12+ 4 10 £2 10+ 3 10£2 10+ 3 0.012
Step 2 56 £+ 20 46 + 12 41 + 11 40 £ 12 36 £ 8 <0.0001
Step 3 32+ 15 29 +9 24 £ 6 23 4+9 22+6 0.0001
Overall procedure 102 £ 31 85+ 19 75 £ 16 72 £ 18 68 + 14 <0.0001

Data are seconds (mean & SD)

Step 1, time for air-Q insertion; step 2, time for fiberoptic-guided tracheal tube placement through the air-Q; step 3, time for air-Q removal over

the tracheal tube

Overall procedure = sum of times for steps 1, 2, and 3

p values are for differences between trials by linear mixed effect models with random slopes and intercepts with log-transformation to improve

normality

Table 3 Segmental and overall procedure success rates

Step 1

Step 2

Step 3 Overall procedure

Anesthesia trainees 50/50 (100%)
50/50 (100%)

100/100 (100%)

Staff anesthesiologists

Entire cohort

50/50 (100%)
50/50 (100%)
100/100 (100%)

48/50 (96%)
49/50 (98%)
97/100 (97%)

48/50 (96%)
49/50 (98%)
97/100 (97%)

Data are proportions (%)

Step 1, air-Q insertion; step 2, fiberoptic-guided tracheal tube placement through the air-Q; step 3, air-Q removal over the tracheal tube

Overall procedure = steps 1-3

success rate. The lower 95% confidence limits for the
overall procedure success rates for anesthesia trainees, staff
anesthesiologists, and the entire cohort were 91, 94, and
94%, respectively.

Discussion

The main finding of our study is that fiberoptic-guided
tracheal tube placement through the air-Q can be per-
formed in a clinically acceptable period of time with high
success when tested in our simulation model. In addition,
repeated use of the technique leads quickly to an
improvement in overall procedure time, independent of
experience (anesthesia trainees vs. staff anesthesiologists)
and gender (male vs. female).

Compared to blind tracheal tube placement, the use of
fiberoptic guidance may improve intubation success
through the air-Q with a similar time improvement profile
and overall procedure time. Wong et al. [7] studied blind
tracheal tube placement through the air-Q in a manikin by
anesthesiologists, fellows, and residents, and found a
decrease (92.6 £ 22.7-60.8 £ 16.3 s) in overall procedure
time over five consecutive attempts, similar to our findings,
but observed a lower tracheal tube placement success rate.
More than one in ten (34/325) blind intubation attempts
resulted in failure due to esophageal intubation. We did not
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record any tracheal tube placement failures in our study
using fiberoptic guidance. We did, however, observe three
tracheal tube dislodgements during air-Q removal over the
tracheal tube. This rate (3%) is similar to the 2% (6/291)
rate reported by Wong et al. [7]. Two of the three tracheal
tube dislodgements occurred during trial 1 and the third
dislodgement occurred during trial 3. Whether these events
occurred due to device handling unfamiliarity, participants
hurrying to improve their time, or some other unknown
effect is difficult to say as the participants were not ques-
tioned directly regarding the failures. Nonetheless, this is
an important observation as it highlights a persistent,
clinically relevant, potential procedure failure mode, as
seen in our study and that of Wong and colleagues.

Of note, we used identical definitions for segmental and
overall procedure times, but a slightly different simulation
model than Wong and colleagues. Their model employed a
Laerdal airway management trainer (Laerdal Medical,
Wappinger Falls, NY, USA) and a size 4.5, first-generation
version of the air-Q, whereas we used an Airsim™ airway
management trainer and a smaller size 3.5, second-gener-
ation, silicone-based reusable air-Q, which incorporates a
slight increase in height of the posterior cuff compared to
the first-generation device [9], a distal intubation ramp, and
a built-in bite block. Thus, while our methodology was
quite similar and provides a reasonable basis for compar-
ison [10-12], it was not identical. Although differences in
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the devices, manikins, and operator experience [13, 14]
may contribute to the lower success rate for blind intuba-
tion, we believe the improvement in tracheal tube place-
ment success seen in our study is attributable to the ability
to negate trajectory misalignments between the air-Q air-
way tube and glottic opening with fiberoptic scope
advancement under visualization, followed by advancing
the tracheal tube over the fiberoptic scope. As mentioned
above, we used a 7.0-mm ID tracheal tube over a 4.9-mm
OD fiberoptic scope, which produced a very small
(approximately 2 mm) combination mismatch. Tracheal
tube/fiberoptic scope combinations with a larger mismatch
allow more wobble and may produce difficulties in
advancing the tracheal tube over the fiberoptic scope due to
hang-up on the posterior arytenoids, as seen with Esch-
mann stylet use.

Our study has several limitations. First, it was performed
in a manikin with a routine airway, which is advantageous
for assessing the procedure performance characteristics and
success rate under consistent airway conditions, but may
not reflect the true performance characteristics and success
rate in clinical practice, where patient anatomy and airway
conditions (e.g., blood, secretions, edema) vary and gen-
erally prolong times required to achieve tracheal intuba-
tion. As such, our results may overestimate the procedure
performance characteristics and success rate for clinical
practice, where longer procedure times and additional
experience may be observed and required to attain similar
results. Second, we did not ensure optimal air-Q placement
in relation to the glottic opening prior to each tracheal tube
placement attempt. Thus, our results may have been
affected by suboptimal air-Q placement. If so, however, we
believe this effect is likely to be small in our study, as our
experience with the manikin suggests the device generally
follows the same path during insertion. Suboptimal air-Q
placement, if it occurred, would better simulate the vari-
ance of actual clinical conditions, where device positioning
in relation to the glottis varies with patient characteristics.
Third, the participants in our study were experienced with
fiberoptic scope use and so our results may not reflect the
performance of operators less experienced in fiberoptic
scope use. Lastly, based on pilot testing we selected a size
3.5, reusable air-Q as a best fit for our manikin. Thus, our
model represents a best case scenario to ensure a maximum
rate of successful intubations, but may have limited
applicability to actual clinical use, where choosing the
appropriate device size may be less clear and where sub-
optimal device selection may negatively impact the fiber-
optic-guided tracheal tube placement success rate. Early
clinical results shed some light here though. We previously
reported our initial experience using the air-Q as an
everyday airway device and intubation conduit, finding
median airway leak pressures of 25 and 30 cmH,O for the

single-use and reusable devices, respectively, and suc-
cessful fiberoptic-guided tracheal tube placement in 12/13
(92%) cases of anticipated and unanticipated difficult air-
ways [15]. Blind intubation after two attempts has also
recently been reported to be successful in over 75% of
healthy adult elective surgical patients. Using fiberoptic
guidance to facilitate a third attempt increased the overall
success rate to 95% [16].

In summary, we performed a prospective study using a
simulation model to characterize the performance of fiber-
optic-guided tracheal tube placement through the air-Q as a
technique for using the device as an intubation conduit. We
found the technique can be performed in a clinically
acceptable period of time with high success by operators
skilled in fiberoptic scope use, but naive to use of the air-Q.
Visualization and guidance provided by the fiberoptic scope
likely led to the improved tracheal tube placement success
rate compared to the use of a blind technique. Tracheal tube
dislodgement during air-Q removal remains a potential
danger and clinicians using the device should be made aware
of this. Preliminary results of our technique in patients are
encouraging; however, additional clinical investigation is
warranted to corroborate our findings further.
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