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Objective This study aimed to compare intubation performance between blind intubation
through supraglottic airway devices and direct laryngoscopy by novices under manikin simula-
tion. We hypothesized that the intubation time by novices using supraglottic airway devices was
superior to that with the Macintosh laryngoscope (MCL).

Methods A prospective, randomized crossover study was conducted with 95 participants, to
evaluate i-gel, air-Q, LMA Fastrach, and MCL devices. Primary outcomes were the intubation
time and the success rate for intubation.

Results The i-gel showed the shortest insertion and tube passing time among the four devices;
the i-gel and air-Q also showed the shortest total intubation time (all P<0.0083; i-gel vs. air-Q,
P=0.03). The i-gel and MCL showed the highest cumulative success rate (all P<0.0083; i-gel vs.
MCL, P=0.12).

Conclusion Blind intubation through the i-gel showed almost equal intubation performance
compared to direct laryngoscopy.
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What is already known

Supraglottic airway devices can be used as a conduit for fiber-optic bronchos-
copy-guided intubation (e.g., i-gel) or blind intubation using a specific model
(e.g., LMA Fastrach).

Capsule
Summary

What is new in the current study
Blind intubation through i-gel showed almost equal intubation performance
compared to direct laryngoscopy.
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INTRODUCTION

Intubation is one of the most important procedures related to
prognosis in severely ill patients." Tracheal intubation is considered
the gold standard for protecting the airway.”> However, the success
rates for intubation are variable depending on airway structure, a
patient's clinical status, practitioner's skills, and so forth.** The Eu-
ropean Resuscitation Council guidelines for cardiopulmonary re-
suscitation (2010) recommend that intubation be performed by
experienced and trained personnel only.> Many health care provid-
ers do not have the requisite knowledge and enough practice to
perform safe and quick intubation.?

For these providers, supraglottic airway devices (SADs) can be a
valid alterative.” SAD insertions do not require laryngoscopy and
can be used by untrained personnel, or when tracheal intubation
is impossible.2 SAD has the advantage of easier use without ex-
amining the vocal cords in a difficult airway. While tracheal intu-
bation requires effort and time to maintain skills, SADs do not.®
However, SADs are limited in their ability to completely maintain
and protect the airway. For this reason, blind intubation is required
through a SAD after insertion. Many SADs have been developed
and many studies have evaluated blind intubation through SADs.
LMA Fastrach (Laryngeal Mask Company, San Diego, CA, USA), is
one of the SADs developed for tracheal intubation.” It enables in-
tubation, but has a high price, is inconvenient to use, and requires
dedicated equipment. SADs can also be used as conduits for fiber-
optic bronchoscopy-guided intubation or blind intubation without
bronchoscopy.” However, there are few studies of intubation per-
formance using blind intubation through SADs compared to direct
Macintosh laryngoscopy (MCL) by novices.

The aim of this study is the evaluation of intubation perfor-
mance by novices using MCL and SADs under manikin simulation.
We hypothesized that the intubation time by novices using SADs
was superior to that for MCL.

METHODS

Study design

We conducted a randomized, open-label, crossover simulation
study to evaluate intubation performance using 3 SADs and MCL.
This study was performed at Gyonggi-do fire service academy in
May 2015. The local ethics committee approved this study.

Participants

The sample size was calculated based on a previous study regard-
ing the ventilation time required for intubation.? The intubation
time (mean *standard deviation, second) in that study was as
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follows: MCL (36.88+ 10.75); Proseal (43.85+ 11.85). To detect a
6-second difference in intubation time using a=0.05 and 3=0.2
for an experimental design examining 2 devices, we estimated
that at least 50 operators would be required for each device, with
a 30% dropout rate. We recruited 95 trainees (registered nurses
and emergency medical technicians) participating in the education
program in May 2015. They had no intubation experience clini-
cally, and signed a written consent form before being included.

Equipment and materials

One direct laryngoscope and 3 SADs were used in this study. A di-
rect laryngoscope is the MCL, which has a size 4 curved blade with
a Satin Slip Stylet (Mallinckrodt Medical, St. Louis, MO, USA). We
also performed intubation using SAD size 4 i-gel (Intersurgical,
Berkshire, UK), size 3.5 air-Q (Cookgas LLC; Mercury Medical,
Clearwater, FL, USA) and size 4 LMA Fastrach. We used a Laerdal
airway management trainer (Laerdal, Stavanger, Norway) for per-
forming intubations in this study. A 7.0-mm internal diameter
cuffed polyvinyl chloride (PVC) tube (Portex, Keene, NH, USA) was
used for blind tracheal intubation by each group.” The endotrache-
al tube (ETT) was lubricated with water-based jelly before insertion.

Interventions

All participants completed a brief questionnaire consisting of de-
mographic information (age, sex, and licensure) and working ex-
perience as a health care provider (Table 1). Before starting the
trials, instructors gave lectures for 2 hours about endotracheal
intubation (ETI) and SADs. Participants had 50 minutes of prac-
tice time with each device to familiarize themselves with all de-
vices and perform intubations on the Laerdal Airway Manage-
ment Trainer. Ninety-five participants were enrolled, and were
randomly allocated to 4 groups: group A (n=24), group B (n=24),

Table 1. Baseline characteristics

Characteristics Data (n=95)
Sex (%) Male (61.1)
Age (y1) 27 (25-32)
Working experience as HCP (yr) 2.0 (0.0-7.0)
None 30(31.5)
<5 36(37.8)
>5 29 (30.5)
License
Registered nurse 17 (17.9)
1st level EMT 77 (81.1)
2nd level EMT 1(1.1)

Categorical variables are given as number (%) and continuous variables are given
as median (interquartile range).
HCP, healthcare provider; EMT, emergency medical technician.

www.ceemjournal.org



Young Yong Kim, et al.

group C (n=24), and group D (n=23) (Fig. 1). The random order
was generated by a sequence generator (http://www.random.org).
After being allocated to a group, the participants performed intu-
bations in sequential order. Independent evaluators were allocat-
ed to each device group and used a stopwatch to measure intu-
bation time. They evaluated the success of intubation. All partici-
pants performed 3 intubation attempts with each device when
allocated to a group. Hence, each participant in each group at-
tempted a total of 12 intubations using 4 devices. Participants
had a 10-minute break after 3 intubation attempts for each de-
vice. For MCL, placing the manikin's head and neck in a sniffing
position was performed by utilizing rolled sheets. Participants in-
serted the ETT through LMA Fastrach in a reverse orientation, with
the concave bend facing posteriorly. For the i-gel, the ETT was in-
serted by 90° counterclockwise rotation maneuvres.

Outcomes

Primary outcomes were the intubation time and the success rate
for intubation. The intubation time was measured for 4 sequen-
tial procedures by intubators: picking up SAD or MCL, complete
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insertion of device, successful insertion of ETT, and successful first
ventilation.

Time required for SAD insertion (device insertion time, DT) was
defined as the time from picking up SAD to complete insertion
into the manikin. For MCL, DT was alternatively defined as the
time from picking up MCL to complete exposure of the larynx.?

Time required for ETT insertion (tube insertion time, TT) was de-
fined as the time from picking up SAD or MCL to successful inser-
tion of ETT. Besides MCL, TT was measured for the time required to
perform blind intubations through SADs.

Time to first ventilation (FVT) was defined as the time from
picking up SAD or MCL to successful first ventilation. Successful
first ventilation was confirmed by chest rise of the manikin on
bagging with a bag-valve mask. Intubation failure was defined as
esophageal intubation or exceeding the time limit of 60 seconds.

Statistical analysis

The data were compiled using a standard spreadsheet application
(Excel, Microsoft, Redmond, WA, USA) and were analyzed using
the IBM SPSS Statistics ver. 22 (IBM Corp., Armonk, NY, USA). We

‘ 95 Assessed for eligibility ‘

Y

——— > 0 Excluded

‘ Randomization ‘

A Y A Y
24 Group A 24 Group B 24 Group C 23 Group D
1. MCL 1. i-gel 1. air-Q 1. LMA Fastrach
2. i-gel 2.air-Q 2. LMA Fastrach 2. MCL
3.air-Q 3. LMA Fastrach 3. MCL 3.i-gel
4. LMA Fastrach 4. MCL 4. i-gel 4. air-Q

Y

—

0 Lost to follow up

95 Analyzed ‘

Y

1.95 MCL
2. 95 i-gel
3.95air-Q
4. 95 LMA Fastrach

Fig. 1. Flow diagram. MCL, Macintosh laryngoscope.
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generated descriptive statistics and presented them as frequen-
cies and percentages for the categorical data and median with in-
terquartile range for the continuous data. In comparison of the in-
tubation time among the 4 devices, the Friedman test was used
for continuous variables. A post-hoc analysis was conducted with
the Wilcoxon rank-sum test using the Bonferroni correction. The
Kaplan-Meier analysis was performed to analyze the cumulative
success rate regarding intubation time. A post-hoc analysis was
also performed using the log-rank test with the Bonferroni correc-
tion. For all analyzed data, P-value was calculated by two-sided
tests and P<0.05 was considered statistically significant. In con-
trast, in post-hoc analysis, P <0.0083 was considered significant.

RESULTS

Ninety-five participants were enrolled (Fig. 1). There were no ex-
clusions in our study. The baseline characteristics of the partici-
pants are shown in Table 1. DT and TT for i-gel were significantly
shorter than that for the other 3 devices, whereas DT and TT for
LMA Fastrach was the longest among the 4 devices (all P<0.0083)
(Table 2). FVT using 3 SADs was the shortest for the i-gel and
air-Q (all P< 0.0083; i-gel vs. air-Q, P=0.03). However, FVT for
LMA Fastrach was the longest among the 4 devices (all P<0.0083)
(Table 2). TT-DT was the shortest for i-gel among 3 SADs (all P<
0.0083), and that for i-gel was not significantly different from
MCL (P=0.05) (Table 2). FVT-TT was the shortest for air-Q among
3 SADs (all P<0.0083) and that for LMA Fastrach was the lon-
gest among the 4 devices (all P<0.0083) (Table 2). The i-gel and
MCL showed the highest cumulative success rate (all P<0.0083;
i-gel vs. MCL, P=0.12). In contrast, air-Q had the lowest cumu-

Table 2. Comparison of intubation time

Blind intubation using supraglottic airway devices

lative success rates among 4 devices (Fig. 2). The success rate for
air-Q was the lowest among the 4 devices within 3 intubation
attempts. Air-Q showed persistently low success rates, even when
the number of intubation attempts increased (Fig. 3).
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P-value”? <0.001 <0.001 0.12 <0.001 <0.001 <0.001

air-Q LMAFastrach  MCL LMA Fastrach  MCL

Fig. 2. Cumulative success rate of first ventilation time (FVT). Only the
intubation time required for first intubation attempt was used for the
analysis. MCL, Macintosh laryngoscope. “Calculated by Log-rank test
with Bonferroni correction. P<0.0083 is considered significant.

DT (sec) TT (sec) FVT (sec) TT-DT (sec) FVT-TT (sec)
i-gel 3.1(2.3-4.9) 10.5 (8.0-14.0) 17.2 (13.2-21.0) 7.0 (4.0-9.8) 6.3 (3.0-8.0)
Air-Q 5.0 (3.1-7.0) 15.0 (10.0-19.2) 15.8 (10.2-24.0) 9.6 (6.0-13.0) 3.9 (2.3-7.0)
LMA Fastrach 8.0 (5.0-10.0) 20.0 (14.0-26.0) 27.6 (21.0-34.0) 12.0 (6.0-13.0) 7.0 (3.9-10.0)
MCL 4.8 (3.2-6.5) 12.6 (10.3-15.5) 22.0(18.6-25.4) 7.3 (5.0-10.0) 9.8 (6.9-11.8)
P-value <0.001 <0.001 <0.001 <0.001 <0.001

P-value?
i-gel vs. Air-Q <0.001 <0.001 0.03 0.001 <0.001
i-gel vs. LMA Fastrach <0.001 <0.001 <0.001 <0.001 0.354
i-gel vs. MCL <0.001 0.002 <0.001 0.05 0.001
Air-Q vs. LMA Fastrach <0.001 <0.001 <0.001 0.02 <0.001
Air-Q vs. MCL 0.73 0.1 <0.001 0.04 <0.001
LMA Fastrach vs. MCL <0.001 <0.001 0.001 <0.001 0.007

Continuous variables are given as median (interquartile range). The intubation time from first intubation attempt only is used for analysis. P-value was calculated by Fried-

man test and P<0.05 is considered significant.

DT, device insertion time; TT, tube insertion time; FVT, first ventilation time; MCL, Macintosh laryngoscope.
?Calculated by Wilcoxon rank-sum test with Bonferroni correction in post hoc analysis. P <0.0083 is considered significant.

78

www.ceemjournal.org



Young Yong Kim, et al.

B j-gel B air-Q O LMAFastrach O MCL
100 — o

Success rate (%)

1st attempt 2nd attempt 3rd attempt

No. of attempt

Fig. 3. Comparison of success rate according to the number of intuba-
tion attempts. MCL, Macintosh laryngoscope.

DISCUSSION

It is usually difficult to perform intubation in prehospital emer-
gency care because of patient position and lack of sufficient sup-
port for ETI. Training and maintenance of ETI skills in novice health
care providers is also expensive and time-consuming.® Studies on
ETI and SADs have been performed for prehospital emergency
care.®?'° Based on these studies, SADs are needed for early airway
management. Tracheal intubation through SADs is also required
in prehospital emergency care.

In this study, i-gel DT and TT-DT were shortest (Table 2). These
results were the same as in previous studies (Table 2).”"" Because
i-gel is a non-inflation-cuff device, it could be inserted easier and
faster than an inflation-cuff device such as a LMA Fastrach.” In
contrast, as in a previous study, we found that LMA Fastrach took
the longest time for DT."* The insertion time was prolonged be-
cause of the rigid structure of the devices during insertion, and
because inflation of the cuff requires more time.” One study re-
ported that LMA Fastrach showed shorter tube passing time than
air-Q." This may be due to use of a specific tube for LMA Fas-
trach that is wire-reinforced, and a soft-tip PVC tube is not stan-
dard. We considered that the use of a non-flexible PVC tube pro-
longed the tube passing time for LMA Fastrach in our study.”'

For this study, we chose the SAD insertion maneuvres that
showed the highest success rate in previous studies.""*"” Addi-
tionally, PVC ETT was used for all 4 devices. For cumulative success
rate, i-gel was the highest among 3 SADs and not significantly
different from MCL (Fig. 2). In contrast, the success rate of blind
intubation through i-gel was lower than that for LMA Fastrach in
previous studies, as compared with those of our study.”"'®"®

Clin Exp Emerg Med 2016;3(2):75-80
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However, we considered whether the difference was related to the
intubation experience of the participants or type of tracheal tube,
and whether the manikin or patients had an effect on the results.
In previous studies, experts in intubation rather than novices per-
formed intubation on patients or manikins.”"'®'® Although they
were not used to blind intubation through i-gel or LMA Fastrach,
there was the consideration of adaptation to new equipment
(SADs) because of proficiency with intubation. We also surmised
novices preferred the easy teshnique and simplicity of i-gel, com-
pared to LMA Fastrach, unlike the experts in intubation.”® These
characteristics of i-gel might result in better intubation perfor-
mance in a novice. A study by Theiler et al. used a reinforced 7.0
mm single-use ILMA tracheal tube, as compared to our study us-
ing a PVC tube." We considered that the success rate of blind tra-
cheal intubation using LMA Fastrach was influenced by the type
of tube used, and a PVC tube through LMA Fastrach resulted in a
lower success rate for blind intubation in our study.”

Both i-gel and air-Q were faster than other devices for FVT (Ta-
ble 2). We assumed that either the short TT-DT for i-gel or the
short FVT-TT for air-Q resulted in an overall decrease of FVT. The
success rate for intubation using i-gel was almost as high as with
MCL. Hence, i-gel was felt to show overall good intubation perfor-
mance. However, air-Q showed the lowest success rate, with fre-
quent esophageal intubations (Figs. 2, 3). These results were con-
sistent with those of previous studies.'*? The reason was suppos-
edly because the elevation ramp of air-Q for facilitating intubation
was insufficient to guide the ETT toward the laryngeal inlet cor-
rectly.”

There were several limitations in our study. First, we used an
airway manikin to simulate a normal patient airway. Thus, the
measured intubation performance in this study could differ from
that of actual blind intubation through SADs. Secondly, we only
used a PVC ETT in this study. However, it has been reported in
several studies that the use of a wire-reinforced ETT improved in-
tubation performance.'*?' Therefore, the effect of a wire-rein-
forced ETT on intubation performances needs to be reevaluated.

In conclusion, blind intubation through i-gel showed almost
equal intubation performance compared to direct laryngoscopy.
More studies on tracheal intubation through SADs in prehospital
emergency care should be conducted.
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