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Abstract

Purpose In the 2010 American Heart Association guide-

lines, supraglottic devices (SGDs) such as the laryngeal

mask are proposed as alternatives to tracheal intubation for

cardiopulmonary resuscitation. Some SGDs can also serve

as a means for tracheal intubation after successful ventila-

tion. The purpose of this study was to evaluate the effect of

chest compression on airway management with four intu-

bating SGDs, aura-i� (aura-i), air-Q� (air-Q), i-gel� (i-gel),

and Fastrack� (Fastrack), during cardiopulmonary resusci-

tation using a manikin.

Methods Twenty novice physicians inserted the four in-

tubating SGDs into a manikin with or without chest com-

pression. Insertion time and successful ventilation rate

were measured. For cases of successful ventilation, blind

tracheal intubation via the intubating SGD was performed

with chest compression and success or failure within 30 s

was recorded.

Results Chest compression did not decrease the ventila-

tion success rate of the four intubating SGDs (without chest

compression (success/total): air-Q, 19/20; aura-i, 19/20;

i-gel, 18/20; Fastrack, 19/20; with chest compression: air-

Q, 19/20; aura-i, 19/20; i-gel, 16/20; Fastrack, 18/20).

Insertion time was significantly lengthened by chest com-

pression in the i-gel trial (P \ 0.05), but not with the other

three devices. The blind intubation success rate with chest

compression was the highest in the air-Q trial (air-Q, 15/19;

aura-i, 14/19; i-gel, 12/16; Fastrack, 10/18).

Conclusions This simulation study revealed the utility of

intubating SGDs for airway management during chest

compression.

Keywords aura-i� � air-Q� � i-gel� � Fastrack� � Chest

compression � Manikin � Novice physicians

Introduction

Securing the airway during cardiopulmonary resuscitation

(CPR) is technically challenging and is influenced by the

location and position of the patient and skills of the rescuer.

The American Heart Association (AHA) 2010 guidelines

suggest supraglottic devices (SGDs), such as the laryngeal

mask (LMA), as alternatives to tracheal intubation during

CPR [1, 2]. A number of reports suggest that SGDs have

advantages over ordinary tracheal intubation for airway

management under emergency situations, such as cardio-

pulmonary arrest. However, tracheal intubation is preferred

in situations such as transfer of the patient or mechanical

ventilation after recovery of spontaneous circulation [2].

Several SGDs have unique features that render them

useful for difficult or emergency airway management [3, 4].

One such SGD is the intubating SGD, which allows tracheal
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intubation via the inner lumen [5, 6]. Although several types

of intubating SGDs are commercially available [7, 8], they

have not been compared or evaluated for airway manage-

ment during chest compression.

This study aimed to compare the performance of four

intubating SGDs [air-Q� (‘‘air-Q’’; Cookgas LLC, Mercury

Medical, USA), i-gel� (‘‘i-gel’’; InterSurgical, USA),

Ambu aura-i (‘‘aura-i’’; Ambu, Denmark), and the single-

use LMA Fastrack� (‘‘Fastrack’’; Laryngeal Mask, Prodol

Meditec, Spain)] for emergency airway management dur-

ing chest compression. Our primary endpoint was the

evaluation of these four intubating SGDs for successful

ventilation with or without chest compression, and the

secondary endpoint was the evaluation of blind intubation

via these intubating SGDs after successful ventilation.

Materials and methods

This study was approved by the Research Ethics Com-

mittee of Hyogo College of Medicine. Twenty-two novice

physicians at Hyogo College of Medicine with less than 1

year of experience with anesthesia were targeted; 20 agreed

to participate and provided written consent. We asked the

doctors about their prior experience with general anesthesia

and usage of the intubating SGDs.

The AirMan (Laerdal, Sentrum, Stavanger, Norway)

was used as the manikin for chest compression, intubating

SGD insertion, and intubation. Size 3.5 air-Q and size 4

aura-i, i-gel, and Fastrack devices were used. The neces-

sary equipment for each simulation was placed in a box

next to the manikin. Participants were given 10 min to

practice with the four intubating SGDs before the trials.

The manikin was placed on a hard and flat floor to simulate

‘‘on the bed’’ conditions (Fig. 1). According to published

guidelines, the same Advanced Cardiac Life Support

(ACLS) instructor performed chest compressions at a rate

of 100 per minute at a depth of 5 cm according to the

AHA2010 guideline [1, 9].

This study adopted a randomized crossover design to

minimize learning effects. Participants inserted each of the

four devices with or without chest compression. This ran-

domization process resulted in a total of eight trials per

participant, which was determined by a random numbers

list. The study protocol is shown in Fig. 2. We first eval-

uated the utility of the four devices for ventilation with or

without chest compression. Participants who achieved

successful ventilation then attempted to intubate the man-

ikin’s trachea via the intubating SGD during chest com-

pression. In the first part of the study, participants inserted

each of the four intubating SGDs, inflated their cuffs with

20 ml air for the aura-i or Fastrack device, connected the

devices to a bag-valve mask, and attempted to ventilate the

manikin’s lungs. A fixed volume of air was administered to

evaluate the utility of the aura-i or Fastrack device in

emergent airway management. We decided on 20 ml based

on results of a preliminary study. We did not administer air

during the air-Q trial based on the manufacturer’s

instructions. Insertion times from the startpoint to the

endpoint were recorded; the startpoint was when the par-

ticipant picked up the intubating SGD, and the endpoint

was manual ventilation after insertion, regardless of suc-

cess or failure in inflating the manikin’s lungs. After suc-

cessful insertion, chest compression was temporarily

stopped and participants were told to perform ventilation

with a 2-l bag-valve mask (Laerdal Silicone Resuscitator,

Sentrum). Ventilation was considered successful when the

manikin’s chest visibly rose.

In the second part of the study, participants who suc-

cessfully ventilated the manikin then attempted blind tra-

cheal intubation via the intubating SGD. Continuous chest

compression was performed by the same ACLS instructor.

A tracheal tube with an internal diameter of 7.0 mm

(Portex, USA) was used. We did not perform this trial

without chest compression because our main aim is the

evaluation of tracheal intubation via intubating SGD during

chest compression.

air-Q aura-i i-gelFastrack

Fig. 1 Image of the four intubating supraglottic devices used in the

study. air-Q air-Q laryngeal mask airway�, i-gel i-gel supraglottic

airway�, aura-i Ambu aura-i�, Fastrack Fastrack single use�

Insertion of air-Q, aura-i, i-gel, or Fastrack
with or without chest compression

End

Ventilation unsuccessfulVentilation successful

Blind tracheal intubation via air-Q, aura-i, 
i-gel, or Fastrack during chest compression

within 30 seconds

Intubation successful Intubation unsuccessful

Fig. 2 Study protocol for evaluating the four intubating supraglottic

devices. air-Q air-Q laryngeal mask airway�, i-gel i-gel supraglottic

airway�, aura-i Ambu aura-i�, Fastrack Fastrack single use�
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In the second study, intubation started when the partic-

ipant picked up the tracheal tube and ended at the point of

manual ventilation with a bag-valve mask after tube

insertion. Tracheal intubation via intubating SGD was

performed blindly. When the tracheal tube was inserted

into the esophagus or the intubating SGD was dislodged,

the participant could try again as many times as needed

within the time limit of 30 s. Time measurement stop was

not performed in such failed cases. Success or failure of

tracheal intubation (visible chest rise with bag-valve mask)

within 30 s was recorded.

Results obtained from each trial were compared by two-

way repeated-measures analysis of variance for insertion

time. The chi-squared test was used to compare rates for

successful ventilation or successful intubation during chest

compression. Data are presented as mean ± SD. P \ 0.05

was considered statistically significant.

Results of our preliminary study with 9 novice physi-

cians showed that the time required to ventilate the lungs

after successful insertion of the air-Q was approximately

10 ± 3 s. We considered 3 s as the clinically meaningful

difference between the groups. Using an a error of 0.05

and b error of 0.2, we estimated that 18 participants would

be required for evaluation of the effect by chest

compression.

Results

The average clinical experience of the participants with

anesthesia was 3.2 ± 1.6 months. None of the participants

had used any of the four intubating SGDs before this

study.

Number of successful ventilations

Table 1 shows the number of successful ventilations. Chest

compression did not decrease the insertion success rate of

the four intubating SGDs [without chest compression

(success/total): air-Q, 19/20; aura-i, 19/20; i-gel, 18/20;

Fastrack, 19/20; with chest compression: air-Q, 19/20;

aura-i, 19/20; i-gel, 16/20; Fastrack, 18/20].

Insertion times

Table 2 shows insertion times for the four intubating SGDs

with or without chest compression. Insertion time was

significantly lengthened by chest compression in the i-gel

trial (P \ 0.05), but not with the other three intubating

SGDs (air-Q: 6.7 ± 1.8 s without chest compression vs.

7.6 ± 2.5 s with chest compression; aura-i: 6.6 ± 1.7 s

without chest compression vs. 7.7 ± 2.2 s with chest

compression; i-gel: 6.2 ± 2.1 s without chest compression

vs. 10.2 ± 1.9 s with chest compression; Fastrack:

7.3 ± 1.7 s without chest compression vs. 9.5 ± 2.3 s with

chest compression).

Number of successful blind intubations with chest

compression

Table 3 shows the blind intubation success rate with the

four intubating SGDs during chest compression. The

intubation success rate with chest compression was the

highest in the air-Q trial (air-Q, 15/19; aura-i, 14/19; i-gel,

12/16; Fastrack, 10/18).

Discussion

SGDs are recommended by professionals for rescue ven-

tilation in cases of failed intubation [10]. The utility of

conventional LMAs, such as the LMA-Classic�, LMA-

ProSeal�, and Soft Seal� LMA, for rescue ventilation has

been previously reported. New SGDs have been developed

to improve on conventional LMAs. Anatomically curved

Table 1 Number of successful ventilation trials with or without chest

compression

air-Q aura-i i-gel Fastrack

Without chest compression 19/20 19/20 18/20 19/20

During chest compression 19/20 19/20 16/20 18/20

Success number/total number

air-Q air-Q laryngeal mask airway�, i-gel i-gel supraglottic airway�,

aura-i Ambu aura-i�, Fastrack Fastrack single use�

Table 2 Ventilation time with or without chest compression

air-Q aura-i i-gel Fastrack

Without chest

compression

6.7 ± 1.8 6.6 ± 1.7 6.2 ± 2.1 7.3 ± 1.7

During chest

compression

7.6 ± 2.5 7.7 ± 2.2 10.2 ± 1.9* 9.5 ± 2.3

air-Q air-Q laryngeal mask airway�, i-gel i-gel supraglottic airway�,

aura-i Ambu aura-i�, Fastrack Fastrack single use�

* p \ 0.05 compared to without chest compression

* p \ 0.05

Table 3 Number of successful blind intubations during chest

compression

air-Q aura-i i-gel Fastrack

During chest compression 15/19 14/19 12/16 10/18

Success number/total number

air-Q air-Q laryngeal mask airway�, i-gel i-gel supraglottic airway�,

aura-i Ambu aura-i�, Fastrack Fastrack single use�
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SGDs, such as LMA-Supreme�, air-Q, and aura-i allow for

easy insertion [11, 12]. Non-cuff-type SGDs, such as the

i-gel, also exist [13]. As improved versions of SGDs, in-

tubating SGDs that can serve as a conduit for tracheal

intubation have also been developed. The utility of intu-

bating SGDs for the management of difficult airways has

been reported in several clinical situations [14, 15].

SGDs are suited for difficult airway management,

especially in a ‘‘cannot intubate, cannot ventilate’’ situation

[16]. The concept of ‘‘difficult airway management’’

includes physical difficulties associated with the patient,

such as a small jaw and restricted opening of the mouth; it

also includes several situations that make airway manage-

ment more difficult [17]. Airway management during CPR

is often performed under restricted situations resulting

from severe head and neck trauma and victim position.

Thus, SGDs are not only useful for physically difficult

airways but also for such situation-specific difficult

airways.

Airway management is considered as an essential ele-

ment of both in-hospital and out-of-hospital CPR. Tracheal

intubation is the most widely used method for airway

management, but it is considered difficult for those who do

not routinely perform this technique [18]. The AHA-ACLS

guidelines emphasize avoiding interruptions of chest

compression as much as possible, even for airway man-

agement [1, 2].

Securing definite ventilation during resuscitation is the

effective oxygenation of the lungs and brain, leading to the

recovery of spontaneous circulation [1]. From this point of

view, application of intubating SGDs is effective because

these devices are easy to insert even with chest compres-

sion. After ventilation is confirmed, rescuers can perform

tracheal intubation via the inner lumen of intubating SGDs

[19].

In comparison of the four intubating SGDs, only the

i-gel showed a lower success number compared to the other

three devices. Furthermore, i-gel showed significant

increase of insertion time by chest compression. One

probable reason for this is the other three intubating SGDs

have an anatomically shaped curve but the i-gel does not.

For tracheal intubation through intubating SGDs, several

participants failed to achieve blind tracheal intubation

within 30 s. There are reports about the utility of fiberoptic

bronchoscopy for definite tracheal intubation through in-

tubating SGDs [14, 20]. Thus, intubation utilizing fiber-

optic bronchoscopy may be appropriate after recovery of

spontaneous circulation.

Another advantage of SGDs is their ease of use by

novice operators. In emergency situations, airway man-

agement is often performed by less experienced physicians.

There are reports that SGDs require less professional skill

and are suited for the novice and occasional operators

[21, 22]. In this study, although participants had no pre-

vious experience using the four intubating SGDs, success

of ventilation during chest compression was more than

80 %. Thus, a short training period with these intubating

SGDs may help improve emergent airway management

among novice physicians.

This study has several limitations. First, use of the in-

tubating SGDs may be difficult for patients with severely

restricted mouth openings, as well as those with foreign

bodies or tumors in the mouth. Second, we used a manikin

rather than real patients. Simulations with a manikin cannot

mimic certain factors encountered in the clinical setting,

such as blood, vomit, or sputum in the oropharynx [22, 23].

Third, the time required for airway intervention in a

manikin is generally shorter than that required in actual

patients [24]. Fourth, in clinical situations, the homoge-

neity of CPR techniques cannot be assured. Accumulation

of data on the clinical use of intubating SGDs in emergency

airway management during resuscitation is needed.

Our simulation study demonstrated that intubating SGDs

are useful for airway management during chest compres-

sion. Insertion success rate did not significantly decrease by

chest compression in all four intubating SGDs. Insertion

times of air-Q, aura-i, and Fastrack did not significantly

lengthen by chest compression but that of i-gel did.
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