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Abstract

Background Previous studies have shown the utility of

indirect glottis viewing videolaryngoscopes for tracheal

intubation during chest compression, but the efficacy of a

videolaryngoscope with tube guide has not been suffi-

ciently validated. We compared the utility of two video-

laryngoscopes, the KingVISION� (KingV) with or without

tube guide blade and Pentax-AWS Airwayscope� (AWS),

which contain tube guide function, during chest compres-

sions on an adult manikin.

Methods Twenty-five novice doctors and 22 experienced

anesthesiologists performed tracheal intubation on an adult

manikin using the AWS and KingV with or without chest

compressions. The KingV trials were performed either with

a tube guide ‘channeled blade’ (KingV-Guided) or without,

using a ‘standard blade’ (KingV-Guideless).

Results In the KingV-Guideless trial, all novice doctors

successfully secured the airway without chest compres-

sions but seven failed with chest compressions (p\ 0.05),

while no experienced doctors failed without chest com-

pression and two did during chest compression. In the

AWS and KingV-Guided trials, all participants succeeded

both with and without chest compressions performed by

both novice doctors and experienced anesthesiologists.

Intubation time was lengthened significantly by chest

compressions in the KingV-Guideless trial (p\ 0.05), but

not in the AWS or KingV-Guided trials performed by both

novice doctors and experienced anesthesiologists. The

intubation time for KingV-Guided during chest

compression was significantly smaller by experienced

anesthesiologists compared to by novice doctors.

Conclusions These findings suggest that the AWS and

KingV-Guided devices are more effective than the KingV-

Guideless for airway management with chest compressions

in adult simulations, especially performed by novice doc-

tors. The tube guide function may contribute to successful

airway management during chest compression by the

added videolaryngoscopy function.
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Introduction

The European Resuscitation Council (ERC) cardiopulmo-

nary resuscitation (CPR) guidelines emphasize the impor-

tance of minimizing chest compression interruptions to

maximize coronary and cerebral perfusion pressure. The

guidelines also suggest that rescuers should be able to

secure the airway without interrupting chest compressions

to visualize vocal cords and allow passage of the tracheal

tube [1, 2].

The Pentax Airwayscope� (AWS; Hoya, Tokyo, Japan)

is a videolaryngoscope reported to provide an indirect view

of the airway and easy and definite tracheal intubation with

tube guide [3]. Previous simulation studies have found that

the AWS is useful not only for difficult airway manage-

ment but also for emergent tracheal intubation with chest

compressions [4–6]. The KingVISION� (KingV; King-

Systems, Noblesville, USA) is a device that has been

developed with a high-resolution video camera, providing

indirect views of the glottis and tube guide or guideless
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blade available. Utility of KingV are also reported in var-

ious situations involving difficult airways [7, 8]. While the

AWS and KingV contain similar indirect glottis viewing

function for difficult or emergent airway management,

there have been no studies comparing the utility of these

two devices during resuscitation situations. Furthermore, it

has been suggested that not only the indirect glottis view-

ing but also the tube guide is effective for tracheal intu-

bation with videolaryngoscope during chest compression

[4–6]. We considered that comparison of KingV with or

without tube guide and AWS, which contain tube guide

function, may clarify the role of tracheal tube guide func-

tion of videolaryngoscope for tracheal intubation during

chest compression.

The present study aimed to determine which of the two

devices would improve intubation in simulations with chest

compressions and whether tube guide function may con-

tribute to the rapid and definite tracheal intubation during

chest compression. To this end, we compared the perfor-

mance of the AWS versus the KingV with or without tube

guide for tracheal intubation by novice doctors or experi-

enced anesthesiologists in a manikin simulation with chest

compressions.

Materials and methods

This study was approved by the institutional review board of

Osaka Medical College, and written informed consent was

obtained from each participant. For the evaluation of clinical

experience difference, novice doctors and experienced

anesthesiologists were recruited. FromMay to August 2014,

25 novice doctors who attended an anesthesiology training

module at Osaka Medical College were recruited. Novice

doctors performed trials when they had completed

1.0 month of anesthesia training with 20–30 tracheal intu-

bation experience with Macintosh laryngoscope. Twenty-

two experienced anesthesiologists with more than 2 years of

clinical experience were recruited from anesthesiology

training simulation course that was held on July 5 and 6, and

August 2 and 9, 2014. Their clinical experience of anesthesia

was about 6.5 ± 4.5 years. Participants completed a ques-

tionnaire about their previous experience with airway man-

agement using the AWS and KingV.

The ALS simulator� (Laerdal, Sentrum, Stavenger,

Norway) manikin was used to perform intubation and chest

compressions. A size 3 blade and a standard Intlock blade

were used for the KingV and the AWS, respectively. KingV

trials were performed either with the tube guide ‘channeled

blade’ (KingV-Guided) or with a ‘standard blade’ (KingV-

Guideless) (Fig. 1). Tracheal tubes (Portex, St. Paul, MN,

USA) with an internal diameter of 7.5 mm were used [9].

The manikin was placed on a hard, flat table for an ‘‘on

the bed’’ simulation. Chest compressions were performed

by the same Advanced Life Support instructor at a depth of

about 5 cm and a rate of 100 compressions per minute in

accordance with current guidelines.

Each participant was instructed to insert the tracheal

tube, attach a bag valve mask, and attempt to ventilate the

lungs of the manikin. Participants were given 5 min to

practice intubation, with the instructor available to give

advice. The necessary equipment for each trial was placed

in a box next to the manikin’s head. Intubation time started

when the participant picked up the AWS, KingV-Guided,

or KingV-Guideless and ended at the point of manual

ventilation after tube insertion. Intubation times were

recorded for both tracheal and esophageal intubations. At

the end of the study, participants rated the difficulty of

using each device for laryngoscope imaging and passage of

the tracheal tube through the glottis on a visual analog

scale (VAS) from 0 mm (extremely easy) to 100 mm

(extremely difficult) [10].

Results obtained from each trial were compared using

two-way repeated-measures analysis of variance for intu-

bation time and VAS, and Fisher’s exact test for the suc-

cess rate. Data are presented as mean ± SD. p\ 0.05 was

considered statistically significant.

The study was designed as a randomized crossover trial

to minimize the learning curve effect. The order of inter-

vention was randomized for each participant by a random

table number, which yielded a total of six interventions per

participant.

Results from eight doctors in the preliminary study

showed that the time required for successful intubation

with the AWS was approximately 14 ± 4 s. We consid-

ered 5 s as a clinically meaningful difference. We esti-

mated that 22 participants would be adequate for two

independent groups, and set a = 0.05 and b = 0.2.

Results

None of the novice doctors had any clinical experience

with the KingV, while three participants had used the AWS

one time each. All experienced anesthesiologists had

clinical experience with AWS for 84.3 ± 36.3 times, while

they had used KingV for 2.3 ± 4.5 times.

Tracheal intubation success with the AWS or KingV

Numbers of successful tracheal intubations by novice doc-

tors for each device are displayed in Table 1. With the

KingV-Guideless, no participant failed to achieve intubation

without chest compressions, and seven failed with chest

compressions (p\ 0.05). All intubation attempts using the
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AWS and KingV-Guided devices were successful, regard-

less of whether or not chest compressions were performed.

Intubation success rate by experienced anesthesiologists

for each device are displayed in Table 2. With the KingV-

Guideless, no participant failed to achieve intubation

without chest compressions, and one failed with chest

compressions (p = 0.48). Intubation attempts using the

AWS and KingV-Guided devices were all successful with

or without chest compressions.

For the comparison of novice doctor and experienced

anesthesiologists, the success rate was not significantly dif-

ferent during chest compression in KingV-Guideless trial

(p = 0.13).

Intubation time with the AWS or KingV

Figure 2 shows the intubation time with AWS or KingV by

novice doctors (Fig. 2a) and experienced doctors (Fig. 2b).

Tracheal intubation with the KingV-Guideless required

significantly more time with chest compressions than

without compressions (p\ 0.05). In contrast, chest com-

pressions did not significantly increase the intubation time

with the AWS or KingV-Guided.

In both novice doctors and experienced anesthesiolo-

gists, intubation time without chest compressions did not

significantly differ among the three different trial con-

ditions. The time required for intubation with chest

compressions was also significantly shorter in the AWS

or KingV-Guided trials than with the KingV-Guideless in

both groups (p\ 0.05).

For the comparison for of experiences of participants,

the intubation time was significantly shorter in experienced

anesthesiologists than in novice doctors during chest

compression in KingV-Guideless trial (p\ 0.05).

Fig. 1 Laryngoscopes used in

the study. a Pentax AWS

Airwayscope� with normal

Intlock, b KingVISION�

laryngoscope with channeled

blade (guided), c KingVISION�

laryngoscope with standard

blade (guideless)

Table 1 Tracheal intubation success rates for KingV and AWS with

and without chest compressions by novice doctors

Without chest

compression

(successful/total)

With chest

compression

(successful/total)

p value

(Fisher’s

exact test)

AWS 25/25 25/25 1.00

KingV-

Guided

25/25 25/25 1.00

KingV-

Guideless

25/25 18/25 0.004*

KingV KingVISION� laryngoscope, AWS Pentax AWS

Airwayscope�

Values are presented as number of participants who achieved suc-

cessful intubation/number of participants who attempted intubation.

* p\ 0.05

Table 2 Tracheal intubation success rates for KingV and AWS with

and without chest compressions by experienced anesthesiologists

Without chest

compression

(successful/total)

With chest

compression

(successful/total)

p value

(Fisher’s

exact test)

AWS 22/22 22/22 1.00

KingV-

Guided

22/22 22/22 1.00

KingV-

Guideless

22/22 20/22 0.48

KingV KingVISION� laryngoscope, AWS Pentax AWS

Airwayscope�

Values are presented as number of participants who achieved suc-

cessful intubation/number of participants who attempted intubation
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VAS scores for laryngoscopy and tube passage through

the glottis with the AWS or KingV devices

We show the VAS score by novice doctors in Fig. 3a, b.

Difficulty of laryngoscopy operation according to the

VAS showed no significant increases with chest com-

pressions in all three trial situations, while the ratings for

tube passage through the glottis increased with com-

pressions only when using the KingV-Guideless

(p\ 0.05). VAS ratings for laryngoscopy by novice

doctors with the AWS did not differ significantly from

those with the KingV-Guided or KingV-Guideless,

regardless of chest compression. In contrast, VAS ratings

for tube passage through the glottis were significantly

higher in the KingV-Guideless trial relative to the AWS

or KingV-Guided trials, both with and without chest

compressions (p\ 0.05).

VAS for laryngoscopy and tube passage through the

glottis by experienced anesthesiologists is shown in

Fig. 3c, d. The VAS ratings for laryngoscopy did not

change by chest compression or among the devices. The

rating of VAS for tube passage glottis was significantly

higher in KingV-Guideless than in KingV-guide or AWS

during chest compression (p\ 0.05), but not without chest

compression.

For the comparison for of experiences of participants,

both VAS for laryngoscopy or tube passage through the

glottis was significantly smaller in experienced anesthesi-

ologists than in novice doctors among the three devices

regardless of chest compression (p\ 8).

Discussion

Current ERC-CPR guidelines emphasize the importance of

continuous chest compression with as few interruptions as

possible, even for airway management efforts [1, 2]. Sev-

eral studies have shown that prolonged interruption of

chest compressions is associated with both decreased cor-

onary and cerebral perfusion and reduced venous return to

the heart, resulting in low survival rates and impaired post-

resuscitation myocardial function [11].

Airway management is considered an essential element,

particularly for in-hospital CPR. While the conventional

direct view laryngoscope such as the Macintosh laryngo-

scope is used most widely for tracheal intubation, the skills

required for use are difficult to master, and the incidence of

inaccurate intubation can be unacceptably high for occa-

sional operators [12, 13].

The AWS is a videolaryngoscope for tracheal intubation

designed to provide a clear view of the glottis and its

surrounding structures. The AWS improves the laryngeal

view, and its tube guide facilitates rapid and reliable

Fig. 2 Time elapsed for

simulated tracheal intubation

with and without chest

compressions for the three trial

conditions showing a time to

intubation by novice doctors

and b time to intubation by

experienced doctors. KingV

KingVISION� laryngoscope,

AWS Pentax AWS

Airwayscope�; white box

without compressions; black

box with compressions. Results

are expressed as mean ± SD

and were analyzed by two-way

analysis of variance. NS no

significant difference;

* p\ 0.05 compared to without

chest compression. # p\ 0.05

compared to the KingV-

Guideless

cFig. 3 Visual analog scale for simulated tracheal intubation with and

without chest compressions for the three trial conditions. a Laryngo-

scope image and b passage of the tube through the glottis by novice

doctors. c Laryngoscope image and d passage of the tube through the

glottis by experienced doctors. KingV KingVISION� laryngoscope,

AWS Pentax AWS Airwayscope�; white box without compressions;

black box with compressions. Results are expressed as mean ± SD

and were analyzed by two-way analysis of variance. NS no significant

difference; * p\ 0.05 compared to without chest compression.
# p\ 0.05 compared to the KingV-Guideless
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tracheal intubation under vision, even in difficult cases such

as cervical neck immobility or morbid obesity [14, 15].

Increasing evidence indicates that the AWS is suitable for

tracheal intubation during various difficult airway man-

agement and emergency situations [4–6].

The KingV is an affordable, durable, and portable video

laryngoscope. KingV is an indirect laryngoscopy, not only

for routine intubations but also for difficult tracheal intu-

bations [7, 8]. The KingV accommodates minimum mouth

openings of 13 mm for the standard blade (KingV-Guide-

less) and 18 mm for the channeled blade (KingV-Guided).

The KingV offers clinicians an immediate and clear view

of the vocal cords, allowing for more accurate intubation

while minimizing soft tissue manipulation.

In the KingV-Guideless trial, all novice doctors suc-

ceeded in tracheal intubation with chest compression with

the tube guide, but a significant number failed without it.

Two experienced anesthesiologists also failed during chest

compression in the KingV-Guideless trial. Intubation time

was also lengthened by chest compression in the KingV-

Guideless trial, but not in the KingV-Guided trial per-

formed by novice doctors and experienced anesthesiolo-

gists. As for the comparison of clinical experience

difference, intubation time was generally smaller by

experienced anesthesiologists than by novice doctors. Both

groups succeeded in tracheal intubation with AWS or

KingV-Guided with or without chest compression. How-

ever, chest compression significantly lengthened intubation

time in the KingV-Guideless trial in both groups, with

significant decrease in success rate in novice doctor groups.

One probable reason for difficulties experienced with

the KingV-Guideless is that the glottis, but not the tube,

moved during chest compressions, and thus the relative

positions of the glottis and tube were unstable. With both

the AWS and the KingV-Guided, the tube and glottis move

simultaneously and their relative positions remain the

same, leading to easy and safe tracheal intubation. Fur-

thermore, a tracheal tube can be easily inserted through its

built-in conduit in the AWS or the KingV-Guided. Once

the glottis is aligned in the monitor of the AWS or KingV-

Guided, the tracheal tube is pushed, allowing passage

through the vocal cords. The tube guide function of the

AWS or KingV may facilitate easy and definite tracheal

intubation during chest compression. In our previous study

evaluating intubation devices during chest compression, we

showed the superiority of AWS to McGRATH MAC�,

which provides both direct and indirect glottis view but

does not contain tube guide [16]. The difference of AWS

and McGRATH MAC� performance may be partially

associated with or without tube guide existence. Another

study comparing the utility of AWS and Glidescope�,

which does not contain tube guide for tracheal intubation

during chest compression, showed prolonged intubation

time of Glidescope� compared to AWS. The difference

may be also attributed to the existence of tube guide [17].

This study has several limitations worth noting. First,

the simulations do not account for factors such as blood,

vomit, or sputum in the oropharynx; they also do not

include the risk of blurred images due to fogging of the

AWS or the KingV monitor [18]. In cases that involve

bleeding or vomiting, the KingV may be more useful, as it

provides a direct view. Second, use of either of these

devices may be less than ideal in patients with severely

restricted mouth openings [19]. Third, chest compressions

and intubation were performed on a manikin, which leads

to shorter airway intervention times than that required for

actual patients [20]. Fourth, asking the reason of difficult

laryngoscopy or tube passage through the glottis may also

be informative. Finally, homogeneity of CPR techniques

cannot always be assured in clinical situations.

Future studies should investigate the effect of clinical

experience accumulation, as well as conducting random-

ized trials using the AWS and KingV in which actual

patients receive CPR. The present study findings suggest

that both the AWS and the KingV-Guided devices are more

effective than the KingV-Guideless for airway manage-

ment with chest compressions in adult simulations, espe-

cially by novice doctors. The tube guide may contribute to

the successful airway management during chest compres-

sion due to the videolaryngoscope function.
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