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Abstract
Background:

Airway problem is one of the important causes of mortality in pre-hospital deaths and airway opening is
the �rst key step of airway management, so we developed a new device to open the airway. The main aim
of the study was to compare the effects of our airway opening device and the head-tilt/ chin-lift
manoeuvre in airway opening of cardiopulmonary resuscitation (CPR) manikin.  

Methods:

We conducted a randomized manikin study in Chongqing, China. College students aged 18 years or older
and majoring in medicine were enrolled. The participants performed airway opening using the device at 3
different levels of “the angle of position” (PA) or the head-tilt/chin-lift manoeuvre on a manikin in random
order. After opening the airway, participants performed ventilation 2 times. Each participant repeated the
procedures 5 times with a 2-minute rest period. The primary outcome was the number of ventilation
success. The secondary outcome was the device preference reported by the participant.

Results:

Eighty-two medical students were enrolled and completed the study. The number of ventilation success
was signi�cantly increased in the condition of 95° of PA (8, interquartile range [IQR], 8.75-10) and 100° of
PA (8, IQR, 8-10) than in the condition of 90° of PA (8, IQR, 6-9, P <0.001) and the head-tilt/chin-lift
manoeuvre (7, IQR, 5-9, P <0.001). There were no signi�cant differences in the number of ventilation
success between the condition of 95° of PA and 100° of PA, and between the condition of 90° of PA and
the head-tilt/chin-lift manoeuvre (P >0.05). Of 82 participants, 47.6% reported a preference for using the
device in emergencies, while 87.8% preferred it in non-emergencies.

Conclusions:

The device may be considered as a training and evaluation device during the CPR in place of manual
manipulation and opening the airway in the manikin.

1 Background
Airway problem is one of the important causes of mortality in pre-hospital deaths [1,2,3]. It is necessary
for health care staff to implement airway management effectively and timely, maintain airway patency,
and �nally complete the respiratory treatment successfully. The 2020 International Consensus on
Cardiopulmonary Resuscitation (CPR) on basic life support (BLS) for adult still emphasize the
importance of airway management [4]. Such management requires opening the airway effectively. The
manual airway opening methods are commonly used during the CPR, such as the head-tilt, chin-lift, and
jaw-thrust manoeuvre [5,6]. But the correct implementation of the above manoeuvres needs professional
techniques, otherwise it may cause some problems and severe complications, such as incorrect airway
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opening, invalid airway opening, hypoxia, or damage to the heart or the brain [3,7]. Besides, airway
opening is the �rst key step for health care staff to successfully provide an arti�cial airway for critically ill
patients. The optimized position of patients plays an important role in helping medical workers
successfully open the airway of patients especially in the implementation of endotracheal intubation,
di�cult intubation [8], and CPR. Therefore, the sni�ng position is usually recommended as the optimal
position for patients in tracheal intubation during laryngoscopy, as it is considered to achieve alignment
of the mouth axis, pharyngeal axis, and laryngeal axis [9,10,11]. Another common position is the ramped
position, which is mainly used for tracheal intubation of obese patients during laryngoscopy [12,13,14]. In
conclusion, airway opening is a simple but important step in the implementation of airway management
and the optimized position of patients is a decisive factor of successful airway opening. 

In order to appropriately address the above problems, we developed a novel device named the “Airway
Opening Device with Automatic Position Adjustment”, which has been authorized to obtain the Chinese
invention patent (Patent number: ZL 2019 1 0582372.2). As Cook and Rai have suggested that the �rst
experimental stage of the new devices is the manikin study [15,16], thus, the main objective of this study
is to compare the number of ventilation success between the airway opening with the device and the
airway opening with the head-tilt/chin-lift (HT/CL) manoeuvre. We hypothesized that the number of
ventilation success after the participants using the new device for opening the airway would be higher
than that using the HT/CL manoeuvre for opening the airway.  

2 Materials And Methods

2.1 Materials 
Our device consists of mechanical controls and electronic controls. The mechanical controls contain a
head groove that is used to support the head of patients under the head measurement and control
equipment. The head measurement and control equipment is used to measure the values of angles. The
mechanical controls also include a neck lifting equipment, a neck brace, an electronic positioning
adjustment equipment, a back panel, and a horizontal bottom plate. The above structures work together
to protect the cervical spine, elevate the upper body, extend the head, and �ex the neck of patients. The
electronic controls include an operation console, programmable logic controller, and a positioning control
system. It is mainly used to adjust the parameters for airway opening and display relevant data. 

The device is used to open the airway of patients and maintain airway patency by automatically
measuring the values of three important angles and/or adjusting the relative lifting distance (RLD) of the
back panel, based on the design theory of the airway opening principle of CPR and endotracheal
intubation. On the one hand, the �rst angle is called “the mandibular angle” (MA) and formed by the line
between the mandible and the external auditory meatus and the horizontal plane. The second angle is
“the angle of the back panel” (BPA) and formed by the line between the back panel and the horizontal
plane. The third angle is named “the angle of position” (PA) and generated by the line between the back
panel and the projection line of the end face of the MA. Because the form of PA is associated with MA
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and BPA, so we take the degrees of PA as the primary parameter in the process of using the device to
open the airway. Besides, we de�ned the degrees of PA range from 90 to 100, based on the airway
opening criterion of CPR that is MA need to near 90°. On the other hand, the device can extend the head
of patients, �ex the neck, and rise the upper body by lifting the back panel. The range of RLD of the back
panel is 0 to 50 mm, and the absolute lifting distances range from 10.3 to 15.3 cm.  

2.2 Study design and participants
We conducted a prospective randomized, non-blind study to compare the effects of the device with the
HT/CL manoeuvre in opening the airway of a Resusci Anne CPR manikin (Laerdal, Wappingers Falls, NY).
The �nancial source of this work was supported by the Chongqing Science and Technology Commission
under project number cstc2016shmszx130038. After the approval of the First A�liated Hospital of
Chongqing Medical University Institutional Review Board (No. 20205401), the study was conducted in the
Simulation Teaching Centre of Clinical Skills of the First A�liated Hospital of Chongqing Medical
University. We recruited a convenience sample of volunteers to participate in this study. The volunteers
were all college students who aged 18 years or older and majoring in medicine. We obtained written
informed consent from all participants. 

2.3 Study procedures
Before the study began, all participants were trained in standard operating procedures for the device,
HT/CL manoeuvre, and bag-valve-mask (BVM) ventilation technique provided by one medical personnel
with rich experience in emergency treatment and teaching. The above training format included lectures
and teaching, lasting approximately 30 minutes. At the end of the training, participants would practice the
above training content on their own. When they passed the rigorous test, they began to participant in our
study. 

The airway of the same manikin was then opened by each participant using the device at 3 different
levels of PA (Fig.1) and using the HT/CL manoeuvre in random order (Fig.2). The 3 different levels of PA
were 90°, 95°, 100°, respectively. Randomization was based on computer-generated random sequences
that were stored in sealed opaque envelopes. One researcher generated the random sequences and was
not involved in the enrolment of participants and the implementation of study procedures. After the
participants passed the test of the training, the envelope was opened. The sequence of airway opening
for any participant was known. After the airway of the manikin was opened, ventilation was
administrated by the participants using BVM by squeezing the bag over 1 second and then allowing
adequate bag in�ation. Each time the airway of the manikin was opened, participants ventilated the
manikin twice. What’s more, each participant was required to repeat these above procedures 5 times,
based on the BLS guidelines for adult CPR that is recommended implementing �ve compressions-airway-
breathes cycles [4]. Therefore, each participant opened the airway of the manikin 5 times and then
ventilated it 10 times in each condition. After completed the study under 4 different conditions, each
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participant needed to open the airway 20 times and ventilate 40 times in all. After the procedure of one
condition was completed, participants rested for 2 minutes. Finally, within 10 minutes after the end of the
study, all participants completed a brief online questionnaire regarding their preference for the device.
Data collation was performed by independent observers who were not involved with the performance of
the study procedures.

2.4 Study outcomes
The primary outcome was the number of ventilation success as mainly measured by the SkillGuide
electronic display (Laerdal, Wappingers Falls, NY) which is equipped in the manikin. Besides, the visible
elevated chest of the manikin was considered as an assistant measurement method of the primary
outcome. The secondary outcome was the preference of participants for the device, which was assessed
by an online questionnaire. This questionnaire consisted of 5 items, including “The device is easy to use.”,
“The device provides a better ventilation effect than the manual method does.”, “I would be willing to use
the device in an emergency case.”, “Which method would you prefer to choose in an emergency case.”,
and “Which method would you prefer to choose in a non-emergency case.” Participants responded to the
�rst three items on a 1-5 Likert scale ranging from “strongly disagree” to “strongly agree” [17,18], and
responded to the last two items in selecting the device or the manual method. 

2.5 Statistical analysis 
We used SPSS (version 25.0, IBM, Armonk, NY) to perform all statistical analyses. Continuous data were
reported as mean ± standard deviation, or median and interquartile range (IQR). Categorical variables
were presented as frequencies. The number of ventilation success under 4 different conditions was
analysed by the Friedman test, and which was combined with Bonferroni’s adjustment to compare the
number of ventilation success for each condition. P-value < 0.05 was accepted as statistically signi�cant,
and P-value < 0.008 was considered signi�cant after Bonferroni’s adjustment.

3 Results

3.1 Baseline characteristics 
From Dec1,2020 to Dec 3, 2020, all 82 participants met the inclusive criterion and enrolled in the study. All
data were obtained from 82 participants. All participants were students in the third year of the Nursing
degree from Chongqing Medical University (Chongqing, China, Table1).  

Table 1 

Baseline demographic characteristics of participants
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Characteristics ±s /n %

Age (years) 20.7±0.8

Gender

Female 81 98.8%

Male 1 1.2%

Height (cm) 160.1±4.5

Weight (kg 50.9±6.1

BMI (kg/m2) 19.8±2.1

Data are mean ± standard deviation or counts (percentage).

 

3.2 Primary outcome
The device can dynamically measure and display the values of angles, RLD, working speed, and time, and
which assist investigators in documenting these important data accurately. Because each participant
completed the procedures of airway opening using the device 15 times in 3 different conditions, a total of
410 values of MA, BPA, PA, and RLD were measured by the device in each condition (Table 2).  

Table 2 

The distribution of angle and height values measured by the device in 3 different conditions

Group N MA BPA PA RLD

(M, IQR, °) (M, IQR, °) (M, IQR, °) (M, IQR, mm)

90° PA 410 72.1 (70.9-74.5) 10.7 (8.0-12.2) 90.2 (89.9-90.4) 10.2 (1.4-14.8)

95° PA 410 73.9 (71.8-75.6) 13.9 (10.7-16.2) 95.2 (94.9-95.3) 19.8 (10.1-27.4)

100° PA 410 74.5 (73.2-76.8) 18.3 (14.7-19.9) 100.3 (100.0-100.5) 34.3 (22.8-39.3)

M = median; IQR = interquartile range; mm = millimetre; MA = the mandibular angle; BPA = the angle of
back panel; PA = the angle of position; RLD = the relative lifting distances.

 Under each condition, participants opened the airway of the manikin for 5times and then ventilated it
with BVM for 10 times. Thus, of 3280 times ventilation of all 82 participants, 820 were performed by all
participants in each condition. The total number of successful ventilation was 554 with the airway of the
manikin opened by the HT/CL manoeuvre, 580 in the condition of airway opening through the device at
90° of PA, 729 at 95° of PA, and 756 at 100° of PA. In addition, the median number of ventilation success
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under 4 different conditions was 7 (IQR, 5-9), 8 (IQR, 6-9), 10(IQR, 8-10), and 10 (IQR, 8.75-10), respectively
(Table 3). Participants had different numbers of ventilation success under 4 different conditions with the
same of the manikin and the BVM (c2=78.657, P <0.001) (Table 3). The number of ventilation success
was signi�cantly higher in the condition of 95° of PA and 100° of PA than in the condition of 90° of PA
and the HT/CL manoeuvre (adjusted P <0.001). The ventilation success number was also higher in the
condition of 90° of PA than in the condition of the HT/CL manoeuvre, but there was no signi�cant
difference (adjusted P >0.008). Besides, the number of ventilation success was similar between the
condition of 95° of PA and 100° of PA (adjusted P >0.008).  

Table 3 

Comparison of the number of successful ventilation under 4 different conditions

Group N Successful numbers M Q1 Q3 c2 P value

The HT/CL manoeuvre 820 554 7 5 9 78.657 <0.001

90° PA 820 580 8 6 9

95° PA 820 729 10 8 10

100° PA 820 756 10 8.75 10   

M = median; Q1 = the �rst quartile; Q3 = the third quartile.

3.3 Secondary analyses
All participants completed the online questionnaire within 10 minutes after the end of the study. The
responses of participants to the device’s ease of use, better ventilation compared with the manual
method, and the participant would like to use the device in an emergency case produced favourable
median 5-point Likert scale scores (Table 4). Of the 82 participants, 39 (47.6%) preferred to select the
device to open the airway of patients in emergency situations, while 72 (87.8%) reported a preference for
the device over the manual method in non-emergency situations (Table 4).   

Table 4 

The response of participants to the online questionnaire
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Items Scores/N Values

The device is easy to use (M, IQR, score) 1~5 4 (4-5)

The device provides a better ventilation effect (M, IQR, score) 1~5 4 (4-5)

I would be willing to use the device in an emergency case (M, IQR, score) 1~5 4 (4-5)

 I am Preferring the device in an emergency case (%) 82 39 (47.6)

I am Preferring the device in a non-emergency case (%) 82 72 (87.8)

M = median; IQR = interquartile range.

 

4 Discussion
This study assessed the effects of the device in airway opening of a CPR manikin, found that the device
signi�cantly increases the success rate of ventilation at 95° of PA and 100° of PA. The device was more
effective in opening the airway and ventilation than the HT/CL manoeuvre. The majority of participants
also preferred the device.

Our device opens the airway of the mannequin by adjusting the important parameters of PA and RLD to
extend the head, bend the neck, and elevate the upper body. Moreover, we found that the airway opening
and ventilation effects of this device were better with the increase of PA and RLD values. The �ndings are
similar to some previous studies. El-Orbany et al. compared the glottic views obtained with no head
elevation to those obtained with 6 cm and 10 cm head elevation produced by an in�atable pillow and
reported the highest head position greater improved laryngoscopy views during direct laryngoscopy [19].
Park et al. explored the laryngoscopic view in 4 different head positions formed with or without a pillow,
including no pillow, 3 cm height pillow, 6 cm height pillow, and 9 cm height pillow. Their results found that
the glottic exposure was better with the 9 cm head position than with the 0, 3, or 6 cm head position
during direct laryngoscopy [20]. Levitan et al. evaluated the change in the percentage of the glottic
opening score during direct laryngoscopy with a video system between the �at head position and the
head-elevated position on 7 fresh human cadavers. Their �ndings showed that increasing head elevation
provided favourable scores during laryngoscopy [21]. Schmitt and Mang found that the head and neck
elevation beyond the sni�ng position obtained better laryngeal views [22]. Besides, Park et al. explored
the �rst attempt success rate of laryngeal mask airway supreme insertion and �breoptic bronchoscopic
grade between 7 cm head elevation and 14 cm head elevation, and they found that the 14 cm head
elevation increased the �rst success rate and �breoptic bronchoscopic[23]. In summary, the head
elevation beyond the conventional sni�ng position can open the airway better and provide better glottic
exposure. In our work, the elevation of the head is achieved by using the device to lift the height of the
back panel rather than elevating the head directly. However, our results showed that the median success
ventilation number was highest when the median degrees of PA was maximum (100.3°) and the median
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RLD was highest (34.4 mm), and demonstrated that the device can effectively open the airway by
providing an optimized position.

Previous studies have found that the manual method of airway opening during the CPR has some
shortcomings and problems. Nambiar et al. investigated the practices and knowledge of BLS among 461
health care staff from North-Kerala by a questionnaire and reported that 64.7% (298/461) health care
staff did not know the correct airway opening manoeuvres such as the head tilt, chin lift, and jaw thrust
[7]. Qing et al. conducted a manikin study to assessed the skills of CPR with uni�ed criterion among 186
emergency nurses from 10 hospitals in Beijing, and they found that 63 (33.9%) emergency nurses open
the airway ineffectively [24]. Jian et al. evaluated the scores of CPR testing of 432 medical workers from
4 different hospitals in Shenzhen, China. Their results showed that inadequate airway opening resulted in
poor ventilation effect [25]. In our study, we found that the effect of airway opening and ventilation with
the device was superior to the HT/CL manoeuvre, which indicated the device may replace the manual
method to effectively open the airway and address the above problems appropriately. Besides, our device
can automatically open the airway, maintain airway patency, save manpower, and liberate the hands of
health workers and alleviate their fatigue [26, 27]. Moreover, participants gave good feedback to the
device after the study. The participants agreed that the device is user-friendly, highly e�cient, and suitable
for emergency situations. Interestingly, of 82 participants, less than half said they would be willing to use
the device in an emergency, although they all agreed that the device was suitable for use in an emergency
as well. However, 87.8% (72/82) of the participants preferred to use the device than the manual airway
opening method in non-emergency situations. This phenomenon indicated that the reliability of the
device to open the airway in emergency situations needs to be further examined.

Our study has some limitations. First, the study population was limited only to medical students. We just
screened students to participate in the study while did not consider the in�uence of population on the
results. Second, it is unclear whether our results are applicable to the real patients since there are some
differences between the human manikins and the real patients. Based on the results of this manikin
study, further researches regarding the evaluations of the e�cacy and safety of the device in clinical
patients will be conducted convincedly.

5 Conclusions
The device signi�cantly increases the number of successful ventilation compared with the HT/CL
manoeuvre in the CPR manikin. Our results suggest that the described device may be considered as a
training and evaluation device during the CPR in place of manual manipulation and opening the airway in
the manikin.

Abbreviations
CPR = cardiopulmonary resuscitation; PA = the angle of position; BLS = basic life support; HT/CL = head-
tilt/chin-lift; RLD = the relative lifting distances; MA = the mandibular angle; BPA = the angle of back
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panel; BVM = bag-valve-mask; IQR = interquartile range; BMI = body mass index.
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Figures

Figure 1
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The participant used the device to open the airway of the manikin (a) and ventilated it with BVM(b)

Figure 2

The participant used the head-tilt/chin-lift manoeuvre to open the airway of the manikin (a) and
ventilated it with BVM (b)


