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Background: For patients suspicious of cervical spine injury, a Philadelphia cervical collar is usually applied. 

Application of Philadelphia cervical collar may cause difficult airway. The aim of this study was to evaluate the 

laryngeal view and the success rate at first intubation attempt of the Airtraq and conventional laryngoscopy in 

patients with simulated cervical spine injury after application of a Philadelphia cervical collar.

Methods: Anesthesia was induced with propofol, remifentanil, and rocuronium. After a Philadelphia cervical 

collar applied, patients were randomly assigned to tracheal intubation with an Airtraq (Group A, n = 25) or with 

conventional laryngoscopy (Group L, n = 25). Measurements included intubation time, success rate of first intubation 

attempt, number of intubation attempts, and percentage of glottic opening (POGO) score. Mean blood pressure and 

heart rate were also recorded at baseline, just before and after intubation.

Results: The success rate of the first attempt in Group A (96%) was significantly greater than with the Group L (40%). 

POGO score was significantly greater in Group A (84 ± 20%) than in Group L (6 ± 11%). The duration of successful 

intubation at first tracheal intubation attempt and hemodynamic changes were not significantly different between 

the two groups.

Conclusions: The Airtraq offers a better laryngeal view and higher success rate at first intubation attempt in patients 

who are applied with a Philadelphia cervical collar due to suspicion of cervical spine injury. (Korean J Anesthesiol 

2010; 59: 314-318)
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Introduction

    Failure to adequately immobilize the neck during tracheal 

intubation in patients with cervical spine injuries can 

result in a devastating neurological outcome [1]. Therefore, 

laryngoscopists often encounter patients with a Philadelphia 

neck collar (Tracheostomy Philadelphia Collar, Philadelphia 

Cervical Collar Co., Thorofare, NJ, USA) because many clinics 

employ this device to immobilize the patient’s cervical spine 

when cervical spine injury is suspected.

    However, with cervical spine immobilization, it becomes 

more difficult to visualize the larynx by conventional 

laryngoscopy [2-7]. An alternative laryngoscopy device that 

incorporates video or fiberoptic imaging into the blade or stylet 

appears to improve the glottic view, facilitating rapid intubation 

and better outcomes [3-6].

    The Airtraq (AirTraqⓇ, Prodol Meditec, Vizcaya, Spain) 

is a novel intubation device that has been developed to aid 

laryngoscopy (Fig. 1) [5]. The device provides a high quality 

indirect view of the glottis, removing the requirement to align 

the oral, pharyngeal and tracheal axes.

    This study hypothesized that the Airtraq may overcome mouth 

opening limitation and poor laryngeal view of conventional 

laryngoscopy when Philadelphia neck collar is applied [8,9]. 

This study evaluated the use of this new device by experienced 

anesthesiologists in patients with neck immobilization due to 

wear of a Philadelphia cervical collar.

Materials and Methods

    After obtaining approval by the Institutional Review Board 

and written informed consent from the patients, this study 

investigated 50 patients, aged 20 to 60 years, with American 

Society of Anesthesiologists physical status I-II who were 

scheduled to undergo surgical procedures necessitating 

tracheal intubation (Table 1).

    The exclusion criteria were the risk factors for increased 

dental injury, pulmonary aspiration, functional or anatomical 

deformities in the airway (i.e., asthma, burn, and tumor), 

anticipated airway difficulties (i.e., Mallampatti grade IV or 

having prior history of difficult airway), and body mass index 

greater than 30. Patients were also excluded if surgery required 

one lung ventilation or a different endotracheal tube other than 

the conventional endotracheal tube used.

    Glycopyrrolate 0.1 mg and midazolam 0.03-0.05 mg/kg were 

administered intravenously 30 minutes before the induction 

of anesthesia as premedication. The Mallampatti classification 

and thyromental distance were measured and recorded before 

the patients were anesthetized. The patients were monitored 

using an electrocardiograph, pulse oximeter, and noninvasive 

blood pressure monitor. After monitoring, baseline blood 

pressure and heart rate were recorded.

    General anesthesia was induced by intravenous propofol 1.5 

mg/kg and remifentanil 0.5 μg/kg followed by a continuous 

infusion of 0.1 μg/kg/min. After the induction of anesthesia, 

all patients were manually ventilated with sevoflurane 2.5% in 

100% oxygen, and rocuronium 0.8 mg/kg was administered 

after confirming suppression of eyelash reflex.

    After administering rocuronium, the pillow was removed and 

an appropriately sized rigid Philadelphia cervical collar was 

positioned around the neck. The patients were then allocated 

randomly to tracheal intubation with an Airtraq (Group A) or 

Macintosh laryngoscope (Group L). The randomization was 

based on computer-generated codes that were maintained in 

sequentially numbered opaque envelopes. After rocuronium 

administration, muscle relaxation was confirmed by the loss of 

the TOF twitch, and tracheal intubation was then performed 

using one of the study devices.

    For patients allocated to Group A, an Airtraq with a preloaded 

curved tracheal tube (7 mm internal diameter for women and 8 

Fig. 1. Photograph of the AirTraq.

Table 1. Patients’ Characteristics

Group L 
(n = 25)

Group A 
(n = 25)

Age (yr)
Sex (M/F)
Weight (kg)
Height (cm)
ASA class (I/II)
Thyromental distance (cm)
Malampatti classification (I/II/III)

44.0 ± 9.4
9/16

61.8 ± 10.6
160.9 ± 8.6

18/7
6.3 ± 0.7
6/15/4

45.5 ± 7.9
9/16

64.9 ± 9.3
165.2 ± 7.8

22/3
5.9 ± 0.5
4/16/5

Values are number or mean ± SD. There were no significant 
differences between the two groups. Group L : conventional 
laryngoscope group, Group A: Airtraq group. ASA class: American 
Society of Anesthesiologist Classification.



316 www.ekja.org

Laryngeal view with cervical immobilization Vol. 59, No. 5, November 2010

mm for men) was inserted into the mouth and the Airtraq was 

positioned at the glottis so that the glottis could be observed at 

the center of the scope’s monitor. The tracheal tube was then 

advanced into the trachea, and the Airtraq was detached and 

removed from the mouth. Finally, the respiratory circuit was 

connected and ventilation was confirmed by capnography.

    For the patients assigned to Group L, the best possible view 

of the glottis was obtained in females and males using a no. 3 

and no. 4 Macintosh laryngoscope, respectively. Tracheal tubes 

with a 7 and 8 mm internal diameter for women and men, 

respectively, were used.

    Tracheal intubation was performed by one experienced 

anesthesiologist who had experienced more than 30 intubations 

with the Airtraq. During the procedures, an unblinded 

observer recorded the intubation time, heart rate and mean 

blood pressure at baseline, just before and after intubation. A 

photograph was taken by an observer when the best possible 

view of the glottis was obtained.

    In each group, a tracheal intubation attempt was considered 

to have failed if it could not be accomplished within 90 seconds. 

When the first intubation attempt failed, the intubation 

attempt was terminated and a second attempt was made 

after mask ventilation of 1 minute. The second attempt was 

made by rotating the Airtraq and applying cricoid pressure in 

Group A and applying a cricoid pressure and stylets in Group 

L within 90 seconds. In the event of failed second intubation 

attempt, the Philadelphia collar was removed and the patients 

were intubated under direct vision using a conventional 

laryngoscope with a pillow.

    The observer recorded the total number of intubation 

attempts and the intubation time, which was defined as the 

time from picking up the device until the first appearance of 

the capnograph wave form. Any events that occurred during 

intubation, such as lip or dental injury, were also recorded.

    After obtaining a photograph of the best glottic view for each 

device, 2 blinded anesthesiologists were asked to report the 

vocal cord visualization using the percentage of glottic opening 

(POGO) score (Fig. 2) [10], and the mean values were used 

for analysis. Based on the assumption of α = 0.05, 1 - β = 0.8, 

SD = 12 and difference of the POGO score = 10 which were 

estimated from a pilot study, the minimum number of samples 

was 24. The patients’ demographics were compared using chi-

square test and t-test. The POGO score, insertion time, insertion 

attempt were compared using t-test. The hemodynamic data 

between time intervals and between groups were compared 

using repeated measures ANOVA test and t-test, respectively. 

All data is expressed as the number of patients or mean ± SD. A 

P value < 0.05 was considered significant.

Results

    The success rate for the first tracheal intubation was signifi-

cantly higher in Group A (96%) than Group L (40%) and the 

total intubation time required for successful intubation was 

significantly greater in Group L (90.0 seconds) than Group 

A (49.8 seconds). However, the duration of the successful 

intubation at first tracheal intubation attempt was similar in the 

two groups.

    The first tracheal intubation attempt had succeeded in all 

patients in Group A with the exception of one case in whom 

the device could not be inserted into the oral cavity because 

the mouth opening was less than 2 cm after the cervical collar 

was applied. In contrast, there were 15 cases of failure during 

first intubation attempt in Group L and 4 cases of failure in 

the second attempt using cricoid pressure and stylet, which 

resulted in the removal of the cervical collar for intubation. The 

Cormack-Lehane grade of these four cases were all marked 2 

without neck immobilization. The POGO score was significantly 

higher in Group A than Group L (Table 2).

Table 2. Intubation Profiles

Group L 
(n = 25)

Group A 
(n = 25)

Successful intubation time (sec)
    Total
    At first attempt
Intubation attempts
Success rates
    At first attempt
    At second attempt
POGO (%)
    At first attempt
    At second attempt

90.0 ± 49.4
46.0 ± 15.1

1.8 ± 0.8

10 (40%)
21 (84%)

6.4 ± 10.9
15.0 ± 17.0

49.8 ± 33.6*
44.4 ± 20.2

1.1 ± 0.4*

24 (96%)*
24 (96%)

83.6 ± 20.0*
83.6 ± 20.0*

Values are number or mean ± SD. Group L :  conventional 
laryngoscope group, Group A: Airtraq group, POGO: percentage of 
glottic openings. *P < 0.05 compared to Group L.

Fig. 2. The percentage of glottic opening score ranges from 0% when 
none of glottis can be seen to 100% when the entire glottis can be 
seen.
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    Mean blood pressure before intubation was significantly 

decreased as compared with the baseline value in both groups. 

Heart rate after intubation was significantly increased as 

compared with those of baseline and before intubation in both 

groups. But, there were no significant differences between the 

two groups (Table 3). Of the 50 patients studied, there were 

no serious complications related to anesthesia and airway 

management.

Discussion

    This study demonstrated that Airtraq provides more effective 

and easier intubation conditions in patients with a Philadelphia 

cervical collar than the Macintosh laryngoscope. The manual 

in-line stabilization is a widely accepted neck immobilization 

technique [11]. However, the reports that this method 

increases the risk of subluxation [2,12] and the requirements 

of a method-acknowledged assistant makes the value of this 

method doubtful. A Philadelphia cervical collar was used for 

neck immobilization in this study because patients with a 

suspected cervical spine injury are transported to the operating 

room with this device and removing this device can also cause 

considerable spinal movement.

    During the airway management procedures, the degree 

of cervical spine motion varies according to the intubation 

techniques [13-15]. Oral intubation with neck immobilization is 

accepted as a feasible method in trauma patients suspected of 

having a cervical injury [16]. However, this neck immobilization 

has been shown to worsen the laryngoscopic views and 

decrease the inter-incisor distance [17]. These reports were con-

firmed by our results that all patients who had failed to intubate 

with neck immobilization had Cormack-Lehane grades 2 

without neck immobilization.

    The Airtraq has advantages in both mouth opening limitation 

and poor laryngeal view settings [6,18]. Exaggerated curvature 

of the Airtraq blade removes the requirement of neck extension 

to align the oral, pharyngeal and tracheal axes, and an internal 

arrangement of optical components makes intubation 

possible for patients with small mouths (Fig. 1). The better 

POGO score recorded in Group A demonstrated that better 

intubation conditions are offered by the Airtraq in patients with 

a Philadelphia cervical collar, which leads to a higher overall 

success rate compared to the conventional laryngoscopy.

    In this study, the Airtraq has failed to show significant 

decrease in hemodynamic changes as reported in other 

studies [6,19]. Though the mean blood pressure increases to 

a maximum with laryngoscopy, the heart rate increases to 

a maximum with endotracheal intubation [20]. This may be 

one of the reasons that the changes in heart rate were similar 

in the two groups after intubation in this study. The usage 

of remifentanil throughout the procedures which has been 

proved to prevent the hemodynamic changes during airway 

management [20-22], may explain the lack of a significant 

decrease in hemodynamics in this study.

    Conventional laryngoscopy is the most familiar device for 

anesthesiologists to perform intubation. However, the Airtraq 

device is very easy to learn and perform intubation in difficult 

airway settings [23]. This appears to be the reason for similar 

successful intubation time at first attempt in the two groups. 

The limitation of this study was that the anesthesiologist could 

not be blinded to the devices used despite efforts made to avoid 

the researchers’ subjective decisions in the laryngeal views.

    In conclusion, the Airtraq produced a superior laryngeal view 

over the Macintosh laryngoscope in patients with a Philadelphia 

cervical collar without any differences in hemodynamics or 

intubation time.
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