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Background: The GlideScope® videolaryngoscope (GVL) is widely used in patients with diffi-
cult airways and provides a good glottic view. However, the acute angle of the blade can
make insertion and advancement of an endotracheal tube (ETT) more difficult than direct
laryngoscopy, and the use of a stylet is recommended. This randomized controlled trial com-
pared Parker Flex-It™ stylet (PFS) with GlideRite® rigid stylet (GRS) to facilitate intubation
with the GVL in simulated difficult intubations.

Methods: Fifty-four patients were randomly allocated to undergo GVL intubation using either
GRS (GRS group) or PFS (PFS group). The total intubation time (TIT), 200-mm visual analog
scale (VAS) for ease of intubation, success rate at the first attempt, use of laryngeal manipu-
lation, tube advancement rate by assistant, and complications were recorded.

Results: There was no significant difference between the GRS and PFS groups regarding TIT
(50.3 £ 12.0 s in the GRS group and 57.8 £ 18.8 s in the PFS group, P = 0.108). However,
intubation was more difficult in the PFS group than in the GRS group according to VAS score
(P = 0.011). Cases in which the ETT was advanced from the stylet by an assistant, were
more frequent in the GRS group than in the PFS group (P = 0.002). The overall incidence of
possible complications was not significantly different.

Conclusions: In patients with a simulated difficult airway, there was no difference in TIT us-
ing either the PFS or GRS. However, endotracheal intubation with PFS is more difficult to
perform than GRS.

Keywords: Airway management; General anesthesia; Intubation; Laryngoscopes.

INTRODUCTION

The GlideScope® videolaryngoscope (GVL, Verathon,
USA) is a novel, commonly used, curved laryngoscope blade
with a high-resolution microminiature video camera embed-

ded in the undersurface of the blade, providing a good glottic
view.

The blade is angled at 60° upwards from the horizontal.
The GVL has been widely used and studied to manage pa-
tients with difficult airways. However, a stylet is essential for
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tracheal intubation because of the large angle of the curved
blade, which has the potential to make insertion and ad-
vancement of an endotracheal tube (ETT) relatively difficult
with the possibility of intraoral damage [1].

Owing to the curvature of the GVL blade, a stylet must be
used to position the ETT tip at the glottic opening [1]. The
GlideRite® rigid stylet (GRS) (Fig. 1) is a reusable dedicated
stylet provided by the manufacturer with an angle of approx-
imately 90° and radius of 6 cm to fit the GVL [2]. Various au-
thors have recommended different curvatures of the ETT/
stylet to optimally place it into the trachea, including match-
ing the blade’s 60° angle, configuring the ETT with a 90°
bend [1,3], or using a J-shaped ETT [4]. Other potential strat-
egies may include the use of a flexible stylet that allows ac-
tive adjustment of the ETT tip angle during tracheal intuba-
tion [5]. The Parker Flex-It"™ stylet (PFS, Parker Medical,
USA) (Fig. 2) is a two-piece plastic stylet allowing active
modification of the tip of the ETT during use, and fixation at
a specific curvature using a locking clip. Its ability to “relax”
the curvature after the ETT tip has passed the vocal cords,
facilitates the advancement of the ETT following the curva-
ture of the airway [5,6].

To simulate a difficult airway, we used an adjustable cervi-
cal collar, which could be customized for individual cervical
lengths. Immobilization using a cervical collar is a method
commonly used in patients with cervical spine injuries, and
there is no risk caused by the fixation itself [7,8]. This meth-
od has been used intentionally to simulate a difficult airway
in several previous studies [7,9-11], and different aids for in-
tubation have been studied in simulated difficult airways
[7,12]. The Ambu® Perfit ACE cervical collar (Ambu Inc.,
Denmark) used in this study is different from the rigid or
semi-rigid collars used in previous studies [13-15]. It is ad-

Fig. 1. The GlideRite® rigid stylet (GRS, Verathon, USA), a dedicated
stylet provided by the manufacturer.
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justable to any neck size with 16 different settings ranging
from “Neckless” to “Tall” sizes, allowing to size the collar ex-
actly to the individual’s neck size. Therefore, we expected to
reconstruct a difficult case precisely.

Previous studies comparing the PFS with the GRS or mal-
leable stylet investigated each stylet in patients with normal
airways [5,16]; however, no study has been conducted for
difficult airways. Therefore, the purpose of this study was to
compare the usefulness of the GRS and PFS during intuba-
tion with GVL in a simulated difficult airway, and the alter-
native hypothesis was that there would be difference in TIT
between the two groups.

MATERIALS AND METHODS

This randomized controlled study was approved by the
Institutional Review Board of the our hospital (no. 2016-11-
005-010). Written informed consent was obtained from all
patients before enrollment in the study. The inclusion crite-
ria were patients with American Society of Anesthesia physi-
cal status I & I1, aged 19-60 years, and scheduled for elective
surgery requiring general anesthesia and tracheal intuba-
tion. Patients with a body mass index > 35 kg/ m?, who need-
ed emergency operations and rapid sequence intubation,
had pre-existing dental pathology, and were expected to
have difficult airways were excluded from the study. Poten-
tially difficult intubation was defined as the presence of Mal-
lampati class > III, mouth opening < 2.5 cm, thyromental
distance < 6 cm, and history of previous difficult intubation.

The patients were randomly assigned to either the GRS
group or the PFS group using a random number table gener-
ated using the randomization plan generator provided at
http://www.randomization.com. In the GRS group, tracheal

Fig. 2. The Parker Flex-It™ stylet (PFS, Parker Medical, USA), shown
individually and inserted into an endotracheal tube.
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intubation was performed with the GVL, and the tracheal
tube was used with the manufacturer’s stylet, the GRS. In the
PFS group, tracheal intubation was performed with PES.

We recruited 60 patients for this study, and six of them
were not eligible because of the Mallampati class IV (n = 2),
cancellation of the surgery (n = 2), and invalid informed
consent (n = 2) (Fig. 3). The remaining 54 patients fulfilled
all criteria and subsequently consented to participate in the
study (n = 27 per group). Each patient was allocated to a
group using a sealed opaque envelope, which was opened
as the patient entered the operating room. The assigned sty-
let was inserted into the ETT by one of the study investiga-
tors, who concealed the stylet and ETT with a towel and then
had no further involvement with clinical care or outcome
assessment. An independent anesthesiologist, higher than
3rd grade resident doctor who was clinically experienced in
handling GVL dozens of times and had practiced intubation
with PFS over 30 times to become skilled, performed all tra-
cheal intubations, and was not involved in the collection or
analysis of the data.

Before the induction of general anesthesia, we measured
the neck circumference, inter-incisor distance (mouth open-
ing), and thyromental distance while awake. After preoxy-
genation with 100% oxygen for > 3 min, induction was start-
ed with 2 mg/kg of 1% propofol and 2 pg/kg of fentanyl.
When the patient lost consciousness and manual ventilation

with a face mask was well performed, 0.6 mg/kg of rocuroni-
um was administered. Three minutes later, the Cormack-Le-
hane grade was evaluated using a Macintosh laryngoscope,
and the cervical collar was applied to simulate the difficult
airway. To evaluate whether the simulated difficult tracheal
intubation would be appropriately functioning, the Cor-
mack-Lehane grade was assessed using a Macintosh laryn-
goscope once more after applying the neck collar. Tracheal
intubation was performed using either the GRS or PFS ac-
cording to each group using 7.5-mm tubes for men and 7.0-
mm tubes for women. We allowed the involvement of an as-
sistant with laryngeal manipulation or ETT advancement, if
necessary, and recorded it. If the operator removed the GVL
blade or ETT from the mouth, this was counted as an addi-
tional attempt at intubation.

The primary outcome was total intubation time (TIT),
which was defined as the time from insertion of the blade of
the GVL into the oral cavity to the appearance of end-tidal
carbon dioxide (EtCO,) curve of at least 30 mmHg after intu-
bation of the ETT. TIT was divided into two detailed phases,
including endotracheal tube insertion time (EIT) and endo-
tracheal tube advancement time (EAT). After the timer was
initiated, the blinded observer measured not only the TIT but
also each section of the time. Their definitions are as follows

- EIT: the time from insertion of the blade of the GVL into

the oral cavity to the moment just before the ETT con-

L Enrollment }

Assessed for eligibility (n = 60)

Excluded (n = 6)
+ Mallampati class IV (n = 2)

A4

+ Invalid informed consent (n = 2)
+ Surgery cancellation (n = 2)

Randomized (n = 54)

PFS group (n = 27)

A 4

Follow-up (n = 27)

A 4

GRS group (n =27) Allocation
-
A4
Follow-up (n = 27) Follow-up
-
A 4
Analyzed (n = 27) Analysis

Analyzed (n = 27)

J

Fig. 3. CONSORT flow chart for the study patients. GRS group: GlideRite® rigid stylet (Verathon, USA) group, PFS group: Parker-Flex-It™ stylet

(Parker Medical, USA) group.
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tacts the glottic opening.

- EAT: the time from the passing of the ETT through the
glottis to the appearance of the EtCO, curve of at least 30
mmHg on the anesthesia monitor.

Data were collected by one investigator to eliminate ob-
server interpreter bias. We defined failure of tracheal intuba-
tion as one of the following cases: three failed attempts, pro-
longed intubation time > 120 s, or SpO, < 90% during intu-
bation. In case of failed intubation, we planned to remove
the cervical collar and conduct a bag-and-mask ventilation
with 100% oxygen, and then perform tracheal intubation
with the stylet that the operator preferred to use with the
GVL. These cases were excluded from the analysis, and the
TIT of the final trial was counted and used for analysis. The
time required for intermittent mask ventilation was sub-
tracted from the TIT.

Prespecified secondary outcomes included ease of intu-
bation using a visual analog scale (VAS) (0 = extremely easy
to 100 = extremely difficult), the number of attempts, suc-
cess rate for the first attempt, whether external laryngeal
manipulation was used, and whether the ETT was advanced
along the stylet by an assistant. During intubation, we also
evaluated the occurrence of severe hypoxemia, which was
defined as peripheral oxygen saturation (Sp0O,) < 90%, and
laryngospasm. Intraoral examination was performed to con-
firm the presence of lip, mucosal, or tooth injury immediate-
ly after tracheal intubation. After surgery, we examined oro-
pharyngeal trauma with GRS and performed extubation.
Subsequently, the presence of blood in the tracheal tube was
identified. One hour after the extubation, the patients were
interviewed if they had symptoms of complications, such as
sore throat, hoarseness, and dysphagia by an independent
anesthetist blinded to group allotment in the post-anesthe-
sia care unit; the complications were reevaluated after 24 h
in the general ward in the same manner. Hemodynamic
data, such as blood pressure, heart rate, and SpO, were con-
sistently monitored and recorded since the patients entered
the operating room until the operation finished, especially
before and after tracheal intubation and extubation.

Statistical analyses

The primary outcome was TIT, and the secondary out-
comes were VAS score for ease of intubation, success rate at
the first attempt, use of laryngeal manipulation, tube ad-
vancement rate by assistant, and complications. A pilot
study was conducted in 20 patients (10 patients per group)
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to determine the required sample size. All cases were not in-
cluded in our present study. The mean * standard deviation
(SD) of the TIT was 52.4 * 23.1 s for the GRS group and 67.7
* 14.0 s for the PFS group. Using a statistical significance
level of 0.05 (a = 0.05) and 80% power (p = 0.2), we estimat-
ed that 26 patients would be required per group. We selected
a sample size of 30 patients per group to compensate for po-
tential dropouts (about 10%).

Statistical analysis was performed using the SPSS ver. 23
(IBM Corp., USA). Values are expressed as median (1Q, 3Q),
or mean * SD, or as the number of patients. The normality
of the distribution of continuous variables was analyzed us-
ing the Shapiro-Wilk test. We used independent t-tests to
analyze continuous, normally distributed variables and the
Mann- Whitney U test to analyze continuous, non-normally
distributed variables. Chi-squared or Fisher’s exact tests
were used, as appropriate, for categorical data. The limit of
statistical significance was setat P < 0.05.

RESULTS

The demographic and airway assessment data of the pa-
tients showed no differences between the GRS and PFS
groups, as shown in Table 1. All tracheal intubations were
successfully performed within three attempts and there
were no cases of failed intubation. The Cormack-Lehane
grade of the simulated difficult airway evaluated with the
Macintosh laryngoscope was greater than III. No statistically
significant differences were observed between the two
groups concerning the TIT, which was 45.9 s (41.8, 52.8) in
the GRS group and 49.5 s (46.2, 64.5) in the PFS group (P =
0.108). The EIT (P = 0.257) and EAT (P = 0.863) also showed
no differences between the groups. However, the difference
in ease of intubation between the two groups was statistical-
ly significant, with a mean VAS score of 40.8 + 12.7 mm in
the GRS group and 52.1 * 18.3 mm in the PFS group (P =
0.011). The successful tracheal intubation rate at the first at-
tempt was 92.6% in the GRS group and 74.1% in the PFS
group (P = 0.142). One case of a third intubation attempt
occurred in the PFS group, and the stylets were broken
during tracheal intubation in three cases in the PES group.
Cases in which the ETT was advanced along the stylet by an
assistant were 11 (40.7%) and 1 (3.7%) in the GRS and PFS
groups, respectively (P = 0.002) (Table 2). The incidence of
complications, including hypoxemia and dental damage
during intubation, was not observed in either group. In ad-

dition, there were no significant differences in the incidence
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Table 1. Patient Demographics and Airway Assessment Data

Characteristic

GRS group (n = 27) PFS group (n = 27)

Age (yr)

Sex (M/F)

BMI (kg/m?)

ASA (I/11)

Thyromental distance (cm)

Neck circumference (cm)

Mouth opening without collar (cm)
Mouth opening with collar (cm)
Mallampati class (I/11)
Cormack-Lehane grade (I/11/111/1V)

Cormack-Lehane grade with collar by a Macintosh laryngoscope (I/11/11l/1V)

Cormack-Lehane grade with collar by the GVL (I/11/11//1V)

47 (37, 54) 51 (44, 56)
11/16 11/16
251 * 33 240 + 24
17/10 17/10
9.0 (8.5, 10.0) 9.5 (8.5, 10.0)
38.0 4.0 371+ 28
4.8(4.3,5.0) 4.6(3.9,4.8)
19+ 04 19+ 04
10/17 12/15
10/14/3/0 10/17/0/0
0/0/3/24 0/0/2/25
19/6/2/0 22/4/1/0

Values are presented as median (1Q, 3Q), number of patients, or mean + SD. GRS: GlideRite® rigid stylet (Verathon, USA), PFS: Parker Flex-
[t™ stylet (Parker Medical, USA), BMI: body mass index, ASA: American Society of Anesthesiologists physical status classification, GVL:

GlideScope® videolaryngoscope.

Table 2. Intubation Data of 54 Patients Compared Using Either the GRS or PFS

Intubation data GRS group (n = 27)  PFS group (n = 27) MD (95% Cl) OR (95% Cl) P value
TIT (s) 459 (41.8,52.8) 495 (46.2,645) -7.5(-16.1t01.1) 0.108
EIT (s) 21.2 (18.3, 26.3) 23.2(17.0,40.3)  -7.4(-15.1100.2) 0.257
EAT (s) 26.7 (22.7, 30.0) 26.2(22.7,30.6)  -0.1(-4.1t04.0) 0.863
Ease of intubation (100-mm VAS) 40.8 + 12.7 52,1 + 18.3 -11.3(-19.9t0 -2.8) 0.011*
Intubation attempts 1/2/3/fail 25/2/0/0 20/6/1/0 0.142
Success rate for the first attempt (%) 92.6 74.1 0.229 (0.043 10 1.224)  0.085
ETT advanced from stylet by assistant 11 (40.7) 1(3.7) 0.056 (0.007 to 0.475)  0.008*
Laryngeal manipulation 0(0) 1(3.7) 1.000

Values are presented as median (1Q, 3Q), mean * SD, or number of patients (%). GRS: GlideRite® rigid stylet (Verathon, USA), PFS: Parker
Flex-It™ stylet (Parker Medical, USA), MD: mean difference, 95% Cl: 95% confidence interval, OR: odds ratio, TIT: total intubation time,
EIT: endotracheal tube insertion time, EAT: endotracheal tube advancement time, VAS: visual analog scale, ETT: endotracheal tube.

*Significantly different between the groups (P < 0.05).

of oropharyngeal trauma, blood on the tube, sore throat,
hoarseness, and dysphagia between the groups (Table 3).
Perioperative hemodynamic data also showed no significant

differences.

DISCUSSION

In this study, we assessed the TIT of two different stylets,
the GRS and PFS, during tracheal intubation with the GVL in
a simulated difficult airway. Our results revealed that there
was no difference in TIT using either of the two stylets. We
also found that the performance of intubation with the GRS
was subjectively easier than that with the PFS according to
the VAS score. Less assistance was needed from the assistant
in advancing the ETT into the trachea using the PFS in the
simulated difficult airway.
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The GVL is easy to use and provides a good glottic view
during intubation with less cervical movement and lower
applied forces; therefore, it is widely used in patients with
difficult airways. Despite the excellent glottic visualization
provided by the screen of the GVL, it does not guarantee
easy and fast tracheal intubation [1]. The dedicated stylet,
the GRS, can occasionally make intubation difficult and may
impinge on the laryngeal structures around the vocal cords
with potential risk of trauma because of its rigidity [17]. Ef-
forts to determine optimal stylets for GVL intubation have
been made by many researchers for several years [1,3,4,18].
Although the PFS was originally designed for use with the
Macintosh laryngoscope, we expected that the PFS, with its
capability to actively angulate the distal ETT, could facilitate
insertion and advancement of the ETT during GVL intuba-

tion, especially in simulated difficult airways.
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Table 3. Incidence of Complications

Parameters GRS group (n = 27) PFS group (n = 27) P value

Sore throat at 1 h 12 (44.4) 15 (55.6) 0.587
Sore throat at 24 h 3(11.1) 7(25.9) 0.293
Hoarseness at 1 h 6(22.2) 5(18.5) 1.000
Hoarseness at 24 h 1(3.7) 2(7.4) 1.000
Dysphagia at 1 h 3(11.1) 2(7.4) 1.000
Dysphagia at 24 h 1(3.7) 0(0) 1.000
Hypoxemia (Sp0.) < 90% 0(0) 0(0)

Dental damage 0(0) 0(0)

Oropharyngeal trauma 8(29.6) 4 (14.8) 0.327
Blood on the tube 5(18.5) 3(11.1) 0.704

Values are presented as number of patients (%). GRS: GlideRite® rigid stylet (Verathon, USA), PFS: Parker Flex-It™ stylet (Parker Medical,

USA), SpO,: peripheral oxygen saturation.

Contrary to our expectations, the TIT was not statistically
different between the GRS and PFS. We divided the TIT into
two phases, namely EIT and EAT. For EIT, we expected that
the ETT with the PFS would approach the vocal cords faster
than the GRS could because of its flexible feature to actively
control the curvature of the ETT following the structure of
the airway. For EAT, we expected that the time to advance
the ETT/PFS into the trachea would be shortened by releas-
ing the locking clip and relaxation of the active adjustment
of the PFES angle, following the natural angle of the ETT,
without assistance. However, the EIT and EAT also showed
no statistical differences between the two groups. The rea-
son for the absence of differences in the TIT, EIT, and EAT in
our study is that handling the PFS is difficult in the limited
intraoral space because of the interference of adjacent intra-
oral structures, unlike in the air without hindrance, thus it
could not shorten the EIT. This study showed an advantage
regarding the advancement of the ETT off the stylet by an as-
sistant in the PFS group. Only one case (3.7%) in the PFS
group needed the help of an assistant while advancing the
ETT/stylet into the trachea, while 11 cases (40.7%) in the
GRS group required it. It was anticipated that relaxation of
the curvature of the PFS after passing the glottic opening
would facilitate ETT advancement smoothly, reducing the
need for help from an assistant to advance the ETT. Howev-
er, the PFS group did not present a shorter EAT than that of
the GRS group. According to the study by Sheta et al. [16],
which investigated the difference in the GRS and PFS in pa-
tients with normal airways, PFS had no benefit in shortening
the TIT in normal airways.

Tracheal intubation with the GRS was significantly easier
than that with the PFS during the use of GVL, based on the
VAS score of the experienced operators. However, we need
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to reconsider the ease of intubation. Careful consideration
of the factors that can affect the VAS score is needed. From
another perspective, the number of attempts, ability to con-
trol the stylet, frequency of usage of external laryngeal ma-
nipulation, and advancement of ETT along the stylet by an
assistant could influence the evaluation of the VAS score. In
our study, even though there were more cases of advance-
ment of ETT requiring an assistant in the GRS group than in
the PFS group, difficulty in manipulating the ETT/PFS in the
narrow oral cavity, the breakage of the PFS, and a higher fre-
quency of intubation attempts might have resulted in higher
VAS scores in the PFS group.

The success rates for the first attempt were 92.6% in the
GRS group and 74.1% in the PFS group. Although the differ-
ence may not be not statistically significant, but could be
clinically significant. It is thought that the rigid GRS was eas-
ier to manipulate in the limited intraoral space than the flex-
ible PES. Repeated intubation attempts in the PFS group
were conducted more often than in the GRS group. In three
cases in the PES group, the stylets broke because of their thin
and fragile plastic material. In cases of rapid sequence intu-
bation or situations in which successful tracheal intubation
must be performed at once, the use of PFS may not be ap-
propriate as a first choice. In such cases, the GRS might be
better utilized because of its higher success rate in the first
attempt. If the PFS must be used in the first attempt, a “back-
up” stylet should be arranged in advance. In addition, we
believe that it is necessary to replace the fragile plastic part
of the PFS with a durable metallic material.

There is also variation between studies in the type of collar
used. In our study, the application of the adjustable cervical
collar to the patients facilitated more restricted mouth open-
ing than without the collar, presenting an airway diameter of
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4.8 to 1.9 cm in the GRS group and 4.6 to 1.9 cm in the PFS
group, thereby sufficiently increasing the Cormack-Lehane
grades for glottic view. This implies that the proper simula-
tion of a difficult airway was set up.

Various complications related to the use of the GVL with
the GRS or other rigid stylets have been reported by many
authors. Previously reported cases of tonsillar and palato-
pharyngeal injury during intubation with GVL were shown
to be related to the rigidity of the stylet and the ‘potential
blind spot’ of the GVL [17,19,20]. While concentrating on the
GVL monitor to visualize the tip of the ETT adjacent to the
glottic opening, a “blind spot” might present in the passage
of the styletted ETT from the mouth opening to the vocal
cords [17,19]. Our study showed no significant difference in
intubation-related complications between the GRS and PFS
groups. We first expected that intubation with the PFS would
be less traumatic because of its capability to modify the cur-
vature in the oral cavity and its flexible features. Perhaps be-
cause of use in the simulated narrow oral environment, both
GRS and PFS touched oropharyngeal and laryngeal struc-
tures with higher frequency than in the normal airway. The
incidence of sore throat 1 h after surgery has been reported
as 18.3% in the normal airway [16] and was 50.0% in this
study, irrespective of the type of stylet. Moreover, the inci-
dence of oropharyngeal trauma has been reported as 10.0%
in the normal airway [16] and was 22.2% in this study. Al-
though the studies were not compared under the same de-
sign, the incidence of trauma was higher when intubation
was performed in a narrow oral cavity in a simulated difficult
airway.

This study has several limitations. First, since most anes-
thesiologists including the operator in this study are usually
familiar with use of the GRS, there might be a possibility of
difference in learning curve from that of the PFS. In order to
overcome this point, the operator had sufficiently practiced
intubation using the PFS prior to study participation. How-
ever, we think that it is inevitable that the differences in the
learning curve of using the GRS and PFS can sometimes oc-
cur, which might have affected estimation of the sample size.
If the sample size increases, it could make a statistically sig-
nificant difference, but it will not be a clinically significant
difference. Therefore, the authors believe that the conclu-
sions will be the same as this study. This is one of the major
study limitations. Second, the anesthesiologist who per-
formed tracheal intubation could not be blinded to the stylet
used. Although the assigned stylet and ETT were concealed
before intubation, it was impossible to prevent the anesthe-
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siologist from knowing which stylet was being used during
intubation. Third, we tried to simulate a difficult airway with
a cervical collar, but it could not reflect an actual difficult air-
way. Difficult airways include not only neck immobilization
and limited mouth opening, but also many structural prob-
lems of the airway. Tongue swelling, abnormal dentition,
and distorted pharyngeal or laryngeal anatomy can affect
the difficulty of tracheal intubation. Therefore, this simulat-
ed method is limited in reflecting the actual difficult cases.

In conclusion, in patients with a simulated difficult airway,
there was no difference in TIT using either the PFS or GRS.
However, endotracheal intubation with the PFS is more dif-
ficult to perform than with the GRS.
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