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Abstract

Background: For successful lighted stylet intubation, bending the lighted stylet with an appropriate angle is a
prerequisite. The purpose of this study was to compare three different bend angles of 70, 80, and 90 degrees for
lighted stylet intubation.

Methods: The patient trachea was intubated with a lighted stylet bent at 70, 80, or 90 degrees according to the
randomly allocated groups (group |, Il, and Ill, respectively). A lighted stylet combined with a tracheal tube was
prepared with a bend angle of 70, 80, or 90 degrees according to the assigned group. We checked the success rate
at the first attempt and overall success rate for the two attempts. Additionally, we measured search time, which
was time from insertion of the bent union into the patient mouth to the start of advancing the tracheal tube while
separating it from the lighted stylet, and evaluated postoperative sore throat (POST) at 2, 4, and 24 h after the
recovery from anesthesia.

Results: There was no statistically significant difference between group |, II, and lll for success rate at first attempt
(73.9%, 882 %, and 94.7 %, respectively, p =0.178), even though there was a trend of increasing success rate with
increasing bend angles. For overall success rate, there was similar result to that in the first attempt between the
groups |, II, and Il (82.6 %, 94.1 %, and 100 %, respectively, p =0.141). However, search time took significantly longer
in group | than groups Il and Il (p < 0.001). When group Il and lll were compared for POST with numeric rating
scale (0-10), it was significantly lower in group Il than Il at 2, 4 h after the recovery (0.5 vs. 2.3, p=0.016, and 04 vs.
1.8, p=0.011, respectively).

Conclusions: The bend angle of the lighted stylet affected the time required for tracheal intubation and POST in
our study. 80 and 90 degrees as a bend angle seem to be acceptable for clinicians in regard to success rate of
lighted stylet intubation. Considering the success rate of lighted stylet intubation and POST, the bend angle of 80
degrees might be better than 70 and 90 degrees.

Trial registration: ClinicalTrials.gov Identifier NCT03693235, registered on 30 September 2018.
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Background

A lighted stylet (LS) is an airway device that can be used
when a direct laryngoscope is not applicable for a patient
because of problematic dentition, limited mouth open-
ing, or cervical spine instability [1]. It is well known to
anesthesiologists that adequately bending an LS on
which a tracheal tube is loaded (LS-TT) into a ‘hockey
stick shape’ is necessary for successful tracheal intub-
ation. By this modification, clinicians can insert the LS-
TT into the trachea by scooping it underneath the
tongue base while using a transilluminated glow on the
anterior neck [2].

Clinicians have to consider two important points in
bending the LS-TT into a hockey stick shape: bend
length and bend angle (Fig. 1) [3]. The bend length is
the distance between the tip and the bending point of
the LS-TT when it is bent into a hockey stick shape,
which should be approximately the distance between the
touch point of the posterior pharyngeal wall by the
bending point and the glottic opening when the LS-TT
in a hockey stick shape is positioned in the midsagittal
plane of a patient [3]. To date, a bend length of 6.5
8.5 cm has been known to be suitable for successful tra-
cheal intubation [4, 5]. The bend angle is the angle
formed by the distal and proximal arms of the LS-TT
modified into a hockey stick shape [6]. To date, the rec-
ommended bend angle for use of the lighted stylet is ap-
proximately 90 degrees [4, 5, 7-9]. In an MRI-based
study by Adnet et al, the angle between the oral axis
and pharyngeal axis was approximately 93 degrees [9].
In that study, the authors measured the angle between
the axis formed along the posterior wall of the pharynx
and the axis formed along the hard palate in the oral
cavity. However, the glottic opening lies slightly anterior
to the pharyngeal axis, and the angle of the lighted stylet
is positioned on the pharyngeal wall, more posterior
from the crossing point of the oral and pharyngeal axes.
Therefore, the path finally formed by the bent union of
the lighted stylet and the tracheal tube might be formed
by the axis passing through the middle of the oral cavity,
not the axis along the hard plate, and the axis from the
posterior wall of the throat (that is, the bending point of
the union) to the glottal axis, not the tracheal axis. In
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Fig. 1 Schematic diagram for preparation of the lighted stylet
combined with the tracheal tube. The asterisk (*) indicates 'bend
length' which is the length of the distal arm after bending the
union. The cross (1) represents 'bend angle' which is the angle
between the distal arm and proximal arm after bending the union

Page 2 of 9

preparation for this study, we measured the angle be-
tween the oral axis and line from the posterior
pharyngeal wall, on which the bending point of the
union can contact, to the glottic opening in the cervical
lateral images of 20 computed tomographic images on
the thyroid. The mean value of the measured angle was
81.0 degrees. Therefore, a bend angle of the LS-TT
slightly acuter than a right angle might be proper for
lighted stylet intubation, but there have been no studies
regarding the effects of an acute bend angle on the time
to lighted stylet intubation and its complications. The
aim of this preliminary study was to compare three bend
angles of 70, 80, and 90 degrees for lighted stylet intub-
ation by evaluating the effect of the bend angles on in-
tubation time, ease of tracheal intubation, and
prevalence and intensity of postoperative sore throat
(POST).

Methods

This prospective, randomized pilot study was approved
by the Institutional Review Board of Boramae Medical
Center, Seoul, Republic of Korea (no. 30-2018-44), and
was conducted from November 2018 to September
2019. The study was registered at ClinicalTrials.gov
(NCT 03693235) before patient enrollment. This manu-
script adhered to the applicable CONsolidated Standards
of Reporting Trials (CONSORT) guidelines. American
Society of Anesthesiologists (ASA) physical status classi-
fication I or II patients over 18 years old who were
scheduled to undergo elective surgery requiring tracheal
intubation for general anesthesia were screened for eligi-
bility in this trial. Patients requiring lighted stylet intub-
ation for general anesthesia because of a small mouth
opening, weak teeth, or cervical spine instability were in-
cluded in the study. Exclusion criteria were previous la-
ryngeal surgery, tracheal stenosis, operations that needed
a smaller sized tracheal tube than routine practice in our
hospital, or predicted difficult airway cases due to other
reason, such as facial trauma. Additionally, we excluded
cases in which the anesthesia time exceeded 180 min,
considering the effect of prolonged tracheal intubation
on POST [10].

After obtaining informed consent from all patients, pa-
tients were randomly allocated, at a 1:1:1 ratio to one of
three groups: group I (a bend angle of 70 degrees), group
II (a bend angle of 80 degrees), or group III (a bend
angle of 90 degrees). The randomization sequence was
produced by computer-generated block randomization
(6-sized blocks including letters A, B, and C) by an in-
vestigator who did not clinically participate in this study.
Each generated letter was concealed in a sequentially
numbered opaque envelope. On the operation day, a re-
search assistant opened the envelope, and each patient
was assigned to one of the three groups according to the
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letter in the envelope. All patients were blinded to their
group allocation. Age, sex, height, weight, ASA classifi-
cation, neck circumference, thyrosternal distance, and
thyromental distance were recorded in all subjects.
Patients were admitted to the operating theater with-
out any premedication. To maintain a neutral cervical
curvature of the patient, an individualized head rest was
provided with piled thin, firm pillows. Standard monitor-
ing, including peripheral oxygen saturation, electrocar-
diogram, and noninvasive blood pressure started.
Anesthesia was induced with intravenous administration
of lidocaine 30 mg, fentanyl 100 pg, and propofol
1.5 mg/kg. Additionally, muscle relaxation was achieved
with rocuronium 0.6 mg/kg. While a practitioner of
lighted stylet intubation was ventilating the patient’s
lungs, an investigator (D.W.W) prepared the LS-TT with
an LS (Light Way™, AceMedical, Seoul, Korea) with a
bend angle of 70, 80, or 90 degrees using a premade
sample LS-TT with an angle of 70, 80, or 90 degrees
(Fig. 2), according to the assigned group for each patient
while blinding the practitioner to the study. The investi-
gator inserted the lighted stylet into a tracheal tube
(TaperGuard tracheal tube, Covidien, Dublin, Ireland) of
internal diameter 7.0 mm for women and 7.5 mm for
men after lubrication with an aqueous lubricant and
bent the LS-TT according to the group assignment. The
bend length of the LS-TT was 7.0 cm for men and
6.5 cm for women. The tip of the LS was positioned at
the midpoint of the bevel of the tracheal tube. After
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neuromuscular blockade, the practitioner was handed
the prepared LS-TT from the investigator. To keep the
practitioner blind to the study, we did not explain to the
practitioners any details of the present study, such as the
purpose of the study, number of groups, and bend angles
as differences between the groups. Additionally, light of
the operating room was dimmed before the LS-TT was
handed over. Then, the practitioner lifted the left man-
dibular ramus of the patient for jaw-thrust, inserted the
distal arm of the LS-TT into the right side of the pa-
tient’s mouth, and slid the stylet smoothly along the
curve of the tongue to the mid-sagittal line of the patient
[2]. Next, lighted stylet intubation was performed in a
routine manner. All practitioners were 3rd or 4th grade
residents who had performed more than 50 cases of
lighted stylet intubation before this trial. While the prac-
titioner was performing lighted stylet intubation, the in-
vestigator checked and recorded the search time (ST)
and the total intubation time (TTI) in all patients. In our
study, ST was defined as the time from insertion of the
LS-TT into the mouth of the patient to the start of ad-
vancing the tracheal tube upon separating it from the
LS. Additionally, TTI was defined as the time from in-
sertion of the LS-TT into the mouth to the confirmation
of tracheal intubation by three consecutive detections of
the expiratory carbon-dioxide curve on the patient
monitor. If the practitioner could not find the glottic
opening in 60 s, lighted stylet intubation was retried with
the same bend angle after reoxygenation with mask-bag

-
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Fig. 2 Pre-made samples of lighted stylet and tracheal tube (LS-TT) with an angle of 70, 80, or 90 degrees. a 70 degree, b 80 degree, ¢ 90 degree
. J
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ventilation. If lighted stylet intubation succeeded
within two attempts, the case was recorded as overall
success. Otherwise, it was recorded as a failed case,
and tracheal intubation was performed by the investi-
gator with a routine manner. If the additional attempt
by the investigator was also unsuccessful, we would
try to use another rescue method with supraglottic
airway devices or a fiberoptic bronchoscope. Cuff
pressure was adjusted and maintained between 20
and 30 cmH,O with a manometer (PortexR cuff infla-
tor and pressure gauge, Smiths Medical, Minnesota,
USA) to avoid overinflation. After completion of the
trial, the practitioner rated the level of difficulty after
lighted stylet intubation with 3 grades of ‘easy/moder-
ate/hard’ based on the practitioner’s own experience.
After tracheal intubation, maintenance of anesthesia
and the operation were performed in a routine man-
ner in our institute. All patients were asked to report
the intensity of POST on numeric rating scales (NRS;
0-10) at 2, 4, and 24 h after recovery from
anesthesia. Data from failed cases were only used
when analyzing the overall success rate and duration
of the procedure and were not used in the analysis of
the prevalence and intensity of POST.

As a pilot study, we planned to investigate the ef-
fect of three different bend angles (70, 80, and 90 de-
grees) on the success of lighted stylet intubation and
POST; the primary outcomes were the success rates
of lighted stylet intubation, its required times, and its
ease of performance. The secondary outcomes were
the incidence and intensity of POST. Therefore, we
planned to perform the study with a sample size of
20 per group, which was more than the minimum of
12 per group according to the ‘rule of thumb’ [11].
Considering a dropout rate of 10 %, the total sample
size was calculated to be 69. We planned to stop en-
rollment when a sample size of 20 in every group
was achieved.

For all continuous variables, the normality test with
the Kolmogorov-Smirnov test was performed. According
to the results of the test, variables are expressed by as
the mean * standard deviation (SD) or as the median
[interquartile range]. We compared the success rate of
lighted stylet intubation between groups with a chi-
square test or Fisher’s exact test. We used the general-
ized estimating equation and a chi-square test to
compare the incidence and intensity of POST between
groups. The search time and total intubation time were
compared between groups with the Kruskal-Wallis H
test, and the Mann-Whitney U test was used in post hoc
analysis. Statistical analyses were performed with SPSS
Statistics 26.0 software (IBM Corporation, Chicago,
IL, USA), and statistical significance was declared
when P <0.05 was found.
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Results

The patient enrollment, randomization, and analysis are
shown in the CONSORT flow diagram in Fig. 3. A total
of 66 patients were enrolled in the study (23 in group I,
22 in group II, 21 in group III). In 7 cases (5 in group II
and 2 in group III), the operation time was over
180 min. Therefore, data from these 7 patients were ex-
cluded from the analysis. There were no adverse events,
such as desaturation, in the study.

Patient characteristics and basic operation information
were comparable between the three groups (Table 1).
Most of the patients underwent orthopedic surgeries
that did not involve the cervical region. Regarding the
type of surgeries that could induce sore throat, such as
laryngopharyngeal surgeries, thyroid surgeries, or surger-
ies with nasogastric tube placement, there was no differ-
ence between the three groups (3/23, 1/17, and 1/19 in
groups I, II, and III, respectively; p = 0.601). The success
rate of lighted stylet intubation at the first attempt and
within 2 attempts was comparable between the three
groups, even though the overall success rate was below
90 % in only group I (p=0.178 and p =0.141, respect-
ively, Table 2). ST was significantly different between
the three groups (p<0.001). In the post hoc analysis
with Bonferroni correction, the ST was significantly lon-
ger in group I than in the other two groups (Table 2).
There was no statistically relevant difference between
groups II and III. The TTI was also significantly different
between the three groups (p=0.001). In the post hoc
analysis, the TTI was significantly longer in group I than
in groups II and III. The level of difficulty of lighted sty-
let intubation was also different among the groups (p =
0.006). Intubation practitioners reported that lighted sty-
let intubation was more difficult in group I than in
groups II and III (p=0.004, p=0.002, respectively).
However, it was similar in terms of difficulty between
groups II and III (p = 0.664).

The prevalence of POST was recorded to be highest at
4 h after recovery from anesthesia in all groups (Table 3).
The prevalence of POST at that time was significantly
different between the three groups (p = 0.035). When we
compared the intensity of POST at each time point be-
tween the groups, the NRS was significantly higher in
group III than in group II at 2 and 4 h after recovery
from anesthesia. (Table 4).

Discussion

Our results showed that the success rate of lighted stylet
intubation was not different between 70-degree, 80-
degree, and 90-degree bend angles, even though there
was a trend of an increasing success rate with an in-
creasing bend angle. The search time and total intub-
ation time were longer at 70 degrees than at 80 or 90
degrees in our study. Additionally, our study showed
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Fig. 3 CONSORT flow diagram

that postoperative sore throat did occur less frequently
at 80 degrees than at 90 degrees.

To our knowledge, this was the first study regarding
the effect of the acute bend angle on efficacy and POST
in lighted stylet intubation. There was a previous study
on the effect of an obtuse bend angle of LS-TT [12]. In
the study, the authors recommended using obtuse angles
of 120 to 140 degrees for successful lighted stylet intub-
ation. However, only obtuse angles were compared in
the study [12]. Therefore, we planned to compare the
three angles of 70, 80, and 90 degrees in the present
study because we thought that the angle formed by the

pathway of the bent union of the lighted stylet and the
tracheal tube might be close to 80 degrees on the basis
of data from our study preparation.

In the present study, three different bend angles of 70,
80, and 90 degrees did not yield statistically relevant dif-
ferences in the first attempt and overall success rates.
However, ST and TTI were prolonged when the LS-TT
was bent at 70 degrees compared to 80 and 90 degrees.
In our results, the overall success rate was as low as
82.6 % at 70 degrees, even though there was no signifi-
cant difference between the three groups (p =0.141).
Additionally, the success rate at the first attempt with a
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Table 1 Characteristics of patients and operation
Group | Group I Group Il p-value
(n=23) (n=17) (n=19)
Characteristics of patients
Age; years 59 [52-68] 61 [52-68] 66 [63-72] 0.205
Sex; male 12 (52.2) 9 (529 10 (52.6) 0.999
ASA; 1/2/3 6/16/1 7/9/1 5/12/2 0.774
Height; cm 160.8 £89 159.1+£86 160.7+£7.2 0.800
Weight; kg 618113 62.8+10.0 62.8+57 0915
Thyrosternal distance; cm 7111 70+09 68+09 0.638
Neck circumference; cm 375+28 37231 374+34 0613
Neck length; cm 75+09 72+10 73+09 0.561
Characteristics of operations
Positional change; Yes 15 (65.2) 6 (35.3) 11 (579) 0.159
Surgeries with potential risk of POST 3(13.0) 1(5.9) 1(5.3) 0.601
Duration of anesthesia; min 115 [80-135] 110 [70-130] 125 [80-140] 0469
Duration of intubation; min 110 [70-130] 105 [65-125] 120 [75-135] 0489
Duration of operation; min 674+268 64.2+253 728+226 0.576

Values are expressed in mean + SD, median [IQR], or number (%). Abbreviations: ASA American Society of Anesthesiologists physical status classification,
POST Postoperative sore throat. We included laryngopharyngeal surgeries, thyroid surgeries, or surgeries with nasogastric tube placement as surgeries with

potential risk of POST"

bend angle of 70 degrees was as low as 73.9% in our
study. Considering the importance of airway manage-
ment and success rates of lighted stylet intubation in
previous studies [4, 5, 8], a success rate of 70-80%
should not be easily acceptable to clinicians. If we per-
formed this study with a large sample size, the success
rates might be significantly lower at a bend angle of 70
degrees than at 80 and 90 degrees. We hypothesized that
the tip of LS-TT with a bend angle of 70 degrees should
head above the anterior commissure of the vocal folds
rather than the center of the rima glottidis, resulting in

prolonged ST and TTI Additionally, there might be a
chance that friction induced by the acuter angle might
hinder successful lighted stylet intubation. For these rea-
sons, we might deduce that a bend angle of 70 degrees
would not be adequate for lighted stylet intubation.

If the bend angle at 70 degrees would be no longer
considered because of the above hypothesis, we could
consider which angle should be better between 80 and
90 degrees. There was a significant difference in the
prevalence and severity of POST between groups II and
I in our study at 2 and 4 h after recovery from

Table 2 Effect of the bend angle of the lighted stylet on primary and secondary outcomes

Group | Group I Group Il p-value

(n=23) (n=17) (n=19)
Success rate
At first attempt, n (%) 17 (73.9 %) 15 (88.2 %) 18 (94.7 %) 0.178
Within two attempts, n (%) 19 (82.6 %) 16 (94.1 %) 19 (100 %) 0.141
Searching time, s [IQR] 43.6 [22.0-80.8] 14.3 [10.0-23.7] 14.0 [10.6-20.3] <0.001
Group | vs. Il 0.001
Group [ vs. Il <0.001
Group II'vs. Il 0.887
Time to intubation, s [IQR] 57.1 [40.5-95.7] 30.1 [25.9-394] 335 [25.9-38.1] <0.001
Group | vs. I 0.001
Group [ vs. Il 0.001
Group Il vs. I 0.763
Level of Difficulty (easy/moderate/difficult) 4/9/6 9/7/1 12/5/2 0.006

Values are expressed in median [IQR], or number (%)
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Table 3 Incidence of POST

Group 1 Group 2 Group 3 p-value
(n=23) (n=17) (n=19)
Incidence of POST
Overall 8 (34.8%) 2 (11.8%) 10 (526 %) 0.035
2 h; yes 6 (26.1 %) 2 (11.8%) 9 (474 %) 0.058
4 h; yes 8 (34.8 %) 2(11.8%) 10 (52.6 %) 0.035
24 h; yes 6 (26.1 %) 1(59%) 4(21.2 %) 0.308

Values are expressed in median [IQR], or number (%). Abbreviations:
POST Postoperative sore throat, NRS Numeric rating scale

anesthesia when we compared only groups II and IIL
The higher intensity and occurrence of POST in group
III than in group II might indicate that there could be a
different mechanism of pharyngeal injury between the
groups [13], despite the similarity of ST, TTI, and suc-
cess rates in both groups. That is, the pharyngolaryngeal
tissue could be more vulnerable at a bend angle of 90
degrees than at an angle of 80 degrees.

During lighted stylet intubation, an LS-TT contacts
various pharyngolaryngeal structures [14]. We believe
that 90 degrees as a bend angle might not have over-
come the concave primary curve from the mouth open-
ing to the glottic opening [15], which could have led to
the incidence and intensity of POST being significantly
higher in group III than in group II in our study. The
airway is concave behind the base of a tongue (the pri-
mary curve), becomes convex while passing the laryngeal
vestibule (the secondary curve) and continues to the tra-
chea. We believe that the success rate and POST are
closely associated with the primary curve [16]. An LS-
TT bend angle wider than the natural angle formed by
the primary curve might be improper for overcoming
the primary curve in that the LS-TT tip might advance
while scratching the posterior wall of the trachea, even
though it can pass between the vocal cords. Moreover, if
the tip of the LS-TT would exert significant force on the
low structure around the glottic opening, the risk of

Table 4 Comparison of intensity of POST at each time point
between groups

Time Label MD of NRS 95% Cl p-value

2 h after the recovery  Group 2 vs. 1 -0.6 (-1.7,05) 0.281
Group 3vs. 1 1.1 (-0.3,26) 0.128
Group 3vs. 2 1.7 03,3.1) 0016

4 h after the recovery  Group 2 vs. 1 -1.0 (-2.1,0.0) 0.053
Group 3vs. 1 04 (-09,1.7) 0541
Group 3vs.2 14 03,25) 0011

24 h after the recovery Group 2 vs. 1 -0.8 (-1.5,00) 0.055
Group 3vs. 1 -0.2 (-1.2,09) 0731
Group 3vs. 2 06 (-02,14) 0.160

Values are expressed in median [IQR], or number (%). Abbreviations:
POST Postoperative sore throat, MD Mean difference, NRS Numeric rating scale
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arytenoid subluxation might increase [17]. When we an-
alyzed cervical spine roentgenographic images of 20 pa-
tients in a neutral head and neck position, the angle
between the oral axis and the axis of the upper part of
the trachea (which means the part from laryngeal inlet
to subglottic area) was measured as approximately 80
degrees in the preliminary examination before the study.
We thought these could induce more POST at 90 de-
grees than at 80 degrees.

We believe that most clinicians commonly use a bend
angle of 90 degrees for tracheal intubation using a
lighted stylet and that 90 degrees as a bend angle should
be intuitive for bending a stick, such as a lighted stylet.
However, an angle of 80 degrees or of 80 to 90 degrees
can also be applied with the sensation of bending slightly
more from the 90 degree by short learning curve. In
addition, we do not insist that the bend angle should be
exactly 80 degrees based on our results. We suggest that
a slightly acuter bend angle than 90 degrees could be
useful in tracheal intubation using a lighted stylet in our
study. In addition, the lighted stylet seems to have lim-
ited value with the advent of video-laryngoscopes. How-
ever, there might be some instances in which we cannot
use video-laryngoscopes, such as in patients with limited
mouth opening or very weak teeth.

There were some limitations in the present study.
First, this study had low power to investigate which bend
angle was better or best for lighted stylet intubation be-
cause we performed it as a pilot study with a small sam-
ple size of 66, without power calculation before the
investigation. When we posteriorly calculated the power
of the study for the main results, the power was approxi-
mately 40 % for the success rate and POST. We thought
that an 80-90 degree as bend angle might be a good
choice for lighted stylet intubation for successful intub-
ation. Additionally, we believed 80 degrees might be bet-
ter than 90 degrees in terms of POST. However, this
was not proven in this trial. This investigation, as a pilot
study, had an inherent risk of a type II error, which
might explain why there were no differences between
the study groups in the success rate at the first attempt
or the overall success rate. From this, we could not
know whether there was a significant difference in the
success rate of lighted stylet intubation between 80 and
90 degrees as a bend angle. Further study with a large
sample size is needed. Second, POST is a common prob-
lem, reported in up to 62 % of general anesthesia cases
[18]. Moreover, there are many factors, including sex,
age, anesthesia time, a blood-tinged appearance on the
tube at extubation, use of a neuromuscular blocker at in-
tubation, and cuff pressure during the surgery, in terms
of POST. Although there was no difference in age, sex,
anesthesia time, or use of a neuromuscular blocker at in-
tubation between the groups in our study, it seemed that
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all these possible confounding factors could not be com-
pletely controlled because this study was performed with
a small sample size. Third, we did not evaluate the bend
angle beyond 90 degrees in the study. Therefore, we
could not directly compare bend angles of 80 and 90 de-
grees with angles beyond 90 degrees in this study, even
though acute angles or 90 degrees as a bend angle seems
to be more suitable for human anatomy than obtuse an-
gles for lighted stylet intubation without neck extension
[9, 19]. Fourth, we did not investigate the Mallampati
score, which was reported to be correlated with intub-
ation time in a previous study [8]. However, we mea-
sured the circumference of the neck, which was also
reported to be directly related to intubation time [8],
and there was no significant difference between the
three groups regarding this variable in our study. Last,
this investigation included only an Asian population;
therefore, extrapolation of the study to other ethnicities
may be limited. However, we believe that there might
not be much difference between races in regard to the
angle, not the length, in patients with a normal airway
morphology.

Conclusions

We showed that the bend angle of the LS-TT could
affect the time required for tracheal intubation and
POST. The bend angle of 70 degrees made lighted stylet
intubation more time-consuming and difficult than
those of 80 and 90 degrees, and the bend angle of 90 de-
grees induced more and severe POST than that of 80 de-
grees in this study. We suggest that 80 degrees as a bend
angle can be a good choice for lighted stylet intubation.

Abbreviations

ASA: American Society of Anesthesiologists; LS: Lighted stylet; NRS: Numeric
rating scale; POST: Postoperative sore throat; SD: Standard deviation;

ST: Search time for glottis opening; TT: Tracheal tube; TTI: Total time of
tracheal intubation

Acknowledgements

The authors would like to thank Sohee Oh, Ph.D. (Medical Statistician,
Department of Biostatistics in SMG-SNU Boramae Medical Center), for statis-
tical advice and analysis.

Authors’ contributions

DW acquisition of data, analysis and interpretation of data, drafting the
manuscript, and revision of the manuscript. JML conception and design of
study, acquisition of data, analysis and interpretation of data, drafting the
manuscript, and supervision of the study, and revision of the manuscript. JL
design of study, interpretation of data and drafting the manuscript, and
revision of the manuscript. JYH acquisition of data and interpretation of data.
TKK acquisition of data and interpretation of data. JEC acquisition of data
and interpretation of data. HK acquisition of data and interpretation of data.
SM acquisition of data and interpretation of data. SWM acquisition of data
and interpretation of data. All authors read and approved the final
manuscript.

Funding
Not applicable. There was no funding for the study.

Page 8 of 9

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the institutional review board of Seoul
Metropolitan Government Seoul National University Boramae Medical Center.
(30-2018-44). All participants provided written informed consent prior to the
initiation of the study.

Consent for publication
Not applicable. No individual patient data will be reported.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Anesthesiology and Pain Medicine, Seoul Metropolitan
Government Seoul National University Boramae Medical Center, Seoul
National University College of Medicine, 20 Boramae-ro 5-gil, Dongjak-gu,
07061 Seoul, Republic of Korea. “Department of Anesthesiology and Pain
Medicine, Anesthesia and Pain Research Institute, Yonsei University College
of Medicine, Gangnam Severance Hospital, 211 Eonju-ro, Gangnam- gu,
06273 Seoul, Republic of Korea. *Department of Anesthesiology and Pain
Medicine, Seoul National University Hospital, 101, Daehak-ro, Jongno-gu,
03080 Seoul, Republic of Korea.

Received: 4 November 2020 Accepted: 6 May 2021
Published online: 17 May 2021

References

1. Hung OR, Pytka S, Morris |, Murphy M, Stewart RD. Lightwand intubation: II-
Clinical trial of a new lightwand for tracheal intubation in patients with
difficult airways. Can J Anaesth. 1995;42(9):826-30.

2. Davis L, Cook-Sather SD, Schreiner MS. Lighted stylet tracheal intubation: a

review. Anesth Analg. 2000,90(3):745-56.

Djordjevic D. Trachlight — learning tips. Can J Anaesth. 1999,46(6):615.

4. Chen TH, Tsai SK, Lin CJ, Lu CW, Tsai TP, Sun WZ. Does the suggested
lightwand bent length fit every patient? The relation between bent length
and patient’s thyroid prominence-to-mandibular angle distance.
Anesthesiology. 2003;98(5):1070-6.

5. Chen J, Luo W, Wang E, Lu K. Optimal bent length of lightwand for
intubation in adults: a randomized, prospective, comparative study. J Int
Med Res. 2012;40(4):1519-31.

6. Hung OR, Stewart RD. Lightwand intubation: I-a new lightwand device. Can
J Anaesth. 1995;42(9):820-5.

7. Ellis DG, Jakymec A, Kaplan RM, Stewart RD, Freeman JA, Bleyaert A,
Berkebile PE. Guided orotracheal intubation in the operating room using a
lighted stylet: a comparison with direct laryngoscopic technique.
Anesthesiology. 1986;64(6):823-6.

8. Hung OR, Pytka S, Morris |, Murphy M, Launcelott G, Stevens S, MacKay W,
Stewart RD. Clinical trial of a new lightwand device (Trachlight) to intubate
the trachea. Anesthesiology. 1995;83(3):509-14.

9. Adnet F, Borron SW, Dumas JL, Lapostolle F, Cupa M, Lapandry C. Study of
the “sniffing position” by magnetic resonance imaging. Anesthesiology.
2001;94(1):83-6.

10. Biro P, Seifert B, Pasch T. Complaints of sore throat after tracheal intubation:
a prospective evaluation. Eur J Anaesthesiol. 2005;22(4):307-11.

11, Julious S. Sample size of 12 per group rule of thumb for a pilot study.
Pharmaceut Statist. 2005;4:287-91.

12. Nishiyama T, Matsukawa T, Hanaoka K. Optimal length and angle of a new
lightwand device (Trachlight). J Clin Anesth. 1999;11(4):332-5.

13. Scuderi PE. Postoperative sore throat: more answers than questions. Anesth
Analg. 2010;111(4):831-2.

14.  Aoyama K, Takenaka |, Nagaoka E, Kadoya T, Sata T, Shigematsu A. Potential
damage to the larynx associated with light-guided intubation: a case and
series of fiberoptic examinations. Anesthesiology. 2001;94(1):165-7.

15. Greenland KB, Edwards MJ, Hutton NJ, Challis VJ, Irwin MG, Sleigh JW.
Changes in airway configuration with different head and neck positions

w



Won et al. BMIC Anesthesiology

(2021) 21:148

using magnetic resonance imaging of normal airways: a new concept with
possible clinical applications. Br J Anaesth. 2010;105(5):683-90.

Chou HC, Wu TL. Rethinking the three axes alignment theory for direct
laryngoscopy. Acta Anaesthesiol Scand. 2001;45(2):261-2.

Debo RF, Colonna D, Dewerd G, Gonzalez C. Cricoarytenoid subluxation:
complication of blind intubation with a lighted stylet. Ear Nose Throat J.
1989;68(7):517-20.

El-Boghdadly K, Bailey CR, Wiles MD. Postoperative sore throat: a systematic
review. Anaesthesia. 2016;71(6):706-17.

Greenland KB. A proposed model for direct laryngoscopy and tracheal
intubation. Anaesthesia. 2008,63(2):156-61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

