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Abstract

Objective: When performing lightwand intubation, an improper transmitted glow position
before tube advancement can cause intubation failure or laryngeal injury. This study was per-
formed to explore the transmitted glow point corresponding to a priori chosen depth for light-
wand intubation.

Methods: Before lightwand intubation, we marked the transmitted glow point from a broncho-
scope on the neck when it reached | cm below the vocal cords. Lightwand intubation was then
performed using this marking point. The distances from the mark to the upper border of the
thyroid cartilage, upper border of the cricoid cartilage, and suprasternal notch were measured.
Results: In total, 107 patients were enrolled. The success rate of lightwand intubation using the
mark was 93.5% (95% confidence interval, 88.7%-99.2%) at the first attempt. The marking point
was placed 12.0mm (95% confidence interval, 10.6—13.4mm) below the upper border of the
cricoid cartilage.
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Conclusion: Anaesthesiologists should be aware of the appropriate point of the transmitted
glow on the patient’s neck when performing lightwand intubation. We suggest that this point is
approximately | cm below the upper border of the cricoid cartilage.

Trial registration: ClinicalTrials.gov NCT03480035
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Introduction

Tracheal intubation is a standard technique
for anaesthesiologists. However, it is also the
most important procedure. In most cases,
intubation is performed under direct laryn-
goscopy. However, when a laryngoscope
cannot be used for various reasons such as
limited mouth opening, weak teeth, cervical
spine instability, or facial trauma, many
alternative devices can be used.'*

There has recently been a move toward
non-blind intubation techniques emphasising
visualisation of the laryngeal entrance. This
shift has been prompted by the development
of novel imaging techniques in difficult
airway management.’ Videolaryngoscopes
have great advantages in direct visualisation
of the area around the laryngeal opening,
which can lead to successful tracheal intuba-
tion in patients with both difficult and
normal airways. However, the use of video-
laryngoscopes may be restricted in patients
with limited mouth opening, cervical spine
instability, or severely weak teeth. Tracheal
intubation using a lightwand is useful in
patients with limited mouth opening, neck
stiffness, or weakened teeth® despite this
technique being a blind intubation tech-
nique. Neck extension, lightwand modifica-
tion, and the jaw-thrust manoeuvre are
convenient methods for intubation using a
lightwand.>® During tracheal intubation

with this technique, clinicians advance a tra-
cheal tube onto the lightwand when they
judge that the transmitted light is located
at the optimal position. We considered that
an excessive tube depth combined with use
of the lightwand can lead to tracheal injury
during intubation. Additionally, we consid-
ered that a too-shallow tube depth can lead
to intubation failure or laryngeal damage
such as arytenoid cartilage subluxation or
vocal cord injury according to our clinical
experiences and a literature review.” ' The
purpose of this study was to explore the
transmitted glow point corresponding to
a priori chosen depth (1 cm below the vocal
cords) for lightwand intubation.

Materials and methods

This prospective observational study was
approved by the institutional review board
of Dongsan Medical Center, Dacgu, Korea
(2018-01-009-004). The study protocol was
registered at clinicaltrials.gov  (NCT
03480035). Patients were enrolled from
March 2018 to August 2018 after providing
written informed consent.

Adult patients (>18 years old) who were
scheduled for elective surgery and required
tracheal intubation for general anaesthesia
were screened for eligibility for this study.
Patients were enrolled in this study if they
exhibited weak teeth, cervical spine
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instability, neck stiffness, or mouth opening
of <3cm in the preoperative interviews.
The exclusion criteria were moderate car-
diopulmonary disease, a history of neck
surgery, a history of radiotherapy on the
neck, and withdrawal of informed consent.

First, we chose the optimal position of
the lightwand tip during lightwand intuba-
tion. In our literature review, some reports
indicated that use of a stylet could cause
tracheal injury.”'"*"'7 We considered
that such tracheal injury due to use of a
stylet may result from over-insertion of
the stylet into the tracheal tube before intu-
bation, rapid and powerful advancement of
the combined tracheal tube and stylet into
the trachea, or unnecessary deep insertion
of the combined tracheal tube and stylet
into the trachea. The lightwand is a type
of stylet often referred to as a lighted
stylet. Therefore, the mechanisms of possi-
ble tracheal injury by a stylet seem to apply
to lightwand intubation. Tracheal intuba-
tion may be successful while withdrawing
the stylet when the combination of the tra-
cheal tube and stylet is inserted into the tra-
chea approximately 1 cm below the vocal
cords. Therefore, in the present trial, our a
priori chosen depth for the lightwand tip
was | cm below the vocal cords.

The patients were admitted to the oper-
ating theatre without premedication and
were monitored using electrocardiography,
pulse oximetry, and noninvasive blood
pressure measurements. We inserted a light-
wand into a tracheal tube (inner diameter
of 7.0 mm for women and 7.5 mm for men)
with the bulb of the lightwand positioned at
the midpoint of the bevel of the tube before
induction of anaesthesia. Anaesthesia was
induced with 40 mg of lidocaine, 2mg-kg ™'
of propofol, 0.1 ug-kg™' of sufentanil, and
0.8 mg-kg™' of rocuronium. After manual
ventilation for several minutes, an experi-
enced anaesthesiologist (>50 bronchoscop-
ic intubations) performed an examination
using a fibreoptic bronchoscope (FOB)

with an outer diameter of 4.1mm
(Olympus LF-GP; Olympus Optical Co.,
Tokyo, Japan). When the tip of the FOB
reached the vocal cords, an assistant
attached silk tape to the instrument at the
level of the upper incisors. The FOB was
then advanced 1cm, and the supervisor
marked the brightest point of transmitted
light on the anterior neck while the practi-
tioner held the FOB 1 cm below the vocal
cords. The patient’s posture was then main-
tained with the jaw lifted by the assistant
and without neck extension. After with-
drawal of the FOB, tracheal intubation
with the lightwand (Surch-LiteTM; Bovie
Medical Corp., Clearwater, FL, USA) was
performed using the marking point as a
guide (Figure 1) by a resident who had
been trained for 2 or 3 years and had per-
formed >50 lightwand intubation proce-
dures. The practitioner lifted the patient’s

Figure |. Tracheal intubation with a lightwand
using a pre-marking point determined by a
fibreoptic bronchoscope. Bar (-): upper border of
thyroid cartilage. Spot (-): upper border of cricoid
cartilage. Cross (+): pre-marking point; the posi-
tion where the light from the fibreoptic broncho-
scope transmitted through the anterior neck shone
most brightly when the tip of the scope was located
| cm below the vocal cords during fibreoptic
bronchoscopic examination. Asterisk (*): supra-
sternal notch.
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mandible while placing the thumb of the left
hand against the mandibular molars and
pressing the index finger against the outside
of the left mandible. During this lifting of
the patient’s mandible, the practitioner
gripped the patient’s left mandible while
keeping the left hand as lateral as possible
to avoid any obstacles in handling the com-
bined lightwand and tracheal tube by the
right hand. Next, the practitioner inserted
the combined lightwand and tracheal tube
into the oropharynx from the right side and
brought it to the midline, following the mid-
sagittal plane that transected the tongue by
rotating the right hand. The practitioner
gently advanced the tip of the combined
lightwand and tracheal tube under the
tongue with anterior traction. The practi-
tioner then attempted to advance the tube
only by the right hand with the lightwand
held by the left hand if a bright glow was
adequately transmitted at the level of the
marked point. The practitioner did not
advance the instrument further if a feeling
of resistance was encountered while advanc-
ing the tube. The combined lightwand and
tracheal tube was then scooped to reposi-
tion the distal tip into the laryngeal
inlet.'® The modification angle of the light-
wand was 90 degrees, and its bending point
(by the supervisor) was 6.5 to 7.0 cm above
the distal end of the endotracheal tube
(Figure 2).° After completion of the trache-
al intubation, the distance from the mark to
the upper border of the thyroid cartilage,
the distance from the mark to the upper
border of the cricoid cartilage, and the dis-
tance from the mark to the suprasternal
notch were recorded (Figure 1). We used
a straight paper scale to measure the distan-
ces from the mark to these anatomical land-
marks to minimise the effect of the
superficial curvatures of the human body.
All procedures were completed with the
patient in the supine position without
head support by a pillow. If the first
attempt by a resident failed, the supervisor

Figure 2. Set-up of the combined lightwand and
tracheal tube. We combined the lightwand and
tracheal tube as follows. (A) We bent the union at
6.5 to 7.0 cm from the tip of the tracheal tube. (B)
The bending angle was about 90 degrees. (C) The
plastic material of the lightwand (tube-stop) was
impinged into the |15-mm tube connector to hold it
together. (D) The bulb of the lightwand was placed
at the midpoint of the bevel of the tracheal tube.

performed the lightwand intubation and the
case was recorded as a failure.

The primary outcome was the distance
from the mark on the neck (assumed to be
lcm below the vocal cords) to the upper
border of the cricoid cartilage, the distance
from the mark to the upper border of
the thyroid cartilage, and the distance
from the mark to the suprasternal notch.
The secondary outcome was the success
rate of lightwand intubation at the first
attempt. Additionally, the total time for
lightwand intubation (from insertion of
the tube combined with the lightwand into
the oral cavity to confirmation of successful
tracheal intubation as a capnographic
waveform) was recorded.

We assumed that the variation in the dis-
tances between these anatomical indicators
would be small and have a normal distribu-
tion. Additionally, we considered that some
sex-related differences in the distances
would be encountered, although our prima-
ry aim was not to compare the predicted
differences between men and women but
to present the measured distances.
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Therefore, we set the target sample size at
50 patients of each sex and calculated a
total sample size of 110 patients (50 of
each sex with a dropout rate of 10%). The
results are presented as the 95% confidence
interval (CI) for each sex and for all partic-
ipants. The Shapiro-Wilk test was used to
confirm a normal distribution of the
patients’ characteristics, including patient
age, height, weight, body mass index, neck
circumference, and the measured distances
from the marking point to anatomical land-
marks. We used an independent t-test to
evaluate whether the measured distances
differed between men and women.

Results

All patients (55 men, 52 women) were
enrolled and completed the trial. The
patients’ characteristics are shown in
Table 1. The mean distance from the mark
on the neck to the upper border of the thy-
roid cartilage was —33.1+£10.5mm (95%
Cl, —35.1 to 31.0mm) in all patients,
—38+9mm (95% CI, —40 to 35mm) in
men, and —28+ 10mm (95% CI, —31 to
—26mm) in women. The distance from the
mark to the upper border of the cricoid car-
tilage was —12.0+7.1mm (95% CI, —13.4
to —10.6mm) in all patients, —13 £ 6 mm
(95% CI, —14 to —11mm) in men, and
—11+8mm (95% CI, —14 to —9mm) in

Table I. Patient characteristics.

Male Female

(n=55) (n=52)
Age, years 53+ 14 60+ 14
Height, cm 169+ 6 I55+7
Weight, kg 71+ 11 57+8
BMI, kg-m™' 2543 24+3
Neck circumference 4] +3 36+3

(cm)

Values are expressed as mean =+ standard deviation.
BMI, body mass index.

women. In addition, the distance from the
mark to the suprasternal notch was 44.9 +
9.6mm (95% CI, 43.1-46.7mm) in all
patients, 45+8mm (95% CI, 4347 mm)
in men, and 45+ 11mm (95% CI, 42—
48 mm) in women (Table 2). The initial suc-
cess rate for tracheal intubation using the
mark at the first attempt was 93.5% (95%
CI, 88.7%-99.2%). The mean time from
lightwand-guided tracheal tube insertion
into the oral cavity to successful intubation
was 19.0 + 14.3 s in initial success cases. For
the seven patients in whom failed intuba-
tion occurred at the first attempt, the super-
visor performed lightwand intubation once
after the first attempt. No adverse events,
including desaturation, occurred during the
trial in all patients.

Discussion

This study has shown that lightwand intu-
bation can be successfully performed using
the pre-marking point as guidance for the
transmitted glow on the neck. When we
chose 1cm below the vocal cords as the
position of the lightwand tip, the success
rate was 93.5% at the first attempt in our
trial. The pre-marking point on the
patient’s neck was located slightly more
than 1cm below the upper border of the
cricoid cartilage when the priori determined
depth of the lightwand tip was 1 cm below
the vocal cords. To our knowledge, no pre-
vious study has focused on the optimal
depth for the lightwand tip. However, a
previous review article described the pro-
cess of lightwand intubation in detail.'®
The authors stated that the maximal light
intensity was present at the level of the
hyoid and then distally toward the supra-
sternal notch.'® Technically, the brightest
glow is visible within a range in clinical
practice. However, we considered that as
the lightwand advances more deeply, the
risk of tracheal injury increases. Although
this was not proven in our study, some
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Table 2. Distances from pre-marking point to anatomical landmarks.

Male Female All
(n=>55) (n=52) P-value* (n=107)
Distances from pre-marking point, mm
to thyroid cartilage upper border —-38+9 —28+10 <0.01  —-33.1+105
(—40 to —35)  (—31 to —26) (—40.2 to —35.2)
to cricoid cartilage upper border —13+6 —11+8 031 —120+£7.1
(—14to —11) (—14to—9) (—13.4 to —10.6)
to suprasternal notch 45+8 45+ 11 1.00 449 +9.6
(43-47) (42-48) (43.1-46.7)

Values are expressed as mean =+ standard deviation (95% confidence interval).
*Independent t-test was used to compare the distances between the two sexes.

previous articles have described tracheal
injury by a stylet.”!"'*7 Therefore, we
evaluated the efficacy of the lightwand tip
located 1 cm below the vocal cords for light-
wand intubation and assessed the corre-
sponding point for the position of the
lightwand tip on the patient’s neck.

The literature indicates that a too-
shallow depth of the combined lightwand
and tracheal tube can cause perilaryngeal
injury (such as subluxation of the arytenoid
cartilage) or failed intubation.'®'? To avoid
such risks, we determined that the depth of
the lightwand tip should be 1cm below the
vocal cords. We assumed that this depth
would not be too shallow if the success
rate at the first attempt was not lower
than that of previous studies involving a
lightwand. The success rate at the first
attempt of lightwand intubation under
guidance by the mark was 93.5% in our
study, which is similar to that of some pre-
vious studies on lightwand intubation®'®~%2
and superior to that of other studies.?* >
This suggests that the priori chosen depth
(Icm below the vocal cords) is not too
shallow for lightwand intubation.

After the FOB examination in the pre-
sent study, the lightwand failed to reach
the marking point in five patients (four
men and one woman). In these cases, the

combined tracheal tube and lightwand was
inserted only to the point at which resis-
tance was felt; the tracheal tube was then
pushed gently into the trachea. Lightwand
intubation was successfully performed in all
five of these patients. The two-curve theory
in the human airway was introduced in a
recent report.’® Various relationships may
exist between the first curve and the
second curve of the airway among individ-
ual people. The inflection point between the
two curves may be located more anteriorly
in some people. The combined tracheal tube
and lightwand cannot be easily advanced in
such patients because the union can contact
the posterior wall of the trachea before it
reaches 1cm below the vocal cords. We
identified no specific findings that might
be associated with the above phenomenon.
For the five above-mentioned patients, the
distance from the cricoid cartilage to the
marking point was >20mm or <5mm;
i.e., these measurements were outside the
95% CI. The two-curve theory and our
data suggest that if resistance is felt during
advancement of the combined tube and
lightwand while the transmitted light is suf-
ficiently bright on the patient’s neck, intu-
bation can gently proceed without
advancing the combined tube and light-
wand further.
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The sizes of the laryngeal cartilages also
differ among individuals. Among the laryn-
geal cartilages, the thyroid cartilage seems
to exhibit the greatest differences in size
among individuals, sexes, and races.””?® In
the present study, the distance from the
mark to the upper border of the thyroid
cartilage was significantly different between
men and women. The reason for this is con-
sidered to be the differences in the sizes of
the thyroid bones. Therefore, the thyroid
cartilage is not suitable as an anatomical
landmark for lightwand intubation despite
the thyroid cartilage being the most easily
detected cartilage because of its protrusion.
Additionally, the distance from the bright-
est position of the transmitted light to the
suprasternal notch seems to be too long for
intuitive clinical use, although the distance
from the mark to the suprasternal notch
was not different between men and
women in our study. A previous study
showed that the distance from the point at
15 mm below the vocal cord to the supra-
sternal notch, which was termed VSD-15 in
that study, was not correlated with sex in
427 patients (213 women, 214 men).”
Therefore, our results seem to correspond
to those of the previous study in terms of
the constant distance from the vocal cords
to the suprasternal notch regardless of sex.
In addition, confirming the suprasternal
notch by palpation might differ among
clinicians because palpation of the supra-
sternal notch can be obscured on the sur-
face of the body but not on radiologic
images. In our study, only one investigator
palpated the suprasternal notch and mea-
sured the distances. The mean distance
from the mark to the suprasternal notch
was about 4.5cm among all participants
as measured by one investigator in our
study, and the corresponding distance was
about 6.5cm by analysis with computed
tomography images for all patients of the
previous study.”” However, a range of 4.5
to 6.5cm might not be appropriate for

intuitive use. We believe that a range of
1.0 to 1.5cm is not difficult for clinicians
to approximate at a glance. Therefore, we
also believe that this notch is not an ade-
quate landmark. In view of the above facts,
the cricoid cartilage seems to be the best
choice among all laryngeal structures as
the landmark to determine the depth of
the lightwand in clinical practice.
However, our study was performed with a
small sample size. Therefore, the distance
from the mark to the upper margin of the
cricoid cartilage could become more con-
stant with a larger sample size.
Additionally, we used a straight paper
scale to measure the distances from the
mark to anatomical landmarks. This
might have affected the accuracy of the dis-
tances, although we used it to minimise the
effect of superficial curvatures of the
human body. Therefore, a study with a
larger sample size is needed to evaluate
the accuracy of our findings.

This study had several limitations. First,
we defined the priori chosen depth for the
lightwand tip as 1 cm below the vocal cords
according to our experience and a literature
review. No previous study has identified
the optimal depth for the lightwand tip.
We determined the priori chosen depth in
our study based on previous studies on
the use of a stylet, studies on the use of a
fibreoptic bronchoscope, or our clinical
experience. The transmitted glow position
corresponding to 3cm below the vocal
cords might provide more confidence for
successful entry of the combined lightwand
and tracheal tube into the trachea than a
point lcm below the vocal cords.
Therefore, a randomised trial involving
two or three lightwand positions is neces-
sary to identify the optimal position of the
lightwand tip. Second, we did not evaluate
complications associated with lightwand
intubation, such as the severity of sore
throat after surgery. Many previous studies
of tracheal intubation have evaluated sore
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throat. Some studies on lightwand intuba-
tion, in which the optimal position of the
transmitted light was not defined, revealed
that the incidence of sore throat ranged
from 17% to 23%.%*3%3! In one of these
studies, the incidence of sore throat was
higher in lightwand intubation than trache-
al intubation under direct laryngoscopy.*
If our chosen depth of the lightwand tip
(1cm below the vocal cords) was close to
the optimal location, sore throat after sur-
gery might have been less severe than that
in previous studies. However, we did not
evaluate this complication in the present
study. Third, the sample size was somewhat
small. Because this was an observational
study and no previous studies have focused
on the same issue, we decided that a sample
size of 50 men and 50 women (considering
the possible difference between sex and the
sample size of 50) could provide a normal
distribution of our data on the measured
anatomical distances. However, these ana-
tomical distances exhibit not only sex-
related differences but also individual and
racial differences. Our study only involved
the Korean population. Therefore, we
cannot conclude that the 95% ClIs obtained
in our study are applicable in all patients
worldwide.

In conclusion, anaesthesiologists should
be aware of the most appropriate point of
the transmitted glow on the patient’s neck
for safe and successful lightwand intuba-
tion. We suggest that 1 cm below the vocal
cords is an effective position for the light-
wand tip and that a point slightly more
than 1cm below the upper border of the
cricoid cartilage should be the correspond-
ing point on the neck.
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