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Abstract

Objective: The Intular Scope™" (Medical Park, South Korea) (IS) is a video-lighted stylet that can
be used for endotracheal intubation with excellent visualization by adding a camera to its end. We
compared the efficacy of a direct laryngoscope (DL) with that of the IS based on hemodynamic
changes, ease of intubation, and postoperative airway morbidities.

Methods: Seventy patients with expected normal airways were randomized for intubation using
an IS (n=35) or DL (n=35). The primary outcome was the mean arterial pressure during
intubation. The secondary outcomes were the time to intubation (TTI), percentage of glottic
opening (POGO) score, and number of intubation attempts. The incidence and severity of bleed-
ing, hoarseness, and sore throat after intubation were also recorded.

Results: Hemodynamic changes during intubation were not significantly different between the
groups. The TTI was longer in the IS than DL group. The POGO score was higher in the IS than
DL group. Hoarseness and sore throat were significantly less severe in the IS than DL group.
Conclusions: Using the IS did not significantly improve hemodynamics and resulted in a longer
TTI. However, the IS was associated with less severe postoperative airway morbidities compared
with the DL.
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Introduction

Direct laryngoscopy is the most common
and conventional method of intubation per-
formed in the operating room. However,
direct laryngoscopic intubation is difficult
in 4.5% to 7.5% of patients." A lighted
stylet is frequently used for tracheal intuba-
tion in patients undergoing general anesthe-
sia and as an alternative to a direct
laryngoscope (DL) in patients with antici-
pated intubation difficulties.> Indications
for lighted stylet-assisted tracheal intubation
include difficult intubation in patients with
limited cervical spine immobility, jaw immo-
bility, excessive bleeding or airway secre-
tions, and facial anomalies.”> However, a
lighted stylet has the following disadvan-
tages: it does not provide direct visualization
of the vocal cords during intubation, and the
intubation conditions may be affected by the
operating room lighting, patient’s skin color,
or patient’s body habitus (especially obesi-
ty). Additionally, because lighted stylet-
assisted tracheal intubation is a blind
method, esophageal intubation and airway
trauma may occur. The Intular Scope™
(Medical Park, South Korea) (IS) is a recent-
ly developed video-lighted stylet that over-
comes these limitations. The IS provides
excellent visualization of the larynx by the
addition of a camera to its end.

During endotracheal intubation, the dis-
tension force exerted on supraglottic tissues
by the traditional DL may be a major cause
of hemodynamic responses such as hyper-
tension and tachycardia.** Thus, minimizing
laryngeal stimulation or avoiding direct lar-
yngoscopy may attenuate these sympathetic

responses. Rhee et al.” reported that a light-
ed stylet attenuated the hemodynamic
responses that occurred during intubation.
In the present study, we hypothesized that
endotracheal intubation using an IS would
more effectively attenuate the hemodynamic
responses than endotracheal intubation
using a DL. We compared a DL with an
IS while performing intubation in patients
with a normal airway in terms of hemody-
namic changes during intubation, ease of
intubation, time to intubation (TTI), and
postoperative airway morbidities.

Patients and methods

This study was approved by the Institutional
Review Board of Gil Medical Center in
Incheon, South Korea (GDIRB 2018-291),
and all patients provided written informed
consent. The study involved patients aged 20
to 65 years with an American Society of
Anesthesiologists physical status of 1 to 2
who were scheduled for elective surgery with
orotracheal intubation. The patients were ran-
domized for intubation using either an IS (IS
group) or DL (DL group) by computer-
generated random numbers (Figure 1). The
exclusion criteria were a history of difficult
airway; upper airway abnormalities such as
airway inflammation, tumors, abscesses, for-
eign bodies, or known cervical spine injury;
morbid obesity (body mass index of >30 kg/
m?); performance of rapid sequence induc-
tion; uncontrolled systemic hypertension;
and performance of an emergency operation.

The IS is a flexible fiberoptic device sim-
ilar to a lighted stylet with a 38-cm-long
shaft and a 5-mm outer diameter. Its
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Figure |. Patient flow diagram.
IS, Intular Scope; DL, direct laryngoscope.

distal angle can be flexibly modified before
tracheal intubation, whereas it 1is stiff
enough to maintain its shape (Figure 2(a)
and (b)). Additionally, the device is consid-
ered an endoscope because image transmis-
sion occurs by a sensor of an image. An
image of the upper airway is obtained
through the lens of an endoscope, and the
signal of the image is then displayed
through a USB cable on the screen of a
smart device such as a smartphone or
tablet PC wusing an Android system
(Figure 2(c)). The displayed image is con-
sidered beneficial when performing tracheal
intubation, allowing the clinician to moni-
tor the pharyngeal and laryngeal structures.
Because a smartphone or tablet monitor is

Analyzed (n=35)
+ Excluded from analysis (n=0)

used together with this device, no additional
light source or monitor system is required.
The “Intular Scope” application, which is
now freely available through Google Play,
can be easily downloaded onto smart devi-
ces that wuse the Android system.
Additionally, because the IS is a disposable
device, it can reduce the risk of infection.
In the pre-anesthesia room, we assessed
the patients’ Mallampati score, thyromental
distance, upper incisor status (normal,
absent, or loose), inter-incisor distance,
and cervical spine mobility (normal,
reduced, or fixed). None of the patients
received premedication. In the operating
room, we monitored the electrical activity
of the heart, amount of oxygen in the
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Figure 2. Intular Scope. (a) Structure of the Intular Scope. The Intular Scope comprises (1) a distal lens
with a camera, (2) a bendable shaft, (3) a connector to fix the endotracheal tube, (4) a handle to use after
intubation, and (5) a cable to connect to a smart device. (b) Lens of the Intular Scope. The lens of the Intular
Scope includes (1) a camera, (2) a flexible copper tube, and (3) a cover glass to prevent decomposure of the
camera and copper tube. (c) The Intular Scope was bent at a 90° angle 6.5 cm from the distal end before

intubation.

body, and depth of sedation using an elec-
trocardiogram, pulse oximeter, and bispec-
tral index (BIS) monitor (BIS VISTA
Monitor Revision 3.0; Aspect Medical
Systems, Norwood, MA, USA), respective-
ly. Noninvasive blood pressure measure-
ments were obtained from the patients’
upper arm. Before anesthetic induction
and intubation, 100% oxygen was adminis-
tered via a face mask. In both groups,
10 pg/kg of alfentanil, 2 mg/kg of propofol,

and 09 mg/kg of rocuronium were
administered for anesthetic induction.
Hemodynamic variables and the BIS were
recorded before anesthetic induction (base-
line), before intubation, and at 1, 2, 3, 4,
and 5 minutes after intubation.
Train-of-four (TOF) measurements were
performed every 15s using the ToFscan
(IDMED, Marseille, France). Intubation
was performed with adequate neuromuscu-
lar blockade when obtaining a 0 response at
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the TOF approximately 2 minutes after
rocuronium injection. The IS was preloaded
with a tracheal tube (internal diameter,
7.5mm for men and 7.0mm for women)
and bent at a 90° angle 6.5cm from the
distal end (Figure 2(c)). After inserting the
IS into the posterior pharynx and identify-
ing the epiglottis and glottic opening, the
distal tip of the IS was advanced below
the glottic aperture, and the tracheal tube
was advanced until the cuff passed through
the glottis. Tracheal intubation using a DL
was conventionally performed with a
Macintosh laryngoscope. Tracheal intuba-
tion was performed by two anesthesiolo-
gists (J.Y.L. and H.J.H.), who had
>4 years of clinical experience and had per-
formed at least 20 cases of intentional
scope-assisted intubation, respectively.

The TTI was defined as the time from
insertion of an IS or Macintosh laryngoscope
into the oral cavity to withdrawal from the
oral cavity after intubation. Endotracheal
intubation was confirmed by the presence of
an end-tidal carbon dioxide reading. An
observer measured the TTI and hemodynamic
data. Another investigator performed optimal
external laryngeal manipulation if requested.
The operator recorded the Cormack—Lehane
glottis grade (C/L grade), percentage of glottic
opening (POGO) score, and oropharyngeal
bleeding. The intubation time in each group
was limited to 90 s per trial. If the peripheral
oxygen saturation was <90% or the intuba-
tion time was >90 s, the intubation trial was
stopped and manual ventilation was per-
formed for 1 minute. Failed intubation was
defined as failure of intubation despite three
consecutive intubation trials using the same
equipment. For failed intubation, we
employed alternative equipment not used in
this study (e.g., fiberoptic bronchoscope or
videolaryngoscope). Anesthesia was main-
tained with 2% sevoflurane and 100%
oxygen for 5 minutes after intubation.

Postoperative pharyngeal complications,
such as sore throat and hoarseness, were

assessed in the post-anesthesia care unit
and 1 day after surgery.

The primary outcome variable was the
mean arterial pressure (MAP) during intu-
bation. The secondary outcomes were the
TTI, POGO score, C/L grade, use of opti-
mal external laryngeal manipulation, and
number of intubation attempts. Based on
a previous study,’ 33 patients per group
were required to detect a difference of
20mmHg in the MAP change between the
groups and to achieve an a-error of 0.05
and a f-error of 0.8. Therefore, we enrolled
35 patients per group to compensate for a
5% possible dropout rate. Statistical analy-
ses were performed using IBM SPSS
Statistics for Windows, Version 23.0 (IBM
Corp., Armonk, NY, USA). Hemodynamic
changes over time were compared between
the groups using repeated-measures analy-
sis of variance, and post-hoc comparisons
were performed using Bonferroni’s test. The
MAP and heart rate (HR) at each time
point were compared using a t-test.
Patients’ characteristics and induction pro-
files were compared using an unpaired t-test
or the chi-square test. We used the Mann—
Whitney U test to assess the TTI and
POGO score. Statistical significance was
set at P <0.05.

Results

Seventy patients completed the study (IS
group, n=35; DL group, n=35) (Figure 1).
The patients’ age, sex, and weight did not
differ between the groups. There were also
no significant differences in the preoperative
airway assessment (Table 1).

The patients’ intubation profiles are
listed in Table 2. The TTI (median [inter-
quartile range]) was significantly longer in
the IS group than DL group (45 [26—64] vs.
34 [28-42] s, respectively; P<0.001). The
first-attempt failure rate was 17% in the
IS group and 3% in the DL group, with
no significant difference. One patient in
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Table |I. Patients’ characteristics and preoperative airway assessments.

IS group (n=135) DL group (n=35) P value
Sex, male/female 14/21 13/22 0.626
Age, years 5011 49+ 10 0.871
Weight, kg 65+ 16 68+ 14 0.426
Height, cm 16311 164+9 0.686
ASA PS, 172 15/20 18/17 0.632
TMD, cm 72+08 7.1+£09 0.726
Mouth opening, cm 44+04 45=£0.1 0.458
ROM, normal/reduced 31/4 33/2 0.673
Upper incisors, absent/normal/loose 1/24/10 0/28/7 0.399
Mallampati class, 1/2/3/4 1/20/12/2 2/16/17/0 0.303

Values are presented as mean = standard deviation or number of patients.
IS group, intubation using an Intular Scope; DL group, intubation using a direct laryngoscope; ASA PS, American Society of
Anesthesiologists physical status; TMD, thyromental distance; ROM, range of motion of the cervical spine.

Table 2. Intubation profiles.

IS group DL group P value
Time to intubation, s 45 [26-64] 34 [28-42] <0.001
First-attempt failure 6 | 0.106
Number of intubation attempts 29/5/1 34/1/0 0.131
POGO score, % 80 [70-90] 30 [20-50] <0.001
Cormack-Lehane grade, I/II/II/IV 21/12/2/0 1/19/15/0 <0.001
OELM, nolyes 5/30 18/17 0.002
Bleeding, none/trace/moderate 25/10/0 31/4/0 0.133
Sore throat-PACU, none/mild/moderate/severe 10/17/711 7/15/11/2 0.598
Sore throat-POD |, none/mild/moderate/severe 24/10/1/0 14/14/6/1 0.049
Hoarseness-PACU, none/mild/moderate/severe 5/24/6/0 3/14/18/0 0.010
Hoarseness-POD |, none/mild/moderate/severe 26/8/1/0 18/15/1/1 0.205

Values are presented as median [interquartile range] or number of patients.
IS group, intubation using an Intular Scope; DL group, intubation using a direct laryngoscope; POGO, percentage of glottic
opening; OELM, optimal external laryngeal manipulation; PACU, post-anesthesia care unit; POD, postoperative day.

the IS group underwent laryngoscope-
assisted IS intubation after the second
trial failed. The POGO score (median
[interquartile range]) was 80% [70%-90%]
in the IS group and 30% [20%—50%] in the
DL group. No patients in either group
developed desaturation events during anes-
thetic induction. Sore throat on the first
postoperative day and hoarseness in the
post-anesthesia care unit were significantly
less severe in the IS group than DL group.

The hemodynamic changes during the
operation are shown in Figure 3. There
were no significant differences in the
changes in the MAP, HR, or BIS over
time between the groups during endotrache-
al intubation.

Discussion

This study demonstrated that although use
of the IS produced hemodynamic responses
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Figure 3. Changes in MAP (upper), HR (middle), and bispectral index (lower) during intubation. There
were no significant differences in the changes in the MAP, HR, and bispectral index over time between the
groups during endotracheal intubation (P=0.383, 0.253, and 0.387, respectively). Error bars represent the
standard deviation. DL group (unfilled circle, O): intubation with direct laryngoscope; IS group (filled circle,
@®): intubation with Intular Scope. Baseline: pre-induction; TO: pre-intubation; T1, T2, T3, T4,and T5: I, 2, 3,
4, and 5 minutes after intubation.

MAP, mean arterial pressure; HR, heart rate.
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similar to those of the DL during intuba-
tion, it prolonged the TTI. However, use of
the IS resulted in less severe postoperative
airway morbidities.

The hemodynamic changes associated
with tracheal intubation have been well
studied. Intubation and airway manipula-
tion by direct laryngoscopy can cause sym-
pathetic stimulation, resulting in
hypertension and dysrhythmias. Factors
contributing to these hemodynamic changes
include the force used during laryngoscopy
and the duration and number of intubation
attempts. Distension of supraglottic tissues
by direct laryngoscopy may be a major
cause of these responses.* Therefore, avoid-
ing direct laryngoscopy may attenuate these
sympathetic responses. Several studies have
investigated the possibility that light wand
intubation may prevent sympathetic stimu-
lation. Hirabayashi et al.® found no signif-
icant maximal changes in the HR or MAP
during tracheal intubation. Friedman et al.”
and Knight et al.® also found no significant
hemodynamic differences during intuba-
tion. In special cases, however, some studies
have shown that the use of a light wand
attenuated the hemodynamic response in
patients with hypertension’ or a high
Mallampati score.” In the present study,
intubation was performed in patients with
normal airways, and there were no hemo-
dynamic differences between the IS and DL
groups during intubation. This result might
be attributed to the IS group having a
longer intubation time than the DL group.
This long intubation time may counter-
weigh the expected effect by avoiding the
use of a DL. Additionally, hemodynamic
changes during airway intubation are
more likely to be caused by tracheal stimu-
lation by intubation itself than by laryngeal
traction by direct laryngoscopy.'®

An adequate laryngeal view is essential
for endotracheal intubation. The POGO
score or C/L grade is used to evaluate the
laryngeal view. During endotracheal

intubation, the POGO score or C/L grade
is reported very differently depending on
the intubation device or patient’s character-
istics. In a manikin study by Choi et al.,'!
high POGO scores were obtained using the
Pentax, C-MAC, and GlideScope (81.7% =+
18.3%, 65.4% +25.0%, and 72.9% +
20.8%, respectively). In a study of obese
patients by Yumul et al.,'” the POGO
scores using the Video-MAC, GlideScope,
and McGrath were also very high (84% =+
20%, 87% +16%, and 91% =+ 11%, respec-
tively). In other manikin and clinical stud-
ies, a video laryngoscope provided a good
laryngeal view or high POGO score.'*'* In
the present study, the IS had a mean POGO
score of 75% +23%, similar to other
videolaryngoscopes.

In this study, the TTI was longer in the
IS group than DL group, probably because
the IS group had a higher first-attempt fail-
ure rate than the DL group. Earlier studies
have shown that a lighted stylet has no time
advantage over a DL.®' In contrast to our
results, Hung et al.'® reported that the TTI
was significantly shorter when using a light-
ed stylet (the Trachlight) than when using a
laryngoscope. In this study, the main
reason for the longer TTI was difficulty in
finding and entering the midline of the
upper airway when inserting the IS. An
Ovassapian airway or Berman airway,
which is used for oral fiberoptic intubation,
can be used to help guide the IS to the mid-
line of the airway and thus overcome this
limitation. Additionally, if difficult intuba-
tion is anticipated or intubation fails, direct
laryngoscopy-assisted IS intubation may be
helpful.

Comparison of postoperative airway mor-
bidities between the two groups showed that
sore throat on the first postoperative day and
hoarseness in the recovery room immediately
after surgery were significantly less severe in
the IS group than DL group. These results
are consistent with the results of previous
reports. Friedman et al.” showed that a
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lighted stylet was associated with a signifi-
cantly lower incidence and severity of sore
throat, hoarseness, and dysphagia than was
a DL. Hung et al.'® found that fewer patients
developed sore throats in the lighted stylet
group than in the DL group.

Our study has several limitations. First,
our study only involved patients with
normal airways. The IS, similar to the lighted
stylet, will be useful mainly in patients with
limited cervical motion, limited mouth open-
ing, or a difficult airway. Therefore, further
studies involving patients with these difficult
airway problems are required. Second, the
experienced anesthesiologists were not blinded
to the use of an IS or DL. Therefore, an
observer effect might have occurred during
the performance of intubation and affected
the hemodynamic responses.'* Third, because
we only compared the IS and DL, further
studies comparing the IS with other lighted
stylets or videolaryngoscopes might produce
different results.

In conclusion, use of the IS did not pro-
vide significant improvements in hemody-
namics and resulted in a longer intubation
procedure. However, the IS was associated
with less severe postoperative airway mor-
bidities compared with the DL.
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