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Abstract

Obijective: Videoendoscopic evaluation of swallowing is an objective swallowing function
evaluation method used in dysphagia rehabilitation. However, it is anatomically difficult to
detect the entry of foreign substances through the posterior tracheal wall using a conven-
tional endoscope (CE). In this study, we developed an endoscope that can observe the pos-
terior tracheal wall and investigated its reliability and validity in healthy adults.

Methods: Twenty healthy adults were included. The trachea was observed from
inside the larynx using a CE and a portable, flexible two-step angulation endoscope
(two-AE) with a two-step curved shaft tip. The visibility of the anterior and posterior
walls was recorded. The time from the endoscope tip entering the larynx to the pos-
terior tracheal wall was measured. Additionally, discomfort events were assessed
after the examination. McNemar's test and a paired t-test were used for statistical
analysis. Kappa coefficients and concordance rates were calculated.

Results: The anterior tracheal wall was observed using both endoscopes. The poste-
rior tracheal wall was significantly observed in 18 participants with the two-AE
(p < .001), compared to only three of 20 participants with the CE. The time to obser-
vation of the posterior tracheal wall for examiners 1 and 2 was 13.3 + 6.5 and 12.0
+ 6.7 s, respectively, with no difference between groups (p = .400). The kappa coeffi-
cients of examiners 1 and 2 and between the examiners were 0.444, 0.643, and
0.643, respectively, with concordance rates of 90%, 95%, and 95%, respectively.
Conclusion: Regardless of the examiner's years of experience, we observed that the
two-AE could observe the posterior tracheal wall.

Level of Evidence: Step 5.
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1 | INTRODUCTION

Videoendoscopic evaluation of swallowing (VE) is an objective
method for evaluating swallowing function during dysphagia rehabili-
tation. However, the form and examination methods have only chan-
ged slightly since the method was reported.! The examination uses a
swallowing endoscope, in which a fiber is inserted through the nasal
cavity to observe the morphology and structure of the pharynx, swal-
lowing dynamics, and aspiration or pharyngeal residues to evaluate
swallowing function.? Many studies have reported that the detection
of aspiration by VE is comparable to that by videofluoroscopic exami-
nation of swallowing (VF).2"? Some have reported that the specificity

254 while others have

and sensitivity of VE and VF tend to coincide,
reported that VE is more sensitive than VF for penetration and aspira-
tion.*>1* In other words, the detection rate of aspiration in VE is
debatable. Although the anterior tracheal wall can be identified during
VE, the posterior tracheal wall is almost impossible to observe. More-
over, aspiration is inferred from the residues in the piriform synus,
penetration, and dripping from the interarytenoid notch.> Therefore,
the accuracy of aspiration detection is limited.

The difficulty in observing the posterior wall of the trachea is
caused by the structure of the larynx and pharynx and the position of
the tip of the endoscopic shaft. A typical endoscope has one bending
portion on the shaft that extends from the body. The endoscope is
usually inserted ventrally beyond the soft palate. After the tip of the
shaft crosses the oropharynx, a lever on the body is used to bend the
bent part further ventrally over the epiglottis, allowing it to reach a
position where the inside of the larynx can be observed. Therefore,
the tip of the shaft tends to point toward the anterior wall of the tra-
chea, and it is often difficult to see the posterior wall of the trachea
because of the structure of the interarytenoid notch, vocal folds, and
false vocal cords. In other words, if the aspiration dripping from the
interarytenoid notch is silent, the detectability of aspiration in VE is
likely to be reduced. This means there is room for improvement in the
structure of the endoscope.

Therefore, we developed an endoscope with a two-step shaft
curvature. Evaluation methods used in research and clinical practice
must have high instrumental validity and reliability. Moreover, when
non-standardized evaluation methods are used, it is necessary to
examine their reliability in advance. In this study, we investigated the
validity and reliability of a newly developed portable, flexible two-step
angulation endoscope (two-AE) for the observation of the posterior
tracheal wall in healthy adults.

2 | MATERIALS AND METHODS

This cross-sectional study was conducted in June and July 2022.
Twenty healthy adult volunteers (seven males and 13 females [median
(interquartile range) age: 29.5 (28.0-40.0) years]) were included.
Patients with a history of diseases causing dysphagia (cerebrovascular
disorders, neuromuscular diseases, and head and neck cancer) and

those who did not consent to participate in this study were excluded.

All the study participants were fully informed about the study, ver-
bally and in writing, and provided written consent. This study was
approved by the Ethics Committee of Tokyo Medical and Dental Uni-
versity (ref: D2021-067). This was a human observational study, and
the manuscript conforms to the STROBE guidelines. The survey was
conducted ethically in accordance with the World Medical Association

Declaration of Helsinki.

21 | Equipment
A conventional portable fiber naso-pharyngo-endoscope (CE) (ENT-
30PC; Machida Endoscope Co., Ltd., Japan) and a newly developed
two-AE (ENT-30DA08; Machida Endoscope Co., Ltd., Japan) were
used. The characteristics of the endoscopes are presented in Table 1.
The two-AE consisted of a shaft part that could be inserted
through the nasal cavity and an operation part on the eyepiece side,
similar to the CE. At the tip of the shaft section was bend part 1 with
a lens (Angle 1), and bend part 2 (Angle 2) was located closer to the
control part. In the operation part, the angle levers for operating the
bending mechanism were located separately on two different surfaces
(Levers 1 and 2). Bend parts 1 and 2 could be operated independently
of each other. The bending angle of the shaft was +40° to the central
axis of the shaft section for bend part 1 and + 90° for bend part
2 (Figure 1).

2.2 | Measurements

The participants underwent VE using the CE and two-AE, examined
by examiners 1 and 2. During the examination, the participants were
instructed to sit with their heads in the midline position. Examiners
1 and 2 were dentists who had been engaged in VE for over 3 years
and 6 years, respectively. They performed VE after learning the two-
AE operation for approximately 30 min.

The examination procedure consisted of an observation of the
anterior tracheal wall when the endoscope tip entered the larynx and
an observation of the posterior tracheal wall by bending the shaft tip
to the dorsal side. We evaluated whether the anterior or posterior tra-

cheal wall could be observed (Figure 2) or not (Figure 3). An

TABLE 1 The structural differences between the portable, flexible
two-step angulation endoscope and the conventional endoscope.

Conventional Portable, flexible two-step
Unit endoscope angulation endoscope

Diameter of tip (mm) 3.2 3.2
Diameter of shaft (mm) 3.2 3.2
Angle 1 up/down (°) 130/100 40/40
Angle 2 up/down (°) Non 90/90
Angle view (°) 80 80

Number of pixels Same
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acceptable observation of the posterior tracheal wall was defined as
the visualization of the membranous wall of the superior portion of
the posterior cricoid wall just below the transverse and oblique aryte-

noid muscles. As an indication of the burden of the examination, the

observation time (s) was recorded as the time from the point when

FIGURE 1 The components of the portable, flexible 2-step
angulation endoscope. A: Angle 1; B: Angle 2; C: Lever 1; D: Lever 2.

the epiglottis disappeared from the endoscope's field of view and
entered the larynx to the point when the posterior tracheal wall was
visible. After the examination, the participants were asked about any
unpleasant events during the examination.

Examiner 1 carried out two VEs using the CE and two-AE, while
examiner 2 carried out only two VEs using the two-AE. Both examina-
tions were performed again on the same participant 1 week after the
initial examination. In the VE using the CE, the posterior tracheal wall
was considered observable if it could be observed at least once during

one of the two examinations.

2.3 | Statistical analysis

McNemar's test was used to examine whether the posterior tracheal
wall could be observed with the CE and two-AE. The time taken by
examiners 1 and 2 from the time the endoscope tip entered the larynx

Dorsal

Ventral

FIGURE 2 The image of the larynx and trachea observed using the portable, flexible two-step angulation endoscope. The posterior wall of
the trachea was observed using the portable, flexible two-step angulation endoscope (arrow).
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FIGURE 3 Theimage of the larynx and trachea observed using the
conventional endoscope. The posterior wall of the trachea could not be
observed using the conventional endoscope, only the anterior wall (arrow).

to the time the posterior tracheal wall was observed was compared
using paired t-test. The kappa coefficient, concordance rate, bias
index (Bl), and prevalence index (Pl) were calculated for intra- and
inter-examiner reproducibility.X> The significance level was set at
p < .05. SPSS version 28.0 J (IBM Inc., Tokyo, Japan) was used for sta-
tistical analysis.

3 | RESULTS

All the participants agreed to participate in the study. VE using both
CE and two-AE was possible in all cases, and all data were analyzed.

The anterior tracheal wall was visible in all participants using both
endoscopes. On the other hand, the posterior tracheal wall was
observed in 18 subjects with the two-AE, but only in three subjects
with the CE (Table 2). In one of the 20 participants, examiners 1 and
2 were able to reach the endoscopic tip into the larynx but were
unable to bend angle 1 within the larynx due to the strangulation
reflex and could not see the posterior tracheal wall. The results of
McNemar's test showed that examiner 1 was able to observe the pos-
terior tracheal wall significantly (p <.001) when using the two-AE
compared to the CE (Table 3).

TABLE 2 The results of the videoendoscopic evaluation of swallowing of the posterior wall of the trachea for examiners 1 and 2.

Examiner 1

Examiner 2

Conventional endoscope

Portable, flexible 2-step
angulation endoscope

Portable, flexible 2-step
angulation endoscope

Participants

(No.) Age (years) Sex First Second First Second First Second
1 28 M - - + + + +
2 29 F - = + I 4
3 30 M - - + + + +
4 31 M - — = + + I
5 26 M - - + + + +
6 62 F - - + I I 4
7 42 F - - + + + +
8 26 F - — + I I 4
9 29 M - + + + + +
10 29 F - = + I I 4
11 30 F - - + + + +
12 29 F - — = + + I
13 34 F - - - + + -
14 28 F - - - - - -
15 30 F - - + + + +
16 42 F — + + I I 4
17 49 F - - + + + +
18 45 F - = + I I 4
19 26 M + + + + + +
20 26 M - — = + + I

Note: “+” and “—" show that the posterior wall of the trachea was observed and not observed, respectively, during the videoendoscopic evaluation of swallowing.

Abbreviations: F, female; M, male.
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TABLE 3 The observability of the posterior wall of the trachea with the portable, flexible two-step angulation endoscope and the

conventional endoscope.

Portable, flexible 2-step angulation endoscope Observable
Unobservable

Total

Note: **p < .01. McNemar's test was performed.

TABLE 4 The time required to observe the posterior wall of the
trachea.

Examiner 1 Examiner 2
Participants (No.)  Age (years) Observing time (s)
1 28 20 13
2 29 8 8
3 30 13 23
4 31 6 6
5 26 15 4
6 62 14 19
7 42 5 6
8 26 13 11
9 29 10 2
10 29 23 18
11 30 8 8
12 29 15 14
13 34 22 28
14 28 (=) (=)
15 30 11 16
16 42 6 8
17 49 28 8
18 45 10 14
19 26 7 7
20 26 19 14

29.5(28.0-40.0° 133+65° 120+6.7°

Abbreviations: F, female; M, Male; SD, standard deviation.
2Median (interquartile range).
bMean * deviation.

The time from when the endoscope tip entered the larynx until
the posterior tracheal wall was identified was 13.3 + 6.5 s for exam-
iner 1 and 12.0 + 6.7 s for examiner 2, with no difference between
the groups (p = .400; Table 4). Regarding discomfort during examina-
tion with the two-AE, eight of the 20 participants complained of mild
discomfort in the nasopharyngeal cavity, but no nasal bleeding or pain
was observed.

The intra-rater reliability was 0.444 for examiner 1 and 0.643 for
examiner 2 for the kappa coefficient of the second test compared to
that of the first test as a reference. The concordance rate was 90.0%

and 95.0%, respectively. The Bl was 0 and 0.05, respectively, and the

967
Conventional endoscope
Observable Unobservable Total p-value
3 15 18 <.001**
0 2 2
3 17 20
TABLE 5 Intra-rater and inter-rater reliabilities regarding
examiners 1 and 2.
Kappa Concordance Bias Prevalence
value (k) rate (%) Index Index
Intra-rater reliability 0.444 90 0 0.80
(Examiner 1)
Intra-rater reliability 0.643 95 0.05 0.85
(Examiner 2)
Inter-rater reliability 0.643 95 0.05 085

Pl was 0.8 and 0.85, respectively. The inter-rater reliability was based
on the first examination of examiner 2, who had more years of experi-
ence, with a kappa coefficient of 0.643, a concordance rate of 95.0%,
a Bl of 0.05, and a PI of 0.85 for examiner 1's first examination com-

pared to that of examiner 2 (Table 5).

4 | DISCUSSION
The results of McNemar's test showed that the two-AE significantly
allowed for the observation of the posterior tracheal wall from within
the larynx compared to the CE. The CE has only one bend in the
endoscope shaft. Because of the positional relationship between the
epiglottis and the posterior wall of the pharynx, the endoscope shaft
tends to contact each structure, causing strangulation reflex, discom-
fort, and damage to the mucosa. Additionally, the anatomical structure
of the laryngopharynx makes it difficult to observe the posterior wall
of the trachea from the larynx. However, the two-AE has two bend
sections on the endoscope shaft, and the endoscope tip (bend part 1)
can be curved +40° to the shaft within the larynx. This allows the
observation of the inside of the larynx with a field of view different
from that of the CE, and the posterior wall of the trachea can also be
seen. To observe the posterior tracheal wall using the two-AE, it is
necessary to curve the tip of the endoscope toward the back from the
anterior wall and look into the posterior tracheal wall. Although the
observation range has improved compared to that of the CE, it is diffi-
cult to observe only the posterior wall, and the anterior wall is also
visualized simultaneously.

According to previous studies, the kappa coefficient of concor-
dance is “Moderate” from 0.41 to 0.60, and “Substantial” from 0.61
to 0.80.1° Both the intra-examiner kappa coefficient for examiner
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2 and the inter-examiner kappa coefficient for examiner 1 based on
examiner 2, who had more years of experience, were above 0.6, indi-
cating that the observation of the posterior tracheal wall was highly
reliable. On the other hand, the intra-examiner kappa coefficient for
examiner 1 was 0.444, which might be interpreted as less reliable than
for examiner 2. This may be due to the smaller Bl and larger PI, result-
ing in a smaller kappa coefficient.)” We believe that the effect of coin-
cidence was small in the analysis of this study, and the high
agreement rate of 90.0% between the first and second examinations
can be used in clinical practice with some degree of reliability.

Regarding the handling of the two-AE, the two examiners were
able to establish the endoscopic technique after approximately 30 min
of use, and the reliability of intratracheal observation was assured.
This was presumably because the shaft part diameter, tip diameter,
and viewing angle of the two-AE were the same as those of the CE,
and the two-AE could easily be operated with only an additional lever
operation (lever 1). Therefore, the possibility of operability affecting
the inspection quality can be considered small.

Although no previous study provides a guideline for examination
time, the time required to observe the posterior wall of the trachea
after the tip of the endoscope entered the larynx was 28 s at the lon-
gest and 2 s at the shortest, showing a large individual difference. On
average, examiners 1 and 2 took approximately the same amount of
time, and there was no difference between the groups, suggesting
that examiners of any experience level can carry out the assessments
at the same time. In one of the 20 participants, the posterior tracheal
wall was not observed because of the participant's vomiting reflex
during the VE by examiners 1 and 2. This may have been due to the
fact that the subject was a healthy adult with sensitive pharyngeal
sensations. However, there were no adverse events, such as pain or
bleeding, in any of the participants. Therefore, we considered that the
difference in the structure of the endoscope fiber tip has little effect

on the invasiveness of the examination.

4.1 | Limitation

If the posterior wall of the trachea can be observed, it would improve
the detection of aspiration that occurs when saliva or food accumu-
lated in the pyriform sinus enters the larynx and then passes through
the posterior wall of the trachea. However, the participants in this
study were healthy adults, not patients with dysphagia. Therefore,
only the presence of confirmation of the posterior tracheal wall at rest
was examined, and actual evaluation of swallowing and aspiration
detection were not performed. VE chronologically evaluates changes
in disease status and training effects, and two or more examiners may
evaluate the swallowing function in the same patient. Therefore, fur-
ther studies should test the feasibility of significantly detecting aspira-
tion adherent to the posterior tracheal wall compared to the CE in
patients with dysphagia who are at high risk of aspiration and the
occurrence of discomfort or adverse events associated with the exam-
ination. In addition, since aspiration during pharyngeal contraction

E,13’18

cannot be detected during the “whiteout” by VI it is necessary

to observe and evaluate the presence or absence of aspirated mate-
rials in the trachea. Improving the field of view with the two-AE may
enhance the sensitivity of VE.

In addition, healthy adults could maintain a stable posture dur-
ing the examination, and intratracheal confirmation from the inside
of the larynx could be performed without problems. However, in
actual clinical practice, it may be difficult to hold the posture, and
the examination of patients with involuntary movements, such as
those with Parkinson's disease, may be anticipated. Furthermore, in
the reclining and neck retroflexed positions, clinicians sometimes
encounter cases in which it is difficult to confirm the posterior tra-
cheal wall owing to anatomical features. Therefore, it is necessary
to examine the limitations of the two-AE and the optimal posture

during the examination.

5 | CONCLUSION

Examination using the two-AE was almost identical to that with the
CE, with high reproducibility of intra- and inter-examiner examina-
tions. It was suggested that the two-AE might facilitate observation of
the posterior tracheal wall regardless of the examiner's years of

experience.
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