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Background: In intermittent negative airway pressure (iNAP) therapy, soft tissues are reshaped
into a forward-resting position, thus reducing airway obstruction during sleep. This study
investigated the effect of iNAP therapy that was administered during drug-induced sleep endo-
scopy with target-controlled infusion (TCI-DISE) in patients with obstructive sleep apnea (OSA)
intolerant of continuous positive airway pressure (CPAP) therapy.

Methods: This prospective case series study included 92 patients with polysomnography
(PSG)-confirmed OSA who underwent TCI-DISE with iNAP from January 2018 to
February 2020 at a tertiary referral hospital. Upper airway obstruction was evaluated and
scored using the velum, oropharynx, tongue base, and epiglottis (VOTE) classification.
Obstruction severity was assessed multiple times with the patient in the supine position
with or without lateral rotation of the head and the application of iNAP therapy, respectively.
Results: After the application of iNAP therapy in the supine position, obstruction severity
decreased significantly: from complete or partial obstruction to partial or no obstruction in
37, 12, and 36 patients (40.2%,

oropharyngeal, and tongue base obstruction, respectively. After simultaneously applying

13%, and 39%, respectively) with velar obstruction,

iNAP therapy with head rotation, obstruction severity decreased in 47, 43, and 19 patients
(51%, 47%, and 21%, respectively) with velar, tongue base, and epiglottic obstruction,
respectively.

Conclusion: In TCI-DISE, we found that iNAP therapy relieved velar, oropharyngeal, and
tongue base obstruction in the supine position in some patients. Moreover, iNAP therapy can
be combined with positional therapy to alleviate velar, tongue base, and epiglottic obstruc-
tion in some patients. TCI-DISE can also be used to screen the possible responders for iNAP
therapy because it is less time consuming than PSG.

Keywords: OSA, target control infusion, drug induced sleep endoscopy, iNAP therapy, velar
collapse, tongue collapse

Introduction

Obstructive sleep apnea (OSA) is highly prevalent worldwide, with an estimated
425 million adults having moderate-to-severe OSA.' Common complications of
OSA include sudden cardiac death,’ hypertension,3 cerebrovascular incidents,”*

excessive daytime sleepiness,’ and type 2 diabetes.® Although continuous positive
airway pressure (CPAP) remains the gold standard and first-line treatment for
OSA,’

therapy is often suboptimal.®

alternative therapies are required because long-term adherence to CPAP
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Oral pressure therapy (OPT) is an alternative treatment
modality for patients with poor compliance to CPAP> 13
Nigam et al'® reported that the OPT success rate (defined
as a reduction of >50% from the baseline apnea—hypopnea
index [AHI] and a post-OPT treatment residual AHI of
<10) varies between 25% and 37%. However, the success
rate does not correlate with OSA severity or the body mass
index (BMI);'®'? therefore, identifying responders and
nonresponders to OPT treatment necessitates the establish-
ment and comprehensive examination of predictors.

Multiple factors may contribute to OSA including ana-
tomical variations, body position, sleep stages, muscle
tone, arousal threshold, and loop gain effect.'*'” Thus,
upper airway obstruction has a varied and dynamic pat-
tern, making it challenging to treat patients with OSA and
predict patient response to each treatment. Therefore, iden-
tifying the sites of obstruction and the responses of
patients to alternative OSA treatments, such as surgery,
mandibular advancement device therapy, and OPT, is
essential.'® However, polysomnography (PSG), the most
common diagnostic tool for OSA,' does not provide
sufficient anatomical and real-time information of the
upper airway.

Sleep endoscopy was first advocated by Croft and
Pringle in the 1990s to target sites and structures involved
in upper airway obstruction.”” Kezirian et al renamed this
technique as drug-induced sleep endoscopy (DISE)*' and
developed the velum, oropharyngeal lateral wall, tongue
base, and epiglottis (VOTE) classification system.?” This
procedure produces a dynamic image in real time, thus
enabling the observation of the sites of upper airway
obstruction in simulated sleep that is typically not possible
during awake endoscopy, especially with regard to tongue
base obstruction.”> Thus, DISE can potentially be used to
identify responders and nonresponders to OPT treatment.
Furthermore, DISE can help understand the pathophysiol-
ogy of specific collapse patterns and determine the optimal
treatment option accordingly.

Although multiple studies have validated DISE and
reported its high interrater and test-retest reliability,>**
polysomnographic outcomes after DISE-guided upper air-
way surgery are not always satisfactory.”*>® A possible
reason for this finding may be the difficulty in controlling
the sleep depth through the manual bolus injection of
propofol. The bispectral index (BIS) and target-controlled
infusion (TCI) were developed to monitor and control the
sleep depth during the procedure.®' De Vito et al reported
that DISE with TCI (TCI-DISE) may increase accuracy,

stability, and safety.*> Our previous study reported that
relatively poor outcomes were associated with preopera-
tive and postoperative complete tongue base collapse and
postoperative velar collapse identified in TCI-DISE.*?
Thus, TCI-DISE results may be relatively reliable for
predicting treatment outcomes including those of OPT
therapy.

Intermittent negative airway pressure (iNAP) therapy
(Figure 1), the latest form of OPT, is characterized by
a lower oral tissue discomfort rate and possibly more favor-
able compliance.''™"® By providing intermittent negative
pressure to the oral cavity, the iNAP device moves both
the soft palate and tongue in an anterior direction, thereby
increasing retropalatal and retroglossal areas and reducing
airway obstruction during sleep.'” The device is battery
powered, and the air flow is designed to stop when the
targeted negative oral pressure is achieved and restart
again only when air flow is required to prevent a decrease
in target pressure.'? Through this design, iNAP enhances the
patency of the pharyngeal upper airway without a mask and
forced air, thereby preventing local tissue discomfort and
systematic dryness of the mouth. In the first month of usage,
the average sealing percentage is 60%—70%, which
increases to 80%—-90% after 2-3 months. The price of the
device is approximately US$1370. The device may be indi-
cated for patients with OSA who are intolerant to CPAP
therapy. No definite contraindication has been indicated in
the current literature.

In the present study, we investigated the effect of iNAP
therapy on patients with OSA intolerant to CPAP to deter-

mine the location of improvement of obstruction with

Figure | The intraoral negative airway pressure device.
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iNAP therapy and improve the selection of patients for
whom this therapy is suitable.

Methods

This study protocol was approved by the Institutional
Review Board of Shin Kong Wu Ho-Su Memorial
Hospital (IRB Number: 20180815R and 20190806D).
This study was conducted in accordance with the
Declaration of Helsinki. The informed consent to partici-
pate in the study have been obtained from the research
subjects prior to study commencement. In addition, the
participants gave consent to have their data published.

Study Patients

We performed a prospective case series study between
January 2018 and February 2020 at Shin Kong Wu Ho-
Su Memorial Hospital, a tertiary referral hospital in Taipei,
Taiwan. We included patients with snoring who had
a PSG-confirmed diagnosis of OSA (AHI > 5). All the
included patients underwent TCI-DISE, the steps of which
are presented as follows.

TCI-DISE System

TCI-DISE was performed in the bronchoscopy room of the
outpatient clinic. The participants included in this procedure
included one operator (a sleep surgeon), one anesthesiologist,
and two technicians (as an assistant of the sleep surgeon and
anesthesiologist, respectively). Cardiorespiratory activity
(pulse oximetry, blood pressure monitoring, and electrocar-
diography) was monitored, and oxygen was administered if
necessary. Patients were asked to fast for 8 hours before TCI-
DISE to prevent regurgitation and aspiration. To control the
depth of sleep during the procedure, a TCI system (Fresenius
Kabi Injectomat TIVA Agilia, Bad Homburg, Germany) was
used to maintain the BIS between 50 and 70.*'? In brief, the
Schnider model** was used to administer propofol at a starting
dose of 3.0 meg/mL at increments of 0.1-0.3 mcg/mL subse-
quently until the target cerebral concentration was reached.
When adequate sedation was achieved, a flexible endoscope
was inserted into the nasal cavity and through the nasal
passage for the examination of the nasopharynx, velum, oro-
pharynx, tongue base, epiglottis, and larynx. The levels of
snoring and obstruction were assessed.

iNAP in TCI-DISE

The TCI-DISE procedure commenced after the application
of iINAP therapy; the patient was placed in the supine
position (Figure 2A), and their head was rotated to the

left (Figure 2B). Subsequently, the iNAP device was
removed. DISE was repeated in the supine position
(Figure 2C), with the patient’s head rotated again
(Figure 2D). In addition, to prevent air leak from the
mouth, iNAP was set to —150 mmHg during the whole
procedure. To achieve a stable breathing pattern, heart rate,
and SpO, without major fluctuations, each maneuver was
observed for 2 minutes. The whole DISE procedure for
each patient lasted for approximately 20 minutes.

VOTE Classification System

All endoscopies were videotaped, and the degree of
obstruction at each anatomical site was determined by
experienced sleep specialists. Four levels of the collapsible
segment of the upper airway were evaluated using the
VOTE classification system,*® with the patient in the
supine position with or without head rotation. The degree
of collapse was reported as follows: no obstruction (col-
lapse: <50%), partial obstruction (collapse: 50%—75%), or
complete obstruction (collapse: >75%).

Statistical Analysis

The severity of obstruction (no, partial, or complete
obstruction) before and after iNAP therapy at each
VOTE site was compared using the McNemar—Bowker
test. In addition, the proportion of complete relief in all
the four sites of VOTE before and after iNAP therapy was
examined using the McNemar—Bowker test. Patients with
partial or complete obstruction before iNAP were classi-
fied as responders and nonresponders according to the
improvement of obstruction severity after iNAP (ie, from
complete obstruction to none or partial obstruction and
from partial obstruction to none). Baseline characteristics,
including PSG parameters before iNAP, between the
responders and nonresponders were compared using the
chi-square test for categorical variables (eg, sex) and the
independent sample ¢ test for continuous variables. The
findings of the responders were compared with the non-
responders for each site of VOTE. Data analyses were
conducted using SPSS 25 (IBM SPSS Inc., Chicago,
Illinois). All the tests were two sided, and P values of
<0.05 were considered statistically significant.

Results

Baseline Characteristics
We included consecutive patients who were intolerant of
CPAP therapy and had undergone an attended full-night
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Figure 2 A patient undergoing drug-induced sleep endoscopy in various positions with or without intermittent negative airway pressure (iNAP) therapy.
Notes: DISE was conducted multiple times for each patient in the following order: (A) Supine position with iNAP therapy, (B) Head rotation with iNAP therapy, (C) Supine

position without iINAP therapy, (D) Head rotation without iNAP therapy.

PSG (with an AHI > 5) and DISE. Patients who had
undergone upper airway surgery except nasal or tonsillect-
omy were excluded. Finally, 92 patients (75 men, 81.5%)
were included into the final analysis. The mean age of the
patients was 47.1 + 12.9 years, and the mean BMI was
26.3 + 3.9 kg/m®. The average AHI was 342 + 23.9
events/h. The average minimum arterial oxygen saturation
(Sa0,) was 78.4% =+ 9.9% (Table 1).

Obstruction Severity at the Velum Before
and After iNAP Therapy

In the supine position, 83 patients exhibited complete velar
obstruction before iNAP therapy (Figure 3A and B). After
the application of iNAP therapy, the obstruction remained
complete in 49 patients (59%; 49/83). A shift from complete
to partial obstruction was observed in 16 patients (19.3%;
16/83), and the obstruction was completely resolved in 18
patients (21.7%; 18/83; Figure 3C and D; Supplementary
Video). After iNAP therapy, the obstruction status of the
three patients who exhibited no prior obstruction remained
unchanged. Three patients with partial obstruction of the
velum before iNAP exhibited no obstruction after iNAP
therapy. Velar obstruction severity decreased in 40% of the

patients (40.2%; 37/92) after the application of iNAP ther-
apy in the supine position (P < 0.001; Table 2).

After iNAP therapy with head rotation, the obstruction
remained complete in 40 patients (48.2%; 40/83). A shift
from complete to partial obstruction was noted in 15
patients (18.1%; 15/83), and the obstruction was comple-
tely resolved in 28 patients (33.7%; 28/83; Figure 4C and
D; Figure 4A and B showed head rotation without iNAP
therapy). Four patients with partial obstruction of the
velum before iNAP exhibited no obstruction after iNAP
therapy with head rotation. After iNAP therapy was
applied with head rotation, the velar obstruction severity
decreased in half (51.1%; 47/92) of the patients (P <
0.001; Table 2). More detailed collapse directions, includ-
ing the anterior—posterior, lateral, and concentric at the
velum level, are described in Supplement Table 5.

Obstruction Severity at the Oropharynx
Before and After iNAP Therapy

In the supine position, 20 patients exhibited complete
oropharyngeal  obstruction before iNAP therapy
(Figure SA and B). After iNAP therapy, the obstruction
remained complete in 10 patients (50%; 10/20). A shift
from complete to partial obstruction was noted in 7
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Table | Baseline Characteristics of the Participants (n = 92)

Variable Frequency (%) or Mean
* Standard Deviation

Male sex 75 (81.5)

Age, year 47.1 £ 129

Height, cm 169.7 £ 9.2

Weight, kg 753 £ 155

BMI, kg/m? 26.3 £ 3.9

AHI, events/hours 342 + 239

Minimum SaO,, % 784 + 99

REM AHI, events/hours 355 +226

PLM, events/hours 74 + 147

Notes: Data are presented as frequency (percentage) or mean * standard
deviation.

Abbreviations: BMI, body mass index; AHI, apnea—hypopnea index; SaO2, arterial
oxygen saturation; REM, rapid eye movement; PLM, periodic limb movement.

patients (35%; 7/20), and the obstruction was completely
resolved in 3 patients (15%; 3/20; Figure 5C and D;
Supplementary Video 1). Two patients with partial
obstruction of the oropharynx before iNAP exhibited no

obstruction after iNAP therapy. However, one patient
shifted from no obstruction to complete obstruction after
iNAP. Overall, the severity of obstruction in the orophar-
ynx decreased in 13% (12/92) of the patients after iNAP
therapy (p = 0.019) in supine position (Table 2).

After iNAP therapy with head rotation, the obstruction
remained complete in 14 patients (70%; 14/20). A shift
from complete to partial obstruction was noted in 4
patients (20%; 4/20), and the obstruction was completely
resolved in 2 patients (10%; 2/20). One patient with partial
obstruction of the oropharynx before iNAP exhibited no
obstruction after iNAP therapy. Of note, five patients
shifted from nonobstruction to partial/complete obstruc-
tion after iNAP. Overall, after simultaneously applying
iNAP therapy and head rotation position, the severity of
obstruction in the oropharynx did not exhibit significant
improvement (7.6%, 7/92, P = 0.209; Table 2).

Obstruction Severity at the Tongue Base
Before and After iNAP Therapy

In the supine position, 26 patients exhibited complete
obstruction of the tongue base before iNAP therapy
(Figure 6A and B). Subsequently, the obstruction remained
complete in only 9 (34.6%; 9/26) patients. A shift from
complete to partial obstruction was noted in 7 patients
(26.9%; 7/26), and the obstruction was completely
resolved in 10 patients (38.5%; 10/26; Figure 6C and D;
Supplementary Video). Among the 27 patients with partial

tongue base obstruction before iNAP, the obstruction

Figure 3 Drug-induced sleep endoscopy findings at the velar level: supine position. No intermittent negative airway pressure (iNAP) therapy during (A) inspiration and (B)

expiration. Application of iNAP therapy during (C) inspiration and (D) expiration.

Nature and Science of Sleep 2021:13

2091

Dove!


http://youtu.be/WTA1CDplx54
http://youtu.be/WTA1CDplx54
https://www.dovepress.com
https://www.dovepress.com

Kuo et al

Dove

Table 2 Changes in obstruction severity before and after intermittent negative iNAP therapy in the supine position with and without

head rotation

N=92 Supine (before iNAP) P of McNemar
Method / After iINAP No obstruction Partial obstruction Complete obstruction
Collapse pattern at velum
Supine <0.001
No obstruction 3 (100.0) 3 (50.0) 18 (21.7)
Partial obstruction 0 (0.0) 3 (50.0) 16 (19.3)
Complete obstruction 0 (0.0) 0 (0.0) 49 (59.0)
Lateral <0.001
No obstruction 3 (100.0) 4 (66.7) 28 (33.7)
Partial obstruction 0 (0.0) 2 (33.3) 15 (18.1)
Complete obstruction 0 (0.0) 0 (0.0) 40 (48.2)
Collapse pattern at oropharynx
Supine 0.019
No obstruction 69 (98.6) 2 (100.0) 3 (15.0)
Partial obstruction 0 (0.0 0 (0.0 7 (35.0)
Complete obstruction 1 (1.4) 0 (0.0) 10 (50.0)
Lateral 0.209
No obstruction 65 (92.9) I (50.0) 2 (10.0)
Partial obstruction 2 (29) I (50.0) 4 (20.0)
Complete obstruction 343) 0 (0.0 14 (70.0)
Collapse pattern at tongue base
Supine <0.001
No obstruction 37 (94.9) 19 (70.4) 10 (38.5)
Partial obstruction 2 (5.1 7 (25.9) 7 (26.9)
Complete obstruction 0 (0.0 I (3.7) 9 (34.6)
Lateral <0.001
No obstruction 35 (89.7) 22 (81.5) 13 (50.0)
Partial obstruction 3(7.7) 4 (14.8) 8 (30.8)
Complete obstruction 1 (2.6) 1 (3.7) 5(19.2)
Collapse pattern at epiglottis
Supine 0.375
No obstruction 63 (91.3) 5(83.3) 4 (23.5)
Partial obstruction 1 (1.4) 0 (0.0) 2 (11.8)
Complete obstruction 5(7.2) I (16.7) Il (64.7)
Lateral 0.007
No obstruction 67 (97.1) 5(83.3) Il (64.7)
Partial obstruction 1 (1.4) 0 (0.0 3(17.6)
Complete obstruction 1 (1.4) I (16.7) 3(17.6)

Note: Data are presented as frequency (percentage).

status remained unchanged in 7 patients (25.9%; 7/27),
and the obstruction was completely resolved in 19 patients
(70.4%; 19/27). However, one patient shifted from partial
obstruction to complete obstruction after iNAP and two
patients shifted from no obstruction to partial obstruction
after INAP, respectively. Overall, the severity of obstruc-
tion in the tongue base decreased among the patients
(39%; 36/92; P < 0.001; Table 2).

After iNAP therapy with head rotation, a shift from
complete to partial obstruction was noted in 8 patients
(30.8%; 8/26), and the obstruction was completely
resolved in 13 patients (50%; 13/26; Figure 7C and D;
Figure 7A and B showed head rotation without iNAP
therapy). In the 27 patients with partial obstruction, 22
(81.5%; 22/27) exhibited complete resolution of the
obstruction, whereas one of them (3.7%; 1/27) shifted to

https:
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complete obstruction. In addition, four patients shifted
from no obstruction to partial/complete obstruction after
iNAP. Overall, after simultaneously applying iNAP ther-
apy and head rotation position, the severity of obstruction
in the tongue base showed significant improvement in 47%
of the patients (43/92, P < 0.001; Table 2).

Obstruction Severity at the Epiglottis

Before and After iNAP Therapy

In the supine position, 5 (7.2%; 5/69) of the 69 patients
without epiglottis obstruction before iNAP therapy experi-
enced complete obstruction after iNAP therapy (Figure 8C
and D; Supplementary Video) including anterior—posterior
and lateral collapse. The obstruction status of 11 (64.7%;
11/17) of the 17 patients with complete obstruction before

iNAP therapy (Figure 8A and B) remained unchanged
after iNAP therapy. Thus, neither mitigation nor exacerba-
tion of epiglottis obstruction was observed.

After iINAP therapy with head rotation, a shift from
complete to partial obstruction was observed in 3 patients
(17.6%; 3/17), and the obstruction was completely resolved
in 11 patients (64.7%;11/17; Figure 9C and D; Figure 9A and
B showed head rotation without iNAP therapy). Of the 6
patients with partial obstruction, 5 exhibited complete

resolution, whereas one of them exhibited complete obstruc-
tion. In addition, two patients shifted from no obstruction to
partial or complete obstruction after iNAP. Overall, after
simultaneously applying iNAP therapy and head rotation
position, the severity of obstruction in the epiglottis level
significantly improved in 21% of the patients (19/92, P =
0.007; Table 2).

Complete Relief at All VOTE Sites After
iNAP Therapy

The overall effect of iINAP therapy on alleviating the
collapse of the entire airway, all four levels, is described
in Table 3. Under the supine position, a shift from com-
plete or partial obstruction to no obstruction was observed
in 7 patients (7.7%) after iNAP therapy (P = 0.016). Under
the supine position with head rotation, a shift from com-
plete or partial obstruction to no obstruction was noted in
20 (22%) patients after iNAP therapy (P < 0.001).

Baseline Characteristics Between the
Responders and Nonresponders

We divided the patients into responders and nonresponders
at each anatomical level. The responders at the velar level in
the supine position had significantly lower BMIs, and those

Figure 4 Drug-induced sleep endoscopy results at the velar level: head rotation to the left. Head rotation without intermittent negative airway pressure (iNAP) therapy
during (A) inspiration and (B) expiration. Head rotation with iNAP therapy during (C) inspiration and (D) expiration.
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Figure 5 Drug-induced sleep endoscopy results at the oropharyngeal level: supine position. No intermittent negative airway pressure (iNAP) therapy during (A) inspiration
and (B) expiration. Application of iNAP therapy during (C) inspiration and (D) expiration.

Figure 6 Drug-induced sleep endoscopy results at the tongue base level: supine position. No intermittent negative airway pressure (iNAP) therapy during (A) inspiration
and (B) expiration. Application of iINAP therapy during (C) inspiration and (D) expiration.
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Figure 7 Drug-induced sleep endoscopy results at the tongue base level: head rotation to the left. Head rotation without intermittent negative airway pressure (iNAP)
therapy during (A) inspiration and (B) expiration. Head rotation with iNAP therapy during (C) inspiration and (D) expiration.

Figure 8 Drug-induced sleep endoscopy results at the epiglottis level: supine position. No intermittent negative airway pressure (iNAP) therapy during (A) inspiration and
(B) expiration. Application of iNAP therapy during (C) inspiration and (D) expiration.
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at the velar level on whom head rotation was performed
were significantly older (Supplemental Table 1). However,

other baseline characteristics including sex, age, AHI, and
minimum Sa0,, were not significantly different between the
responders and nonresponders at any level, regardless of the
patient position (Supplemental Tables 2—4).

Discussion

To the best of our knowledge, this is the first study to
investigate the dynamic effects of iNAP therapy on upper
airway obstruction in the supine position with head rota-
tion and with TCI-DISE.

In the present study, after the application of iNAP therapy
in the supine position, obstruction severity decreased signifi-
cantly—from complete obstruction to partial or no obstruc-
tion in 34 of 83 (41%) patients with velar obstruction, 10 of
20 (50%) patients with oropharyngeal obstruction, and 17 of
26 (65.4%) patients with tongue base obstruction. Moreover,
of the 27 patients with partial tongue base obstruction, no
obstruction was noted in 19 (70.4%) patients after iNAP
therapy. This finding is attributable to the fact that the
intraoral and intermittent application of negative pressure
reshapes soft tissues (ie, the tongue and soft palate) into
a more forward-resting position.'* In one study, the iNAP

device effectively improved the patency of the upper airway
when the heads of patients with OSA syndrome were in the
lateral position. The mechanism exhibited an increase in the
distance between the tongue or soft palate and the back wall
of the upper airway.'?

Hung et al (2020) performed magnetic resonance ima-
ging and reported that iNAP therapy could increase the
volume of the upper airway and retropalatal region but did
not exert a substantial effect on the retroglossal region.'?
In other words, the effect of iNAP therapy on the hypo-
pharyngeal airway was not notable; this explains why
epiglottic collapse could not be adequately corrected by
iNAP therapy alone in the present study. In addition, the
pulling effect of the tongue after the application of iNAP
therapy may increase the cross-sectional area of the lingual
epiglottis, thereby exacerbating the anterior—posterior col-
lapse. Nevertheless, this situation could be corrected
through lateral head rotation. In the present study, applying
iNAP therapy simultaneously with lateral head rotation
significantly mitigated epiglottic obstruction. Thus, posi-
tional therapy accompanied with iNAP therapy may help
alleviate epiglottic obstruction including floppy epiglottis.

After iNAP therapy, the number of patients with com-
plete obstruction at the oropharyngeal level increased from

Figure 9 Drug-induced sleep endoscopy results at the epiglottis level: head rotation to the left. Head rotation without intermittent negative airway pressure (iNAP) therapy
during (A) inspiration and (B) expiration. Head rotation with iNAP therapy during (C) inspiration and (D) expiration.
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Table 3 Complete relief in all four sites of VOTE before and after intermittent negative iNAP therapy
N=92 Supine (before iNAP) P of McNemar
After iINAP Any partial/complete Complete relief
obstruction (no obstruction)
Supine 0.016
Any partial/complete obstruction 84 (92.3) 0 (0.0)
Complete relief((no obstruction)) 7(7.7) I (100.0)
Lateral <0.001
Any partial/complete obstruction 71 (78.0) 0 (0.0)
Complete relief((no obstruction)) 20 (22.0) I (100.0)

Note: Data are presented as frequency (percentage).

11 in the supine position to 17 in the head rotation posi-
tion. This finding can be explained by the effect of posi-
tional therapy on oropharyngeal obstruction.’®*” Palatine
tonsil collapse during the lateral rotation of the head
resulted in a narrower lateral diameter at the oropharyn-
geal level. Lee et al (2015) concluded that the prevalence
of lateral wall obstruction was not affected by positional
changes.>® Beelen et al (2018) reported that when compar-
ing the supine and lateral head rotation positions, the
degree of obstruction at all levels except the oropharynx
improved significantly.*’

To investigate the overall effect of iNAP therapy on
alleviating the collapse of the entire airway, we considered
all the four obstruction levels together. We found that 7.7%
of patients respond to iNAP therapy and were free of
obstruction in the supine position. In addition, the overall
obstruction appeared to be more remarkably alleviated
while applying iNAP therapy and position therapy at the
same time. Moreover, 22% of the patients were free of
obstruction after iNAP therapy was applied together with
head rotation. Both the aforementioned findings revealed
significant differences (P = 0.016 and P < 0.001, respec-
tively). However, the overall effect of iNAP therapy
should be evaluated through PSG outcomes according to
the OSA diagnostic standard. We focused more on the
collapse pattern after iNAP therapy at each level of the
upper airway in this study.

One study suggested the use of the iNAP device for the
treatment of mild-to-moderate OSA.'" In an investigation of
the therapeutic spectrum of the iNAP device, Hung et al
(2020) reported that the best candidates for its use are indi-
viduals without obesity and with a baseline AHI between 5
and 50 events/h.'"> The discrepancies in our study results
indicated that neither the AHI nor BMI can be a favorable
predictor.12 In the present study, the results of univariate

analysis revealed no significant differences in baseline AHI.
Regarding baseline characteristics, the velar-level respon-
dents had significantly lower BMIs, and the velar-level
respondents on whom head rotation was performed were
significantly older. However, the validity of these results
remains unclear. In sum, applying iNAP during TCI-DISE
may be a new method for evaluating possible responders to
this novel therapy. However, additional research is required
for iNAP therapy on treating OSA.

Limitations

This study has some limitations. First, DISE itself has
limitations. Its known limitations include the subjective
scoring system; the various protocols involved may cause
variability, and the degree of upper airway narrowing can
be aggravated by the depth of sedation and can differ from
that observable in natural sleep.’' To prevent this potential
problem, we used the TCI system to control the depth of
sleep. In addition, we did not evaluate the tone of upper
airway muscles and the effect on the snoring level before
or after iNAP therapy in the current study due to a lack of
objective tool. According to a previous study conducted by
Carlos O’Connor-Reinalet al, tongue peak pressure is
a useful tool that helps in the identification of obstruction
sites in patients with OSA/hypopnea syndrome.® We
would evaluate tongue peak pressure and snoring level in
our ongoing study. Second, the examiner could not be
blinded to the position of the patient or whether iNAP
therapy was applied when assessing the DISE results.
However, we invited two physicians (Dr. Hsu and
Dr. Kuo) to review our DISE videos. Third, we used
DISE findings as a proxy for treatment outcomes.
Quantitative measures, such as the AHI, are preferred for
their consistency and accuracy to OSA severity. Future
research should examine the overall response of iINAP
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therapy and explore the potential of combining iNAP with
positional therapy with prospective controlled trials.

Conclusions

In TCI-DISE, we found that iNAP therapy relieved velar,
oropharyngeal, and tongue base obstruction in the supine
position in some patients. Moreover, iNAP therapy can be
combined with positional therapy to alleviate velar, tongue
base, and epiglottic obstruction in some patients. TCI-DISE
can also be used to screen the possible responders for iNAP
therapy because it is less time consuming than PSG.
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