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Abstract

Background: Patients with obstructive sleep apnea syn-
drome (OSAS) experience excessive daytime sleepiness and
insomnia and they are at risk of developing cardiovascular
disease and stroke. Continuous positive airway pressure
therapy could improve symptoms and decrease these risks;
however, adherence is problematic. Although the oral appli-
ance is another therapeutic option, patient satisfaction is
limited and the effect of the nasal airway stent —a new device
- remains unclear. Objectives: The aim of this study was to
evaluate the effect of NAS therapy in patients with mild-to-
moderate OSAS in a prospective, single-arm, interventional
pilot study. Method: Patients with mild/moderate sleep ap-
nea (n =71; Apnea-Hypopnea Index [AHI], 5-20 events/h on
polysomnography) were recruited. Sleep-associated events
were measured using a portable device (WatchPAT200) pre-
and immediately post-treatment and at 1 month follow-up.
AHI (including supine and non-supine AHI), Oxygen Desatu-
ration Index (ODI), Respiratory Disturbance Index (RDI), per-
cutaneous oxygen saturation, heart rate, and snore volume

were evaluated. Symptoms were assessed using the Ep-
worth Sleepiness Scale, Pittsburgh Sleep Quality Index, and
Hospital Anxiety and Depression Scale. Results: NAS use sig-
nificantly improved AHI, supine AHI, RD, ODI, and snore vol-
ume compared to pre-intervention (r = 0.44, 0.48, 0.3, 0.42,
and 0.34; p < 0.001, p < 0.001, p =0.011, p < 0.001, and p =
0.048, respectively). Additionally, 25 and 10% of patients
showed complete and partial response for AHI, respectively;
these improvements remained significant 1 month later.
Pittsburgh Sleep Quality Index scores improved from 6.0 to
5.3 (r=0.46, p = 0.022). Conclusions: NAS therapy reduced
severity and snoring in patients with mild-to-moderate
OSAS. Approximately 30% of patients did not tolerate NAS

due to side effects. ©2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Obstructive sleep apnea syndrome (OSAS) is a major
cause of sleep-disordered breathing and is characterized
by collapse of the upper airway [1]. Because of intermit-
tent hypoxemia [2], OSAS causes unpleasant symptoms,
including excessive daytime sleepiness, insomnia [3],
morning headache [4], depression [5], and gastroesoph-
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Fig. 1. Features of the NAS. a The NAS
comprises a tube-shaped shaft made from
rubber and a proximal nose clip to fix the
device. b The NAS is inserted into one of
the narises until it reached the retropalatal
oropharynx. NAS, nasal airway stent.

ageal reflux disease [6], and increases the risk of develop-
ing some cancer types, cardiovascular diseases, and
stroke [7-13]. The American Academy of Sleep Medi-
cine guidelines recommended the continuous positive
airway pressure as a first-line therapy for OSAS [14].
While continuous positive airway pressure is an estab-
lished therapy for OSAS, adherence to it could be prob-
lematic because of adverse effects, such as dryness, sore
throat, obstruction of nasal breathing, and discomfort
[15]. In Japan, oral appliances (OAs) have been used as
an alternative therapy for patients with mild-to-moder-
ate OSAS (5 < Apnea-Hypopnea Index [AHI] <20).
However, some patients also experience adverse effects
associated with OA therapy, including dental discom-
fort, joint pain, and dry mouth [16], which may affect
compliance with OA use. One study reported that the
discontinuation rate was 23.5% during a 1-year treat-
ment [17]. Given that OAs are the only available devices
for the treatment of mild-to-moderate OSAS, other ther-
apies are needed.

One review demonstrated the improvement of AHI
scores with nasal trumpets [18]. While this review re-
vealed success and tolerability after a short-term use,
data demonstrating generalized use over long term are
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lacking. In addition, some patients felt discomfort be-
cause the nasal trumpets were thick and hard and, there-
fore, verifying long-term tolerance isimportant. A recent
pilot study reported the efficacy of a new nasal trumpet,
the nasal airway stent (NAS; Nastent™, 7 Dreamers Lab-
oratories, Inc., Tokyo, Japan; shown in Fig. 1). The NAS
consists of a tube-shaped shaft made from silicon rubber
and a proximal nose clip to fix the device in place. The
shaft does not collapse under conditions of normal
breathing. The NAS was designed to improve breathing
ability by insertion into a single nasal cavity. It is coated
with hydrogel, as a lubricant, to ensure smooth insertion
and is available in several lengths (120-145 mm) [19],
enabling customized fitting for users. It is disposable, in-
dividually packaged, and sterilized. Among its positive
characteristics are its extreme softness, small size, smooth
insertion, and portability compared to other existing na-
sal trumpets. In a pilot study, NAS therapy decreased the
AHI scores and oxygen desaturation; however, only a
small number of participants were recruited [19]. We
performed a prospective, single-arm interventional pilot
study to evaluate whether NAS was useful and effective
for the subjective symptom improvement of mild-to-
moderate OSAS.
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Materials and Methods

Patients

This study was conducted from October 2015 to June 2017 at 4
healthcare sites in Japan (Keio University Hospital [Tokyo], RESM
Shinyokohama Sleep & Respiratory Medical Care Clinic [Yoko-
hama], Kichijyouji Sleep Medical Clinic [Tokyo], and Shinjuku
Sleep Medical Clinic [Tokyo]). Seventy-one participants diag-
nosed with mild-to-moderate OSAS (5 < AHI <20 events/h) by
overnight polysomnography (PSG) were recruited. The exclusion
criteria were as follows: sleep <3 h during treatment and AHI <5
events/h on a portable home device before treatment. Patients with
an index of <5 were excluded. We included patients if they were
supine-position dependent. Supine-position dependence was de-
fined in cases where the AHI in the supine sleeping position was
at least 2-fold the corresponding value in other sleeping positions.
Moreover, patients with unmeasurable data due to inspection
equipment troubles were excluded. We defined inconsistent NAS
use because of patient intolerance (under 30% usage in 1 month)
as failures.

The study protocol (No. 20150080) was approved by the insti-
tutional review board of each participating institution, and all pa-
tients provided written informed consent. This study was regis-
tered in the UMIN Clinical Trials Registry as “The effectiveness of
the nasal airway stent (Nastent™) in sleep apnea syndrome”; Iden-
tifier: UMIN000019423; URL: https://upload.umin.ac.jp/cgi-
open-bin/ctr_e/ctr_view.cgi?recptno=R000021082.

Study Design and Measurements

The NAS was used as a treatment for OSAS and the patients
inserted it into one of the narises; sleep-associated events were
measured using a portable home device (WatchPAT200, Itamar
Medical, Caesarea, Israel) [20]. The NAS was available in several
sizes (120-145 mm); therefore, the physicians decided regarding
the appropriate length before treatment. The appropriate length
was defined as the one in which the edge of the device was visible
when the patients opened their mouths. Pharyngeal findings were
evaluated simultaneously using the modified Mallampati classifi-
cation [21], which has been used to screen patients with OSAS [22].
In this procedure, patients sit face to face with the physician with
their mouth widely open to protrude their tongue. The airway is
classified into 4 groups according to the structures seen by the phy-
sician [21]. Additionally, the participants completed the study
questionnaires before treatment and at 1 month after the NAS use.
The questionnaires included questions regarding their age, sex,
BMI, and symptoms. The symptoms were evaluated using the 1997
version of the Epworth Sleepiness Scale (ESS) [23], the Japanese
version of the Pittsburgh Sleep Quality Index (PSQI) [24], and the
Hospital Anxiety and Depression Scale (HADS) [25]. The ESS,
PSQI, and HADS cutoff values were 11, 5.5, and 8, respectively.
Additionally, the patients kept a daily diary during the treatment
period and recorded the following information: (1) whether they
used the NAS; (2) whether they felt discomfort; (3) whether they
experienced dry mouth; (4) whether they felt a refreshed feeling in
the morning; and (5) any additional comments. The patients used
the WatchPAT200 before and immediately after the NAS treat-
ment and after 1 month. The sleep hours, inspection time (the time
which the patients wore the WatchPAT200), AHI (including su-
pine and non-supine AHI), Respiratory Disturbance Index (RDI),
Oxygen Desaturation Index (ODI), percutaneous oxygen satura-
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tion (SpO,), heart rate, and snore volume were recorded by the
WatchPAT200 device and collected at the completion of the study
period.

We evaluated the NAS effects according to the measurements
recorded by the WatchPAT200 and the questionnaire responses
before and after treatment. We also evaluated differences in effects
according to pharyngeal findings.

Statistical Analysis

Data are expressed as mean + standard deviation. The primary
end point was the decrease in AHI after treatment; the secondary
end points were the change in symptoms and the frequency of side
effects. Differences in pre- and post-therapy AHI and other mea-
surements were assessed using the Friedman, Greenhouse-Geiss-
er, paired t, and Wilcoxon signed-rank tests, where appropriate.
Subsequently, the participants were categorized into one of the 4
groups in accordance with the modified Mallampati score. Differ-
ences among the measurements in each group were evaluated us-
ing a 2-way repeated-measures ANOVA. Additionally, the pre-
and post-treatment AHI scores in each group were evaluated using
the paired t test or Wilcoxon test, where appropriate. The sample
size was calculated according to the results of a previous pilot study
[19]. At an a level of 0.05 and power of 90%, 30 individuals were
required. As the dropouts were anticipated, 50 individuals were
recruited. However, there were more dropouts than anticipated.
Consequently, more individuals were recruited. All statistical anal-
yses were performed using SPSS version 23 (IBM Corporation,
Armonk, NY, USA).

Results

Patient Characteristics

There were 71 patients diagnosed with mild-to-mod-
erate OSAS by overnight PSG who agreed to participate
in this study. Fourteen patients dropped out due to per-
sonal reasons or were excluded because of technical dif-
ficulties, such as sensor and machine troubles while using
the WatchPAT200, resulting in unmeasurable data. In
addition, we excluded patients whose AHI scores were <5
based on the results of portable home devices before
treatment; we also confirmed that the enrolled patients
were not supine-position dependent. Therefore, 48 pa-
tients remained. Sixteen of them discontinued the use of
the NAS during the first month due to discomfort and
nasal mucus and were excluded from the study. We
counted the response rates of all 48 initially enrolled. Fi-
nally, 32 patients completed the study and we assessed the
effects of NAS on them (shown in Fig. 2). Their charac-
teristics are summarized in Figure 3. The mean age and
AHI score according to PSG was 52.7 years and 12.1
events/h, respectively. The mean PSQI scores were above
the cutoff level of 5.5; however, the mean ESS and HADS
scores were not (shown in Table 1).

Respiration 2021;100:193-200 195
DOI: 10.1159/000512319



[ 71 patients were recruited |

« Did not complete the study

-Personal reasons (n = 9)

» AHI < 5 on portable home devices before treatment
(n=9)

« Unmeasurable data due to machine troubles (n = 5)

[ 48 patients |

Y

32 patients completed [
the study successfully |:

16 patients failed |

«Discontinued treatment
- Discomfort (n = 13)
- Nasal mucus (n = 3)

AHl scores
35 [ * ‘
30 °
25 ° ®e
[ ]
_ 201 o .
< ®ee® ° R
(]
154 .o’ .0.. .:..
- r———v— °
101 eetes ot ‘e
(] —_—
:::. o...zo o..o..
> ®e30e ‘oo
0 ... .:..
T T ¢
Pre-treatment Post-treatment 1 month after
treatment

Fig. 2. Flow diagram of the study recruitment process.

Table 1. Baseline characteristics of the patients before treatment

Characteristic Value

N (M/F) 32 (21/11)
Age, years 52.7%11.9
BMI, kg/m? 23.6t4.1
AHIL /h 12.1+4.4
ESS 7.0+4.0
PSQI 6.0+£2.9
HADS (anxiety) 3.6+2.8
HADS (depression) 5.4+3.5

Data are presented as number (ratio) or mean + standard
deviation. AHI, Apnea-Hypopnea Index; ESS, Epworth Sleepiness
Scale; PSQI, Pittsburgh Sleep Quality; HADS, Hospital Anxiety
and Depression Scale.

Effectiveness of the NAS

The post-treatment AHI scores and the correspond-
ing after 1 month of treatment significantly improved
(12.7-7.9, 8.6 events/h, respectively; r = 0.44, p < 0.001)
(shown in Fig. 3). In particular, the NAS improved the
supine AHI (18.5-12.4, 10.8 events/h, respectively; r =
0.48, p < 0.001); 84.4% of patients were supine-position
dependent (shown in Table 2). The success rate in this
study was 60% (including the initially enrolled patients
who were excluded due to failures and machine trou-
bles). Subsequently, we defined the complete and partial
responses, as the AHI scores reduced to <5 events/h and
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Fig. 3. The AHI scores before and after treatment. The NAS sig-
nificantly improved the AHI scores immediately after and at 1
month after treatment. AHI, Apnea-Hypopnea Index; NAS, nasal
airway stent.
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Fig. 4. Degree of improvement of the AHI scores in each group.
Only patients with Mallampati class II exhibited the effects of the
NSA in pre- and post-treatment comparisons. AHI, Apnea-Hy-
popnea Index; NAS, nasal airway stent.

by >50%, but still >5 events/h, respectively. The com-
plete and partial response rates were 25.0 and 10.5%,
respectively. Additionally, the PAT-RDI and ODI scores
improved (r = 0.3, p = 0.011 and r = 0.42, p < 0.001 for
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Table 2. Effectiveness of NAS therapy

NAS therapy results p value

pre post after 1 month
Inspection time, min 379.3+60.1 391.6£73.1 370.9+55.8 0.298
Sleeping hours, min 330.6+53.4 345.2+65.6 324.2451.0 0.229
PAT-RD], /h 17.2+5.8 13.6%6.1 14.0+6.8 0.011
3% ODI, /h 7.8+5.6 4.4+4.1 4.9+4.8 <0.001
AHI, /h 12.7+6.1 7.9%5.5 8.6+6.5 <0.001
Supine AHIL /h 18.5+£12.2 12.4+10.1 10.8+8.7 <0.001
Non-supine AHIL, /h 4.0+4.3 3.8+4.2 4.9+5.4 0.467
% Time of supine sleep, % 61.6+27.8 57.9+22.8 81.8+11.6 0.398
Average SpO,, % 95.5+0.8 95.7£0.9 95.7%1.1 0.247
Minimum SpO,, % 84.5£5.1 88.2£3.5 87.4t4.9 0.002
% Time of SpO, <90%, % 0.89+1.40 0.30+0.60 0.60£1.51 0.077
Minimum HR, /min 46.0%5.5 48.1£5.2 44.6%6.0 0.014
Average HR, /min 61.4+6.5 62.3x7.4 60.3£7.5 0.044
Average snore volume, dB 45.0+4.2 43.6+2.5 43.4+2.6 0.048

Friedmann and Greenhouse-Geisser test for p values. Data are presented as meantstandard deviation. NAS,
nasal airway stent; RDI, Respirator Disturbance Index; ODI, Oxygen Desaturation Index; AHI, Apnea-Hypopnea
Index; SpO,, percutaneous oxygen saturation.

the PAT-RDI and ODI scores, respectively). The ODI
scores of 7 participants were >10 events/h. Among them,
5 showed improvement of ODI scores to <10 events/h
after undergoing the NAS treatment. Furthermore, the
NAS treatment resulted in increased SpO,, altered heart
rate, and a significant improvement in the average snore
volume (shown in Table 2). Furthermore, the percent-
age of time that a snore remained above 50 dB tended to
be lower at post-treatment (13.4%) and at 1 month after
the treatment completion (13.2%) compared to the cor-
responding values at pre-treatment (21.8%) with p =
0.045 and 0.095, respectively (Wilcoxon signed-rank
test).

Then, the participants were grouped according to the
modified Mallampati classification. There were no statis-
tically significant differences in age, BMI, or AHI scores
among the 4 groups. The degree of AHI score improve-
ment in each group was also evaluated. There were no
significant differences among the 4 groups; however, pre-
and post-treatment comparisons of patients with Malla-
mpati class IT showed that they benefitted from the NAS
use (13.3-6.5 events/h; p = 0.012) (shown in Fig. 4). The
questionnaire responses reflected the NAS effects on pa-
tient symptoms. Although the post-treatment PSQI
scores were significantly improved, there were no statisti-
cally significant differences in the ESS and HADS scores
(shown in Table 3).

Nasal Airway Stent Efficiency for OSAS
Patients

Table 3. Effectiveness of NAS therapy based on questionnaire
responses

NAS therapy results

pre after ] month  p value
ESS 7.0£4.0 6.8+4.4 0.651
PSQI 6.0+2.9 5.3+3.0 0.022
HADS (anxiety) 3.6+2.8 3.0+2.3 0.119
HADS (depression) 5.4+3.5 4.0+2.5 0.210

Wilcoxon, paired ¢ test for p value. Data are presented as mean
+ standard deviation. NAS, nasal airway stent; ESS, Epworth
Sleepiness Scale; PSQI, Pittsburgh Sleep Quality; HADS, Hospital
Anxiety and Depression Scale.

Adverse Events

Discomfort was the most reported adverse effect of the
NAS; 33.3% (n = 16/48) of the patients could not use the
NAS even for a few days. Similarly, 77.2% of patients who
could use it consistently experienced discomfort to some
extent, but this symptom gradually disappeared as they
became accustomed to the use of the device. Finally,
29.4% of the patients had some lasting discomfort, but all
patients used the NAS every day. Additionally, only 1 pa-
tient had a nasal mucosal trauma, observed by a small
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amount of blood at the top of the NAS. Thus, there were
no severe enough adverse events to warrant consultation
with a physician.

Discussion

Previous studies have shown that the NAS can reduce
the AHI scores of patients without OSAS surgery [19, 26].
However, these studies had a small number of partici-
pants and long-term effects were not assessed. In the pres-
ent study, we demonstrated that NAS therapy decreased
the AHI scores at 1 month after treatment. We found that
the AHI was reduced from 12.7/h to 8.6/h at 1 month (ap-
proximately 33% reduction compared to the pre-AHI
score). Further, we showed that the complete and partial
response rates of the NAS were 25.0 and 10.8%, respec-
tively; the complete response rate was comparable with
that of OAs [27-29].

One study has shown that ODI scores >10 events/h
were associated with an increased risk of cardiovascular
disease development [30]. In our study, the ODI scores of
7 participants were >10 events/h; 5 of these 7 participants
exhibited improved ODI scores of <10 events/h after un-
dergoing the NAS treatment, indicating that the latter
may decrease the risk of developing cardiovascular dis-
eases.

The Mallampati classification is an established method
for assessing the pharynx status [31]. Interestingly, a pre-
vious study has used it to evaluate the NAS effect on the
pharynx status [26]; therefore, we decided to use the Mal-
lampati classification in the present study. We demon-
strated that patients with Mallampati class II tended to
show more improvements after using the NAS compared
to the other Mallampati classification groups. However,
we did not show the usefulness of the Mallampati classi-
fication as a predictive factor for the effectiveness of NAS
therapy, probably because of the small number of patients
included in each classification group; thus, more partici-
pants are needed to investigate the association between
the Mallampati classification and the effectiveness of
NAS therapy in future studies.

We found that NAS therapy significantly reduced the
snore volume and the percentage of time, in which a snore
remained above 50 dB. This effect was immediate and it
remained after 1 month. A decrease in higher-decibel
snoring may provide better sleep quality. In contrast, only
the PSQI scores improved. In Japan, the patients with se-
vere OSAS often have low ESS scores; especially, the aver-
age score has been reported to be at 7.6 [32]. However, in
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this study, 40.6% of patients complained of sleepiness and
61.5% reported improved sleepiness after using the NAS.
The low initial scores (ESS and HADS) before treatment
may have led to a lesser improvement in these scores.

The side effects of NAS therapy included nasal mucus
and discomfort; approximately 30% of the patients did
not continue to use NAS therapy because of these side ef-
fects. Similarly, previous studies have reported that 23.5%
of patients using OAs stopped the treatment as they faced
tooth discomfort and periodontopathy [17]. In addition,
only 1 person had nasal mucosal trauma during the
1-month use. This mucosal trauma was mild, with a small
amount of blood observed on the NAS. The low incidence
of mucosal trauma was likely due to the soft material of
the NAS, suggesting that it could be used safely in the
long-term.

Although our results revealed that there was only a
small improvement in the AHI score after NAS use, it is
important to note the improvement in subjective symp-
toms, such as sleepiness and the snore volume reduction.
Our results showed that for some patients, the NAS
worked as well as the OAs. Therefore, we propose that the
NAS could be a potential treatment choice for patients
with OSAS, because it is important to optimize treatment
by trying and combining various methods [33].

There were several limitations in this study. First, the
participants were limited to those with mild-to-moderate
OSAS (5 < AHI <20) and the study population primarily
comprised those with mild OSAS. This was lower than the
range defined by the American Academy of Sleep Medi-
cine (AASM) for cases of moderate OSAS (15-30). Addi-
tionally, the average AHI score was 12.1, which was high-
er than the recommended values for the mild category, as
defined by the AASM standards. This may limit the gen-
eralization of our results to patients with moderate OSAS
with higher AHI scores. Second, this study was not a ran-
domized controlled trial. Rather, it was an uncontrolled
study with a high dropout rate and was performed with
the aim to justify future, controlled trials. Therefore, a ran-
domized controlled trial would be necessary to establish
the effectiveness of the NAS in patients with mild-to-
moderate OSAS. Third, all the participants had BMIs
within a healthy range according to the western BMI cut-
off values. This may limit the generalizability of our results
to overweight or obese patients. Fourth, this was a short-
term study; therefore, long-term adherence remains un-
known. Further studies are needed to evaluate the effects
of NAS therapy in patients with a wider OSAS severity and
in obese patients, and to compare the effects between the
NAS and OA therapies over a long-term period.
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Conclusion

Our results showed that NAS therapy might be effec-
tive in reducing symptoms and snoring in patients with
mild-to-moderate OSAS. However, in this uncontrolled
study, the response rate was found to be approximately
one third and 30% of patients did not tolerate the NAS
due to side effects. We believe that further clinical trials
in patients with mild-to-moderate OSAS could lead to the
recognition of the NAS as a new therapeutic device.
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