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Abstract

Study background: Obstructive sleep apnea (OSA) is a common disease characterized by repetitive upper
airway obstruction during sleep. OSA is associated with an increased risk of cardiovascular morbidity. Continuous
positive airway pressure (CPAP) has been established as a standard therapy for OSA, but it is not always tolerated
by OSA patients.

Objective: In a pilot study, we evaluated the therapeutic effects of the nasal airway stent (NAS), a new
nasopharyngeal device placed in the nasopharynx, on OSA and snoring.

Methods: Six subjects with OSA were enrolled. The apnea-hypopnea index, oxygen desaturation index, lowest
oxygen saturation, and snore index were analyzed before and during treatment with the NAS.

Results: All subjects tolerated the NAS, with good compliance. Treatment with the NAS ameliorated apnea and
hypopnea events and improved oxygen saturation in subjects with mild to moderate OSA. Snoring in all subjects
was improved by the NAS.

Conclusions: The NAS stent is a readymade device that could be an alternative therapy for patients with mild to
moderate OSA who cannot tolerate CPAP or for subjects with snoring.

Keywords: Nasal airway stent; Obstructive sleep apnea; Sleep
medicine; Snoring

Abbreviations:
AHI: Apnea Hypopnea Index; BMI: Body Mass Index; CPAP:

Continuous Positive Airway Pressure; HI: Hypopnea Index; NAS:
Nasal Airway Stent; ODI: Oxygen Desaturation Index; OSA:
Obstructive Sleep Apnea; s-NAS: Single NAS; SpO2: Oxygen
Saturation With Pulse Oximetry

Introduction
Obstructive sleep apnea (OSA) is a common public health problem

that affects as much as 4% of the adult population [1,2]. Because OSA
is associated with recurrent hypoxia and apnea during sleep, patients
are exposed to decreased oxygen saturation, leading to the potential
development and exacerbation of not only cardiovascular and
cerebrovascular, but also metabolic diseases [3-6]. Several therapies
have been developed to treat OSA, including surgery and continuous
positive airway pressure (CPAP) [7]. CPAP has been established as a
standard therapy for patients with OSA [7-9]. However, although it is
effective, low patient tolerance remains an obstacle to be overcome
[10,11]. Moreover, patients with OSA may have difficulties with both
poor portability of CPAP machines (which can be large and heavy)

and lack of availability of electrical power supply during travel.
Alternative therapeutic devices that could replace CPAP for short or
long periods are therefore required. Some previous studies have
reported oral or nasopharyngeal appliances as non-surgical
alternatives to CPAP for OSA patients who do not tolerate CPAP
treatment [12-18]. Although the concept of nasopharyngeal tube
insertion to maintain airflow through the upper airway during sleep
was proposed in the 1980s and has been reviewed before [7,12,18],
such devices are not currently in common use. The nasal trumpet has
been used successfully to decrease airway obstruction in the short
term, such as immediately after surgery for OSA [18]. However, the
stiffness, length, and consequent discomfort of nasal trumpets mean
that they need to be improved for long-term tolerability [18].

We developed a nasal airway stent (NAS), which is a ready-made,
non-invasive, and tolerated treatment device for subjects with OSA or
snoring. The NAS is specifically designed as a nasopharyngeal stent
that maintains the patency of the nasal airway through to the
nasopharynx and retropalatal oropharynx during sleep. Although we
have developed three kinds of NAS—single NAS (s-NAS), double
NAS, and expandable NAS [19] these devices have not yet been
manufactured commercially. Here, we performed a pilot study to
assess the therapeutic efficacy of the s-NAS on OSA and snoring in
subjects with varying degrees of severity of OSA. We verified that the
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use of the s-NAS is feasible as a supportive therapy for mild to
moderate OSA and snoring.

Materials and Methods

Subjects
The subjects were six male subjects (age, 42.1 ± 8.9 years; body mass

index (BMI), 26.6 ± 2.1) who had been previously diagnosed as having
OSA by polysomnography. All subjects provided written informed
consent after receiving a full explanation of the procedures involved.
This study was approved by the University of Tsukuba institutional
review committee and was performed in accordance with the
recommendations in the Helsinki Declaration.

The s-NAS
The s-NAS is specially designed as a nasopharyngeal stent that

maintains the patency of the nasal airway through to the nasopharynx
and retropalatal oropharynx by mechanically preventing the upper
airway obstruction by the movement and vibration of soft palate
during sleep. Unlike currently available nasopharyngeal appliances,
the s-NAS is constructed of resilient silicone rubber for the purpose of
maintaining the patency of the upper airway by insertion into the nasal
cavity. The device consists of a tube-shaped shaft (4.4 mm internal
diameter) encapsulated by a water-soluble gel as a lubricant, and a
proximal nose clip to fix the device in the appropriate position for
optimal treatment efficacy (Figure 1a). The shaft of s-NAS is designed
to maintain not to collapse by a pressure of more than 20 cm H2O in
an airflow of 0.1 to 0.51 L/sec—approximately the maximum speed of
inspiration under normal breathing conditions. s-NAS devices with a
variety of lengths (120 to 145 mm) were manufactured to enable
appropriate treatment efficacy for all subjects (Figure 1b) [12]. The
distal end of the s-NAS is inserted via the nostril into the nasal cavity
until it reaches the retropalatal oropharynx (Figure 1c). Each device
comes singly wrapped in a sterile bag. All manufacturing processes
were kindly performed by Seven Dreamers Laboratories, Inc., Tokyo,
Japan.

Figure 1: Diagrams of the single nasal airway stent (s-NAS). (a)
Overview. A, tube; B, air holes; C, nose clip. White scale bar, 120 to
145 mm. (b) Schematic diagram of s-NAS devices of various
lengths. (c) Schematic diagram of nasopharyngeal insertion of the
s-NAS. The device is inserted via a nostril into the nasal cavity until
it reaches the retropalatal oropharynx.

Study design
Nocturnal respiratory events in all subjects, including oxygen

saturation, snoring, and apnea and hypopnea events, were recorded by
portable monitoring during treatment with the s-NAS. Physicians
determined the appropriate length of the s-NAS for each subject and
then instructed and trained all subjects on how to insert the s-NAS
into the nasal cavity by themselves to maintain patency of the upper
airway. Respiratory events in subjects using the s-NAS were recorded
no more than 1 month after the first recording without the s-NAS.

Measurements
Each subject wore a 4-channel portable device (SAS-2100 for

airflow, snoring, oxygen desaturation, and heart rate; Nihon Kohden,
Tokyo, Japan); this device is categorized as a Level 4 device by the
American Academy of Sleep Medicine [20]. Nasal flow, oxygen
saturation with pulse oximetry (SpO2), and snoring were recorded for
at least 4 h at night by portable monitoring with the SAS-2100. The
apnea-hypopnea index (AHI) and 3% oxygen desaturation index
(ODI) were analyzed manually with the QP-021W software (Nihon
Kohden). On the basis of the respiratory event scoring of the
American Academy of Sleep Medicine [21], apnea was defined as a
reduction in amplitude of airflow by more than 90% from the pre-
event baseline for no less than 10 sec. Hypopnea was defined as a
reduction in amplitude of the airflow by more than 30% from the pre-
event baseline for no less than 10 sec, in association with a drop of 3%
or more in oxygen saturation. The AHI was calculated as the total
number of apnea events per hour (apnea index; AI) plus hypopnea
events per hour (hypopnea index; HI) in nocturnal recording periods.
The 3% ODI was defined as the total number of 3% desaturations of
oxyhemoglobin divided by the total number of nocturnal recording
hours; it was represented as the number of events per hour. Snores
were analyzed automatically by using the QP-021W software. The
snore index was calculated as the number of snores per hour during
nocturnal recording periods.

Results
The s-NAS is specifically designed as a nasopharyngeal stent that

maintains the patency of the nasal airway through to the nasopharynx
and retropalatal oropharynx during sleep (Figure 1). Although
nasopharyngeal appliances are currently available, unlike those
appliances, the s-NAS is constructed of resilient silicone rubber that
enables the upper airway to maintain the patency. The silicone-made
shaft of the device is designed to have a resistant to collapse by a
pressure of the maximum speed of inspiration under normal breathing
conditions. Furthermore, as compared with many of conventional
nasopharyngeal appliances, another important feature of the s-NAS is
a readymade device that patients readily insert it into the nasal cavity
by themselves, leading to the better compliance for patients with OSA
and subjects with snoring than currently available nasopharyngeal
appliances.

Six male subjects with varying severities of OSA were enrolled in
the study. To assess the therapeutic effects of the s-NAS on mild (5 ≤
AHI < 15), moderate (15 ≤ AHI < 30), and severe (30 ≤ AHI) OSA,
and on snoring, we evaluated AHI, 3% ODI, the lowest SpO2, and the
snore index before and during treatment with the s-NAS by portable
monitoring (Table 1).
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Subject Length of

s-NAS (mm)

Sex Age BMI (kg/m2) AHI (/hr) 3% ODI Lowest SpO2 Snore index

A Pretreatment Male 39 24.7 12.7 10.6 88 0.7

Treatment 135 4.6 5.0 93 0.4

B Pretreatment Male 37 25.9 13.1 11.0 73 9.8

Treatment 130 12.0 11.5 79 0.3

C Pretreatment Male 34 26.9 18.5 17.0 85 104.7

Treatment 130 9.0 9.0 89 24.7

D Pretreatment Male 39 24.1 19.8 16.3 82 25.5

Treatment 130 7.4 6.9 92 5.8

E Pretreatment Male 45 29.6 22.4 21.8 70 129.4

Treatment 130 10.1 10.5 79 93.3

F Pretreatment Male 59 28.4 30.4 30.4 77 368.2

Treatment 130 19.1 17.1 88 18.4

Table 1: Summary of subjects enrolled in the study. (Age, BMI, AHI, 3% ODI, lowest SpO2, and snore index before and during treatment with
the single nasal airway stent (s-NAS) were recorded overnight by portable monitoring with an SAS-2100 monitor and were analyzed with
QP-021W software. Respiratory events in subjects using the s-NAS were recorded no more than 1 month after the first recording without the s-
NAS).

Figure 2: Therapeutic effect of the single nasal airway stent (s-NAS)
on apnea-hypopnea index, (AHI), apnea index (AI), and hypopnea
index (HI). (a) AHI, (b) AI, and (c) HI before treatment and during
treatment with the s-NAS are shown. Subjects A and B had mild
OSA, subjects C, D, and E had moderate OSA, and subject F had
severe OSA (Table 1).

All subjects tolerated the use of the s-NAS, and compliance of all
subjects with the device for a month was confirmed. Treatment with
the s-NAS obviously ameliorated mild and moderate OSA, as
confirmed by the decrease in 3% ODI, AHI, and AI and the
improvement in the lowest SpO2 (Table 1, Figure 2a and 2b); the
device had limited therapeutic impact on HI (Figure 2c). However, the
s-NAS had no effect on hypoxic events in one subject with tonsillar
hypertrophy (subject B), even though this subject had only mild OSA.

The therapeutic impact of the s-NAS was also limited in subjects
with severe OSA, although there was some improvement in their
apneic events. Remarkably, s-NAS treatment had a marked therapeutic
impact on snoring in all subjects, regardless of the severity of OSA

(Table 1). Throughout the clinical trial, no adverse effects, such as
nosebleed, pain, discomfort, infection, or allergic responses, were
reported following insertion of the s-NAS.

Discussion
In this pilot study we examined the effectiveness of the s-NAS for

treating OSA, as determined by the AHI and oxygen desaturation, as
well as snoring. We verified the therapeutic efficacy of the device in
mild to moderate OSA and in snoring, with good compliance for a
month. The s-NAS could be useful as not only a ready-made tool for
subjects with OSA or snoring, or both, when traveling, but also as an
alternative for OSA patients who cannot tolerate CPAP. Unlike oral
appliances the device is immediately available [16]. The s-NAS is
designed to maintain airflow through the nasopharynx and
retropalatal oropharynx by mechanically preventing the upper airway
obstruction by the movement and vibration of soft palate during sleep,
but it does not ameliorate the hypopharyngeal airway obstruction
theoretically. Thus, the device has a therapeutic effect on the
movement and vibration of soft palate during sleep anatomically.
Although we did not classified our patients in accordance to the Fujita
classification, all subjects who showed ameliorated OSA and snoring
by using the s-NAS would be classified in Fujita type I [22]. As we
expected, on the basis of features of the s-NAS (length, structure, and
design), the device was not effective in one subject with mild OSA and
tonsillar hypertrophy and it was unable to normalize the AHI in severe
OSA; these findings were consistent with those in previous studies of
nasal and oral appliances [12,14,17,18]. Intriguingly, the device
improved the number of apnea events, rather than the number of
hypopnea events, in subjects with varying degrees of severity of OSA
(Figure 2). The precise mechanism by which the device was especially
effective in treating apnea events remains undetermined. The s-NAS
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may ameliorate episodes of apnea by shifting a total obstruction to a
partial obstruction, whereas hypopnea events could be curable,
resulting in a decrease in the total AHI. Further randomized clinical
trials with a larger number of subjects are required to precisely validate
the feasibility of the s-NAS in patients with OSA.

A further structural modifications, such as the production of an
expandable NAS with an attachment for expandable parts on its distal
end [19], could improve the device’s efficacy in treating both apnea
and hypopnea events, as well as snoring. The NAS should be beneficial
as a tool for OSA therapy in combination with CPAP, oral appliances,
surgical approaches, or weight loss programs.
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