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Abstract: Obstructive sleep apnea (OSA) is a pervasive problem that affects
the adult population and it can lead to serious health complications.
Continuous positive airway pressure (CPAP) is the gold standard for treating
OSA, however, noncompliance and nonadherence to CPAP therapy continues
to be a challenge. Oral mandibular devices (OMD) and hypoglossal nerve
stimulation (HNS) are alternative therapies used in patients who cannot
tolerate CPAP therapy. A comprehensive literature search was performed
using reliable search engines using the PICO question and the results were
analyzed. The benefits and deficiencies of the OMD and HNS were examined
and identified. HNS seems to be a promising therapy for patients with
moderate to severe sleep apnea who failed CPAP. However, HNS is an
expensive invasive procedure with identified short-term benefits. However,
long-term benefits and disadvantages are yet to be known.

Background and Clinical Significance

In the United States, obstructive sleep apnea (OSA) is estimated to affect approximately
2%-9% of the adult population (Suni, 2021). OSA occurs when the throat muscles
intermittently relax and block the airway during sleep, lowering oxygen levels in the blood
and building up carbon dioxide (Mayo Clinic Staff, n.d.). A sudden drop in blood oxygen
levels can lead to cardiovascular complications such as hypertension and increase the
strain on the cardiovascular system (Mayo Clinic Staff, n.d.). Although continuous positive
airway pressure (CPAP) is the standard prescribed treatment, only a fraction of patients
adhere to the long-term treatment (Costantino et al., 2020). An oral appliance and
hypoglossal nerve stimulator are some of the other devices used in OSA patients who have
difficulty accepting and adhering to their treatments; however, their efficacy is not yet
clearly understood.

Problem Statement

Different treatment modalities like surgical and mechanical devices are used in the
treatment of OSA; however, nonadherence to the treatment therapy places the OSA
patients at an increased cardiovascular risk. The utilization of oral appliance devices and
HNS are alternatives considered in the treatment of OSA, and this paper explores the
efficiency of these devices.
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Research Question

Does treatment of obstructive sleep apnea (OSA) with oral appliance devices or
hypoglossal nerve stimulators in comparison to no intervention reduce adverse long-
term cardiovascular outcomes?

Population: OSA patients

Intervention: Oral device and hypoglossal nerve stimulation

Comparison: OSA patients with no treatment or problem adhering to treatment
Outcome: Reduce cardiovascular outcomes

PICOis a format that aids in developing a clinical research question to facilitate the research.

Theoretical Model/Conceptual Framework

The Stetler model is one of the evidence-based practice models used to integrate the current
research evidence into nursing clinical practice. The Stetler model utilizes the following five
phases: (a) preparation, (b) validation, (c) comparative evaluation, (d) application, and (e)
evaluation, which were applied to research findings to facilitate the evidence-based practice
determination (McEwen & Willis, 2018). By using this model, it can provide a pathway to
show how the research was executed and how it can be disseminated to the healthcare
community.

For the preparation phase, a literature search was completed using Google Scholar, PubMed

and CINAHL. The search was narrowed to the utilization of oral devices and hypoglossal
nerve stimulation for the treatment of OSA and the cardiovascular outcomes post-treatment.
The validation phase of the research includes choosing credible literature, reassessing fit for
narrowed topic search, clinical significance, and level of evidence using the evidence-based
medicine pyramid. The pyramid rates research studies from I-V based on the quality and
validity of the evidence, with Level I being the strongest. The Cochrane level of evidence
provides a Level 1 or high quality, reliable, and relevant strength of recommendation for
healthcare interventions (Cochrane Collaboration, 2021). The Cochrane level of evidence is
recognized internationally and used in aiding the best practice guidelines for primary care
and patient decision making initiatives. Other articles were systematic reviews and meta-
analyses with Level 1 evidence based on the evidence-based medicine pyramid; however,
some cardiovascular effects articles were rated at a lower level because of limited research.
In the comparative phase, literature analyses were performed and summarized into a
literature review table (See Appendix). The strengths and the summary of findings were
analyzed and taken into account, and an analysis of literature was done to find the
conclusion.

The next phase was the application phase, in which the research results were actively
disseminated into different methods of discourse like public seminars and posters, and then
the practice change strategies would be applied. Last, an evaluation of the change and a cost-
benefit analysis would be done to assess the credibility and outcome of the change.
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Search Strategy and Method

A comprehensive literature search was performed using Google Scholar, TWU library
databases like CINAHL, PubMed using the keywords “obstructive sleep apnea and
hypoglossal nerve stimulation,” “hypoglossal nerve stimulation (HNS) and cardiovascular
outcomes,” and “oral devices for obstructive sleep apnea, and cardiovascular outcomes”;
relevant articles were narrowed to interest. Google Scholar produced the most results with
7,620 results for OSA and HNS, which was narrowed by custom range period, hierarchy of
evidence, and relevance to the PICO question. The inclusion criteria also included peer-
reviewed and full-text articles. Similarly, OSA and oral devices were searched with custom
range period and hierarchy of evidence. Finally, four peer reviewed full text articles were
selected for HNS and HNS and cardiovascular outcomes; similarly, two articles were
identified for the oral devices.

The first-line therapy for moderate to severe OSA is the use of CPAP, which acts as an upper
airway stent to maintain an open airway during sleep; however, its use is limited by poor
patient acceptance and challenges with long-term adherence (Woodson et al., 2014). Aslan
et al. (2018) established that CPAP improves left ventricular ejection fraction and has
beneficial effects on cardiovascular mortality rates. It is therefore imperative to find an
alternative therapy for patients who fail the usage of CPAP therapy.

An oral device or mandibular advancement device (MAD) is an exclusive custom-fitted oral
appliance used for patients who prefer an alternative treatment. Another therapeutic
approach used is the hypoglossal nerve stimulation (HNS), which is a device that generates
an electrical impulse through a generator that is then transmitted through a tunneled lead.
The device is implanted in the upper right chest and ends with a cuff that delivers the
stimulation to the hypoglossal nerve (Mashaqi et al., 2021). The hypoglossal nerve is
involved in controlling the motor movement of the tongue, speech and swallowing
(Cleveland Clinic, 2021). Once the device is implanted, the patient is given a remote to
activate the therapy according to their need (Mashaqi et al., 2021).

Summary of article review

Costantino et al. (2020) evaluated long-term clinical outcomes and found that the HNS has
shown to be a safe surgical procedure with a low rate of serious adverse events such as life-
threatening illness or permanent impairment. This was a systematic review and meta-
analysis of the three different types of HNS: (a) Inspire, (b) ImThera, and (c) Apnex. The
results were acquired from the stimulation therapy for apnea reduction trial (STAR), which
demonstrated that after 60 months, the adherence rate was 75% with an optimal objective
and subjective benefit without long-term complications (Costantino et al., 2020). The study
revealed that HNS is an excellent long-term treatment for moderate-severe OSA; however,
cardiovascular outcomes were not studied.
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Kompelli etal. (2019) assessed the effectiveness and safety of HNS for CPAP refractory OSA
and established that HNS is a safe and effective treatment with high compliance, and it
significantly improves the subjective and objective outcomes of sleep. The authors found
minor complications and device malfunctions, although they were uncommon and benign.

The effects of HNS on heart rate variability as a measure of autonomic function was studied
by Dedhia et al. (2019) in a single group cohort study. Dedhia et al. found that 12 months
post-implantation of the HNS, a decrease was evident in heart rate variability (HRV) during
sleep and less than 50% reduction in the apnea-hypopnea index (AHI) from baseline. These
measures were similar to the compliant CPAP users.

Holfinger et al. (2021) reviewed multiple treatment modalities such as positive airway
pressure (PAP), oral devices, neuromodulation like HNS, phrenic nerve stimulation (PNS),
cardiac resynchronization therapy (CRT), and low flow oxygen therapy as well as using
medications like acetazolamide and theophylline for sleep-disordered breathing in heart
failure patients. Holfinger et al. found that all were effective in reducing AHI in central sleep
apnea.

Sato and Nakajima (2020) studied the use of oral devices for OSA and found that long-term
use of oral devices causes posterior open bite, and the nonadherence rate was high. They did
not find any evidence of cardiovascular disease improvement. DeVries et al. (2018) did a
similar study and found that while oral appliances were beneficial, no cardiovascular effects
were apparent; however, the study was inconclusive.

Analysis of Literature

Even though oral devices are used for OSA, there is insufficient information regarding the
efficacy of this device. The oral devices are easily obtainable and are not invasive. Sato and
Nakajima (2020) found that the non-adherence rate was high among the users, and DeVries
et al. (2018) did not find any cardiovascular benefits. Oral devices also have dental and
skeletal side effects with long-term use. Consequently, the oral-device might not be a good
choice for long-term therapy in OSA patients.

HNS appears to be an excellent long-term treatment for moderate-severe OSA. HNS is found
to be safe and effective with minimal surgical complications. The subjective and objective
outcomes of sleep study variables improved for HNS users. The reviews regarding
cardiovascular outcomes for HNS remain to be studied, but more recent reviews show that
the AHI and HRV index had an acute reduction from baseline in patients using HNS. The most
indispensable fact about HNS is the high compliance rate seen among the users.

Nonetheless, more prospective studies comparing the various stimulation devices and

cardiovascular outcomes with homogenous selection criteria using a longitudinal study will
demonstrate that this therapy is reputable one. Also, most of the longitudinal studies are
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fewer than 10 years; therefore, device malfunction, replacement complications, or long-term
nerve or tissue damage was not discussed in the studies.

Conclusion

Obstructive sleep apnea is a prevalent condition that affects all age groups, especially older
adults with comorbid cardiovascular diseases. CPAP is the standard treatment for OSA;
however, patient tolerance and rates of adherence to the therapy remain low. This paper
reviewed studies that investigated the effectiveness of oral mandibular devices and
hypoglossal nerve stimulation therapy. The studies found that OMD and HNS help alleviate
the symptoms of OSA in comparison to no intervention. The oral appliance might be
beneficial, but long-term use of oral devices can cause posterior open bite, and there was
no evidence of cardiovascular disease improvement. HNS was found to be safe and effective
for moderate to severe OSA for patients who cannot tolerate CPAP and have not evidenced
along-term adherence rate. HNS is an invasive surgical procedure; however, complications
from the procedure were benign and unremarkable. HNS was found to improve short term
cardiovascular variables, albeit more research is needed. Although promising, prospective
research studies need to be done to determine long-term cardiovascular outcomes and
replacement complications.
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p <0.05

Note. Three HGNS devices were tested in clinical trials. The Apnex Medical Inc. (St. Paul, MN, USA) device was promising in a phase Il trial, but failed at phase Il because it did
not meet efficacy standards and the company no longer exists. The second device is the ImThera Aura 6000 (San Diego, CA, USA). It places six electrodes around the trunk of

the hypoglossal nerve. It is still in phase III clinical trial. The third device, which is the only one approved by the FDA, is Inspire Medical Systems (Maple Grove, MN, USA)
(Mashagqi etal., 2021).

Citation Study Study Sample/ Independent and Data Collection and Analysis | Findings Recommendation Evidence
of Question Desig Setting Dependent Variables s/ Implications Level
Evidence or n and Tools Used
Hypothesi
s
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changesin URT
caused by OAM
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CPAP is superior to OAin
improving OSA symptoms

One of the long-term side
effects is posterior open
bite

Nonadherence of
OAm devices
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therapy of
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CPAP
therapy.
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supports
the theory
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life
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Chi-square and i2 tests
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heterogeneity.

OAT and
CPAP equally
effective in
reducing BP,
but only 2
RCTs were
used in study.

No major CV
outcomes in
severe OSA
due to
inconclusive
dataand
small
studies.

Effect of
medication
for BP might
have
influenced
results.

OAT and
compliance.
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