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Preface

Obstructive sleep apnea (OSA) is the most prevalent sleep-related breathing disor-
der. This disease is not only very prevalent, but when not adequately treated, it is
also usually progressive and serious. There are many forms of treatment available,
both conservative and surgical, varying from continuous positive airway pressure
CPAP); oral device therapy; positional therapy in case of positional OSA; and all
kind of forms of upper airway surgery by otolaryngologists to maxillofacial surgery
by maxillofacial surgeons; weight loss programs, including bariatric surgery, in case
of OSA due to morbid obesity; and upper airway stimulation, also known as neuro-
modulation. There is no doubt that the latter is the most spectacular innovation in
decades in the management of moderate to severe OSA in patients with CPAP fail-
ure or nonacceptance. Oversimplified: in case the muscles that open the airway
during sleep are stimulated, the airway remains patent. The developments in the
rapidly expanding field of neuromodulation for OSA in the last decade are nothing
less than exciting, spectacular, and impressive.

In this book, we have tried to bring together the latest knowledge and develop-
ments of upper airway stimulation, starting with the history of neuromodulation for
OSA; the different companies active in this area; diagnostic work-up and patient
selection; the different surgical techniques that are out there, including the latest
surgical modifications; detailed overviews or short-term and long-term objective
and subjective results; complications; trouble shooting; neuromodulation for central
sleep apnea; and closed-loop neuromodulation for insomnia. A unique, extensive,
and high-quality video library including all different techniques is provided in
addition.

We are fully confident that this book will serve as a guide for all doctors who are
already active or are starting to work in this new area. It will also be helpful for doc-
tors who provide other treatments of OSA and want to learn more about this new
treatment modality.
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We are extremely grateful to all our friends in the fascinating world of upper
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Introduction

Obstructive sleep apnea (OSA) is the most common sleep disorder. It is also the
most common sleep-related breathing disorder and is associated with multisystem
morbidities. Inadequately managed, it leads to increased healthcare utilization with
multiple healthcare visits, poor interpersonal relationships, increased absenteeism
from work as well as poor workplace efficacy. These translate into huge healthcare
and socioeconomic burden.

Over the years since the disease and with its accompanying morbidities were
described, there is increasing OSA awareness, diagnostic testing and therapeutic
interventions globally. The rate at which OSA was diagnosed increased 12-fold
from approximately 108,000 in 1990 to more than 1.3 million in 1998 [1]. In
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subsequent years, the number of patients receiving care for OSA continued to
increase, rising from 2.0 million in 2000 to 2.7 million in 2010 [2].

To meet this rising demand, the field of sleep medicine has grown dramatically.
The number of accredited sleep physicians and fellowship-trained sleep surgeons
have increased globally, so have the number of accredited sleep centres.

It is even more important that with this huge global burden, physicians and sur-
geons regardless of specialties need to come together to shoulder this burden
together.

Global Burden

A recent literature review by Benjafield and colleagues [3] revealed that 936 million
adults aged 30—69 years have OSA (apnea-hypopnea index, AHI >5 events/h), out
of which 425 million (45.4%) have moderate to severe OSA (AHI >15 events/h)
globally. The number of affected individuals was highest in China, followed by
United States, Brazil, and India; other countries in the top ten were Pakistan, Russia,
Nigeria, Germany, France and Japan.

The rising global prevalence of OSA may be attributed to the global obesity epi-
demic, sedentary lifestyles and aging population, as OSA is known to be associated
with metabolic syndrome [4], high body mass index (BMI) [5] and increasing age
[5]. The higher prevalence in Asian countries such as China may be due to genetic
and racial differences in anatomical and skeletal features that increase the likelihood
of OSA [6].

In view of the high global burden of OSA, there is a need for healthcare setting
appropriate awareness programs, training, diagnostic and management strategies to
minimise the negative health and socioeconomic impacts of OSA (Fig. 1.1). Itis a

Fig. 1.1 Continuum of strategies to improve awareness and care for OSA
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continuum of strategies depending on how advanced the economy and healthcare
system is. Within each country and society, this continuum is still applicable as we
expect the level of awareness and practice to differ.

In countries where OSA is less recognised, it is important to educate patients and
healthcare providers about this condition and its morbidities, concurrent with efforts
to avail training opportunities to physicians and surgeons to recognise, diagnose and
treat. In countries where technologies or local expertise for diagnosing OSA are not
readily available, wearable and cloud-based technologies that allow centralised
interpretation of sleep tests can be considered to optimise diagnosis [7, 8]. In coun-
tries with a more developed healthcare system, setting up integrated multidisci-
plinary sleep apnea units starting from family care to tertiary hospital system and
back to community will increase the number of patients that will benefit.

Health Implications

The numerous associations and morbidity of OSA include metabolic disturbances,
cardiovascular morbidities, neurocognitive deficits, psychosocial consequences,
cancer and various other conditions (Table 1.1).

Obesity

Patients with OSA have increased parapharyngeal fat pad volumes [9] and fat depo-
sition in the tongue [10], predisposing them to a narrowed upper airway. The preva-
lence of OSA in morbid obese patients is as high as 80% [11-13]. Obesity and OSA
have a bidirectional causal-effect relationship. Obesity is an established risk factor
for OSA [12, 13] yet OSA itself can lead to increased risks of weight gain and obe-
sity. The pathophysiologic relationships between obesity, leptin, lung function, oxy-
gen desaturations, appetite and OSA are well described [14]. Peppard et al. [15]
demonstrated that weight reduction of 10% can lead to 26% reduction of AHI; and
even greater weight loss of 20% can lead to AHI reduction of 48%. Conversely, a
10% weight gain leads to six times increased odds of developing moderate to severe
OSA. However, it has been shown that the effect of BMI on OSA attenuates after
age 60 years [11, 13].

Type 2 Diabetes Mellitus

The Sleep Heart Health Study [16] and Sleep AHEAD study [17] demonstrated that
the prevalence of OSA in type 2 diabetic patients ranged from 58% to 86% [18].
Patients with moderate to severe OSA are at greater risk of diabetes, with a relative



Table 1.1 Comorbidities
associated with OSA
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Metabolic

Obesity

Insulin resistance

Type 2 diabetes mellitus

Cardiovascular

Hypertension

Ischaemic heart disease

Arrhythmia

Atherosclerosis

Pulmonary hypertension

Neurological

Stroke

Dementia

Epilepsy

Depression

Poor memory

Impaired vigilance

Ophthalmology

Normal tension glaucoma

Floppy eyelid syndrome

Non-arteritic ischaemic optic neuropathy

Urologic conditions

Enuresis, nocturia

Erectile dysfunction

Malignancy

Increased cancer incidence and mortality

Psychosocial

Road traffic accidents

Healthcare utilization

Absenteeism from work & impaired work productivity

risk of 1.63 compared to patients without OSA [21]. This high prevalence of OSA
in diabetic patients has led to the International Diabetes Federation to call for dia-
betic patients to be screened for OSA and vice versa. Recurrent intermittent hypoxia
and sleep fragmentation in OSA cause increased oxidative stress and sympathetic
drive, leading to chronic low-grade systemic inflammation resulting in derangement
of glucose metabolism, impairment of pancreatic beta cells, adipose tissue function,
and glucose homeostasis through impaired insulin sensitivity [19, 20].

Cardiovascular

The Wisconsin Sleep Cohort Study demonstrated that OSA is an independent risk
factor of hypertension and patients with moderate OSA were 2.89 times more likely

to develop hypertension [22].
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The Sleep Heart Health Study showed that patients with OSA have an odds ratio
of 2.38 for heart failure, 1.58 for stroke, and 1.27 for coronary heart disease [23].
Study on long-term cardiovascular outcomes also showed higher odds ratio (2.87)
of fatal myocardial infarction and stroke in men with untreated OSA [24].

We found that patients with OSA are more likely to have cardiac arrhythmias,
especially those who are older and have a higher BMI [25].

Neurologic Disorders

Common neurocognitive disorders experienced by OSA patients include attention
deficit, poor vigilance, impaired memory, reduced visuospatial and constructional
abilities, as well as poor executive functions (including volition, planning, purpose-
ful actions) [26-28]. Neurologic disorders linked to OSA include stroke, epilepsy,
neurodegenerative disease, Alzheimer, Parkinson disease and multisystem atro-
phy [29].

Ophthalmic Conditions

The most common ophthalmic sequela of OSA is normal tension glaucoma with a
prevalence of 3-27% [30]. Patients with OSA have a hazard ratio of 1.88 in devel-
oping glaucoma compared with normal controls [31]. Other ophthalmic conditions
associated with OSA include floppy eyelid syndrome, non-arteritic anterior optic
neuropathy, papilledema, retinal vein occlusion, age-related macular degeneration
and central serous retinopathy [32-34]. It is postulated that intermittent hypoxia
causes damage to the optic nerve head and retinal ganglion cells, as well as vascu-
lar dysregulation leading to poor ocular perfusion and raised intraocular pres-
sure [30].

Implications on Quality of Life

The adverse effects of OSA extend beyond the patient’s personal health and has
larger social consequences which merit attention.

Patients with OSA often experience poor interpersonal relationships [35] as their
excessive daytime sleepiness may manifest as irritability or mood swings [36].
Family and friends may have misconceptions and attribute their behavior to dull-
ness, sluggishness or psychological problems [37]. Coworkers and supervisors may
mistakenly view them as being lazy or apathetic [38]. This usually leaves most
patients feeling lonely and unsupported [37]. In addition, being sleepy while on
duty may lead to occupational accidents and injuries [39].
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We found that patients with OSA have a poorer quality of life compared to con-
trols. For every 1% reduction in lowest oxygen saturation measured during poly-
somnography, there was a decrease in physical function score by 0.59 points and an
increase in Epworth Sleepiness Scale by 0.13 points [40].

Additionally, bed partners of OSA patients feel that their sleep quality and qual-
ity of life are negatively affected [41—43]. These can be improved after OSA patients
receive treatment.

In school-going patients, OSA is associated with poorer academic performance
[43—47] due to cognitive deficits such as reductions in attention span, memory,
executive function and psychomotor function. These patients also have increased
behavioral problems such as somatic complains and aggressive behaviors [48].

Economic Burden

Two recent white papers commissioned by the American Academy of Sleep
Medicine conducted an in-depth analysis of the hidden costs of undiagnosed and
untreated OSA among American adults [49]. The estimated cost of diagnosing and
treating OSA in the United States in 2015 was approximately $12.4 billion. Fifty
percent of these costs attributed to continuous positive airway pressure (CPAP) ther-
apy and oral appliance therapy, 43% attributed to surgical treatments, and approxi-
mately 7% of these costs attributed to physician office visits and diagnostic testing.

The estimated economic burden of undiagnosed OSA among American adults
was $149.6 billion in 2015. With $86.9 billion due to lost productivity and absentee-
ism; $30 billion due to the increased risk of costly comorbidities such as hyperten-
sion, heart disease, diabetes, and depression, and their associated hospital visits;
$26.2 billion due to motor vehicle accidents; and $6.5 billion due to workplace
accidents [49]. In addition, a meta-analysis conducted by Garbarino and colleagues
[51] demonstrated that workplace accidents were almost twice as frequent in OSA
patients (odds ratio = 2.18; 95% confidence interval 1.53-3.10) compared to con-
trols, especially those involved in occupational driving.

To diagnose and treat every American adult who has OSA, an additional $49.5
billion is required. However, this expenditure would produce a projected savings of
$100.1 billion [49]. This is reflected in a study by Ronald et al [50], whereby physi-
cian claims and overnight hospital stays were used twice as frequently by OSA
patients in the 10 years preceding their OSA diagnosis.

Clinical Case Series and Cost-Effective Strategies: Diagnosis,
Treatment and Reduction in Burden

There are cost-effective strategies to diagnose and treat this disease (Table 1.2).
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Table 1.2 Clinical case series and cost-effective strategies in managing OSA [52-60]

Diagnosis Outcomes

Ambulatory studies Reduction in cost and time to treatment and diagnosis

Treatment

Lifestyle modifications Improved AHI, QOL

(e.g., weight loss)

Myofunctional therapy Improved AHI, ESS and QOL

Positional therapy Improved AHI, ESS and QOL

Oral device (e.g., mandibular | Improved AHI, ESS and QOL, better than no treatment,

advancement device) cost-effective

Positive airway pressure & | Improved AHI, usage, adherence and compliance, with improved

telemedicine QALY, cost-effective

Upper airway surgery Improved AHI, snoring, ESS, QOL and QALY, cost-effective

Skeletal surgery Improved AHI, snoring, ESS, QOL and QALY, cost-effective

Upper airway stimulation Improved AHI, snoring, ESS, QOL, cost-effective (based on
results of STAR trial)

Studies have shown that suitable patients who underwent ambulatory sleep study
had a shorter time to diagnosis (21 days versus 79.8 days) and treatment (46.3 days
versus 118.4 days) compared to those who underwent in-laboratory polysomnogra-
phy [52]. Cost-saving of USD$1179.50 per patient was achieved with ambulatory
studies in these suitable patients.

In terms of available treatment options, myofunctional therapy is a cost-effective
option for patients with mild to moderate OSA [53]. Sadatsafavi and colleagues
demonstrated that CPAP is more cost-effective than oral appliances, however, oral
appliances is still more cost-effective than no treatment for patients who are unable
to tolerate CPAP [54]. For middle-aged men with severe OSA who are intolerant of
CPAP, palatopharyngeal reconstructive surgery appears to be cost-effective [55].
Skeletal surgery [56] and hypoglossal nerve stimulation [57] has also been shown in
clinical cases series and cost-effective analysis models to be beneficial.

In recent years, there is emerging evidence advocating the use of telemedicine in
monitoring CPAP compliance to improve the cost-effectiveness of OSA treatment
[58-60]. Information on CPAP compliance, air leaks and residual respiratory events
can easily be monitored using cloud-based technologies. There was no difference in
CPAP compliance between patients who received teleconsulting and those who
opted for in-office consults. However, significant reduction in healthcare cost was
reported in the teleconsult group.

Traditional model of care involves referral of a patient with suspected OSA from
primary care physician to individual specialists, which often leads to multiple
appointments, repetition of evaluations and tests, prolonged wait time to treatment,
and lack of coordinated care. This fragmented care is often not cost-effective and
unsatisfactory for patient care.

A concerted integrated and holistic approach will help improve outcomes, and
this should include: public healthcare policies to increase awareness, screening for
“asymptomatic” patients, screening patients with OSA for intervenable subclinical
cardiovascular issues, empowering primary physician to diagnose and start
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treatment, reducing cost and time to diagnosis and treatment, and constantly inno-
vating and discovering new treatment strategies.

Conclusion

It is evident that OSA is a global health epidemic which may lead to rising health-
care burden and socioeconomic costs if not managed. Holistic management goes
beyond multidisciplinary management of this disease. Proactive and holistic
approach is pivotal in preventing and treating this disease, containing this growing
disease burden that leads to disability and death. Integrated approach using patient-
centered care line, screening and prevention of complications, as well as patient
education and engagement are essential in ensuring successful intervention and
optimized patient outcomes. It is our burden to shoulder.
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Background

Obstructive sleep apnea (OSA) is a disorder characterized by repeated episodes of
upper airway collapse, leading to nocturnal hypoxemia and associated arousals [1,
2]. The prevalence of moderate to severe sleep apnea, defined as AHI >15 and >30
respectively, continues to rise in the United States with an estimated 10-17% of
men and 3-9% of women having the disorder [3]. This translates to approximately
13 million adults over age 30 in the United States alone [4]. The prevalence of this
disorder is significantly higher in certain populations with nearly 50% of the elderly,
55% of those with coronary artery disease, and 37% of those with type I or II diabe-
tes meeting criteria for diagnosis [5-7].

Untreated or under-treated OSA poses a serious public health risk with numerous
co-morbidities and health consequences. Most notably, OSA patients are at increased
risk for cardiovascular disease and hypertension secondary to chronic nocturnal
spikes in heart rate and blood pressure due to arousal and catecholamine release [1].
OSA has also been associated with increased sympathetic burden, metabolic disor-
ders, cerebrovascular disease, insulin resistance, cancer, perioperative complica-
tions, and early all-cause mortality [1, 8, 9]. In addition to these, untreated OSA has
been associated with reduction of cognition, daytime somnolence, a high preva-
lence of depression, and increased motor vehicle collision rates [1, 2, 5, 10].

Continuous Positive Airway Pressure (CPAP)

First described in 1981, CPAP continues to be the gold standard for treatment of
moderate to severe sleep apnea and is the most efficacious at improving all param-
eters of sleep apnea severity, including AHI, ODI and O2 nadir, when used as
prescribed [11, 12]. Nasal CPAP functions as a pneumatic splint in the upper air-
way, offsetting the negative pressure created during inspiration and preventing
airway collapse [13]. CPAP effectively improves awake performance, quality of
life measures, snoring, driving performance, and neurocognitive function [13, 14].
It also reverses many of the health sequelae of OSA by significantly reducing
blood pressure, resolving pathological cardiac dysrhythmias, reducing sympa-
thetic activity, improving insulin sensitivity, and improving long-term morbidity
and mortality [13].

Despite the proven efficacy of CPAP in treatment of OSA, compliance is
remarkably low with up to 50% of patients failing to meet the recommended 4+
hours of usage per night and many not even filling the prescription [15-17]. Few
OSA patients wear CPAP for the 6 hours or more a night required to minimize the
AHI, therefore CPAP functions to reduce but not eliminate elevated AHI in most
users. There are many factors playing a role in patient non-adherence, including
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Fig. 2.1 A patient
requiring a soft neck collar
to prevent jaw opening and
leak of CPAP

lack of education, high pressures, nasal obstruction, facial discomfort, social con-
cerns, and claustrophobia [10, 16]. Some patients cannot maintain an effective seal
with CPAP without accessory devices (Fig. 2.1). Of those that do comply with
CPAP, nearly a third report nasal discomfort and dry mouth [18]. Intolerance for or
inadequate therapy with CPAP lead many patients to seek alternative therapies
for OSA.

Surgery as Adjunct to CPAP

While CPAP remains gold standard therapy, occasionally the source of non-
compliance or intolerance for a patient may be amenable to surgical correction.
Often these surgical treatments allow for better airflow, reduce mouth opening, or
reduced pressures, improving efficacy and lessening the discomfort of CPAP ther-
apy, and encouraging compliance in previously intolerant patients [19].
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Tonsillectomy

In patients with grade III or IV tonsils and low BMI, simple tonsillectomy has
strong curative potential [20, 21]. In those who still require CPAP post-operatively,
the majority require lower pressures than prescribed pre-operatively [20]. Tonsillar
hypertrophy creates preferential mouth breathing during sleep, increasing mouth
leak with CPAP, and contributes to CPAP intolerance [20]. Up to half of the patients
intolerant of CPAP pre-tonsillectomy are able to utilize the therapy post-operatively,
likely secondary to the reduced pressures and removal of an “obstructive feeling” in
the pharynx [20]. Due to these findings, primary tonsillectomy is a rational approach
to OSA patients with 3 or 4+ tonsils (Fig. 2.2). Repeat home sleep apnea testing can
be performed after a period of healing in order to determine if additional PAP ther-
apy is still required. Aside from pain perioperatively, the most common complica-
tion associated with tonsillectomy is post-operative bleeding which occurs in
approximately 1-2% of cases, however the procedure is generally considered low
risk [19, 20].

Fig. 2.2 Three-plus
tonsillar hypertrophy
which can be removed as
first-line therapy for OSA
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Nasal Surgeries

Obstructive nasal symptoms, secondary to inferior turbinate hypertrophy, internal
nasal valve collapse, or deviated septum, are commonly reported by CPAP users
and likely contribute to non-compliance [16, 22]. Nasal obstruction worsens during
sleep due to supine position, which causes dependent nasal vasocongestion, and is
exacerbated by CPAP usage [16, 22]. Nasal surgery is not recommended alone in
the treatment of OSA due to insufficient reduction in AHI, but can be used in select
patients to improve CPAP adherence by removing nasal obstruction and reducing
pressure settings while improving sleep quality, and reducing nocturnal arousals
and daytime sleepiness [10, 21, 23]. Even in cases where CPAP is not significantly
reduced, the relief of symptoms associated with nasal obstruction is enough to allow
patients to use therapy comfortably [10]. A thorough examination of the nasal pas-
sages is required for any patient prior to CPAP therapy. If there is a history of nasal
congestion, or anatomic evidence of fixed (e.g., deviated septum) or dynamic (e.g.,
nasal valve collapse; inferior turbinate hypertrophy) blockage, the patient will ben-
efit from application of a nightly nasal steroid spray and/or nasal breathing strips
prior to sleep. Dynamic nasal valve collapse due to weakening of the upper lateral
cartilages can be an overlooked source of nasal blockage if a modified Cottle

Fig. 2.3 Narrow internal
nasal valves that
demonstrated collapse on
modified Cottle maneuver
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maneuver is not performed (Fig. 2.3). If these conservative measures fail to improve
nasal breathing, surgical correction prior to CPAP initiation is advised since patients
are more likely to be adherent to CPAP therapy long-term if obstacles to CPAP are
managed prior to therapy initiation. However, positive outcomes following nasal
procedures for patients already using CPAP are highly consistent, and therefore cor-
rective nasal surgery should be offered to any patient with obstructive nasal anat-
omy who is struggling with CPAP adherence [10].

Mandibular Advancement Devices (MADs)

Mandibular advancement devices (MADs) are an appropriate alternative therapy for
select patients unable to tolerate CPAP [16]. They function to reposition the tongue
and/or lower jaw, increasing the retroglossal airway space [1]. The ideal candidate
for MAD therapy is one with lower BMI and mild to moderate OSA (AHI < 30)
predominantly associated with supine position [16]. In general, 50% of maximal
anterior jaw distraction is needed to manage mild to moderate OSA, whereas 75%
of maximal distraction may be required to treat more severe OSA. MADs are not as
efficacious at treating OSA as CPAP, but are more comfortable for patients and
allow greater adherence to therapy [1, 16]. Greater comfort, adherence, device lon-
gevity, and fewer side-effects are present with custom-fited MADs compared to
off-the-shelf boil and bite appliances. Contraindications to MAD therapy include
missing teeth, poor dentition, and TMJ dysfunction [16]. The most commonly
reported side effects include TMJ discomfort, tooth pain, sialorrhea, or xerostomia
[16]. Another important note is that many insurance companies do not cover the cost
of MADs and the expense of the device, especially custom-fitted MADS fabricated
by a dental sleep specialist, may be prohibitive for some patients [1].

Surgery as Alternative to CPAP

If CPAP or other first-line therapies are intolerable or fail to treat OSA, upper air-
way surgery can be an option for select candidates. OSA is a disease that can be
caused by airway collapse at multiple locations in the upper airway, with a majority
of patients having obstructions at more than one level [24]. Surgical treatment can
be primary therapy in patients who have severe anatomic obstruction (tonsillar, tur-
binate, or uvular hypertrophy) that is best corrected surgically [16]. Surgical treat-
ment of airway collapse for OSA is not a “one-size-fits-all” method and thus requires
individualized assessment and surgical planning for each patient.

In examining the patient who has failed first-line therapies, it is important to note
external anatomy and body habitus that may be effecting collapse in a patient [16].
Parameters such as severity of OSA, BMI, neck size, craniofacial structure, nasal
patency, tongue position, palatal anatomy, and tonsil size are important in
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determining which surgical options would be most effective for the patient [16, 20,
25]. Polysomnograms are employed in the diagnosis of OSA and in determining the
severity of disease pre- and post-operatively [16]. These can be performed in a sleep
center or at home.

Next, it is essential to identify the extent of collapse at the different levels of the
airway. There is no current gold-standard for determining level of obstruction. The
“Nose-VOTE” scoring system is commonly used and identifies collapse or obstruc-
tion at the level of the nose, velopharynx, oropharynx, tongue, and epiglottis [26].
This system allows prioritization of specific levels of the airway amenable to surgi-
cal correction and can be employed in both awake endoscopy and drug-induced
sleep endoscopy (DISE) [25]. Awake endoscopy has historically been the tool uti-
lized to determine levels of airway collapse. In most patients with OSA, the upper
airway behaves differently in awake and sleep states [25]. DISE under light propo-
fol sedation provides another layer of information by allowing better visualization
of the airway collapse patterns during sleep [16, 25]. DISE provides the sleep sur-
geon with additional information such as site, severity, and pattern of collapse which
can be combined with the findings of sleep apnea testing to formulate a rational
treatment strategy. After thorough evaluation of the patient, there are three major
categories of airway collapse underlying the disease state: (1) “too little space” or a
craniofacial problem, (2) “too much tissue” or a hypertrophy/obesity problem, and
(3) “tissue too lax” or increased tissue collapsibility.

“Too Little Space”

Oropharyngeal crowding and collapse can be due to compression of the collapsible
soft tissues of the upper airway into a reduced craniofacial or jaw structure. These
patients are often younger in age, and non-obese. Physical examination may reveal
retrognathia; high-arch maxilla; narrow mandibular arch; open or cross-bite; and
Class II or III malocclusion. The tongue may appear to fill the oropharynx (Modified
Mallampati IIT or IV), however the tongue is of normal size within a small jaw
structure (relative macroglossia). There are several alternative therapies to CPAP for
patients with the above findings.

Maxillo-Mandibular Advancement

Maxillo-mandibular advancement (MMA) is a skeletal surgery designed to enlarge
the airway at the velopharynx and oropharynx [27]. MMA functions by advancing
the anterior pharyngeal tissues attached to the hyoid, mandible, and maxilla [1]. It
is the ideal surgical treatment for patients with significant retrognathia, and/or mal-
occlusion [16]. In these patients, MMA is nearly curative and has been shown to
reduce AHI by 87% while improving facial profile and jaw occlusion [16, 27].
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Despite its efficacy, MMA is rarely performed due to the length of procedure, the
level of technical skill required, and the innate risks of dental malocclusion and
nerve injury [16, 27]. The operation requires a substantially longer recovery time
than other surgical treatments of OSA, sometimes requires a peri-operative trache-
otomy, and is often not well covered by insurance [1, 16].

Maxillary Expansion

Maxillary expansion is utilized to treat patients with OSA and associated transverse
maxillary deficiencies. Transverse maxillary deficiencies, secondary to asymmetric
development of the mandible and maxilla, manifest as dental malocclusion, narrow
and high palatal vault, and elevated nasal floor [28, 29]. These abnormalities increase
nasal airflow resistance and are associated with increased risk of nasal obstruction,
especially in patients with septal deviation or hypertrophic inferior turbinates [29].
Maxillary expansion alleviates nasal obstruction by increasing the size of the nasal
cavity and may reduce pharyngeal obstruction by increasing space in the oral cavity
allowing better positioning of the tongue [29]. Recent meta-analysis found that
maxillary expansion reduces AHI by more than half and significantly reduces sleep-
iness [29].

“Too Much Tissue”

A common cause of moderate to severe OSA is too much tissue in the oropharyn-
geal airway due to adenotonsillar hypertrophy or obesity with increased tongue and
pharyngeal fat deposits. In general, these patients have onset of OSA in adolescence
and early adulthood which is accompanied by increasing weight gain leading to
obesity (BMI >kg/m?). On examination, these patients may have hypertrophy of the
adenoid, palatine or lingual tonsil, and tongue enlargement (Modified Mallampati
IIT or IV) within a normal jaw structure (acquired macroglossia). Often, impressions
of the teeth can be observed scalloping the edges of the enlarged tongue. On DISE,
these patients have a base of tongue that fills the oropharyngeal airway with folding
of the tongue as evidence by a midline raphe.

Simple Tonsillectomy

Hypertrophic tonsils can play a major role in the development of OSA, as men-
tioned previously, and simple removal of the tissue can be curative in a select group
of patients [20]. Patients with hypertrophic tonsils should be evaluated for collapse
at other levels, potentially necessitating multi-level treatment. The ideal candidate
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for simple tonsillectomy is one with large, grade III or IV, hypertrophic tonsils and
low BMI (<25) [20]. In this patient population, tonsillectomy alone is an effective
treatment for OSA and has been shown to significantly improve AHI, nocturnal
oxygen saturations, and sleepiness [20].

Lingual Tonsillectomy

The base of tongue is a common location of airway obstruction, seen in up to 70% of
patients with OSA [30]. Lingual tonsillar hypertrophy (LTH) is one source of this
obstruction and may be easily missed on physical examination unless accompanied
by fiberoptic laryngoscopy [31]. In addition to airway obstruction, it can cause dys-
phagia, otalgia, cough, and globus sensation [31]. Underlying causes of LTH are
unknown, but it has been associated with obesity, GERD, smoking, and previous
palatine tonsillectomy [32]. There are numerous reported approaches to lingual ton-
sillectomy such as with diode laser, coblation, microdebridement, harmonic scalpel,
and more recently using trans-oral robotic surgery (TORS) [31-33]. Historically this
procedure was rarely performed due to difficulties in surgical access, risk of massive
intra-operative bleeding, and risk of post-operative airway compromise secondary to
laryngeal edema [31, 33]. Surgical approach with TORS allows better visualization
of the anatomy and increases the surgeon’s ability to move freely, which may allow
better control of intra-operative complications and reduce procedure-related morbid-
ity [31, 32]. Regardless of technique used, lingual tonsillectomy can be curative in
patients with sole obstruction at this level if the tonsils are entirely removed [31, 33].

Uvulopalatopharyngoplasty (UPPP)

UPPP, first described by Fujita in 1981, is one of the earliest surgical treatments
described for OSA [34]. The procedure involves excision of redundant soft tissue at
the level of the tonsils, posterior soft palate, and uvula with closure of the tonsillar

Fig. 2.4 Uvulopalatopha-
ryngoplasty (UPPP)
demonstrating currently
favored technique of
maintaining uvular mass in
the midline of the soft
palate




22 K. Coca and M. B. Gillespie

pillars to widen the oropharyngeal airway [16, 27] (Fig. 2.4). It is one of the most
commonly performed sleep surgeries, alone or combined with a multi-level
approach, in the treatment of OSA and has been shown to improve mortality [35].
Post-operative polysomnography results are variable with reported AHI reductions
from 33-52% with generally improved success rates when combined in a multi-
level approach [16, 21]. Regardless, UPPP has been shown to significantly improve
daytime sleepiness, driving performance, depression, sexual function, ventricular
function, and serum lipids [5, 36]. There is extensive reporting of temporary and
permanent complications associated with UPPP including difficulty swallowing,
voice changes, oral pain, taste disturbance, globus sensation, and velopharyngeal
insufficiency [34]. The most common complaint is foreign body sensation which
may be reduced with newer uvular sparing techniques [34]. Because of these adverse
effects, numerous modifications to surgical technique have been made over the
years to try to reduce morbidity [16].

Partial Glossectomy

Retroglossal collapse is present in up to 75% of patients with OSA and is most
prominent in those with severe disease (AHI >30) and obesity [16, 24]. The physical
exam of a patient with macroglossia can show lateral indentations from dentition

Fig. 2.5 Acquired macroglossia from Beckwith-Wiedemann Syndrome casing OSA before (a)
and after partial glossectomy (b)
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Fig. 2.6 Middle third of
base of tongue removed
with transoral robotic
surgery (TORS)

and often have Friedman tongue position of III or IV [16]. The acquired macroglos-
sia is particularly pronounced in patients with certain metabolic disorders such as
Beckwith-Wiedemann syndrome; acromegaly; or amyloidosis (Fig. 2.5). In patients
with moderate OSA (AHI 15-30), the SMILE (submucosal minimally-invasive lin-
gual excision) technique can be used. This procedure involves the use of a coblator
and is generally less morbid than formal midline glossectomy [16]. In patients with
severe OSA (AHI >30), a formal posterior midline glossectomy is more appropriate
[16]. This procedure was historically very difficult due to challenges with surgical
line-of-sight, but advances in TORS have allowed the tongue base to be much more
accessible [16] (Fig. 2.6). Glossectomy, alone or in multi-level approach, is associ-
ated with significant improvement in AHI, nocturnal oxygen levels, daytime sleepi-
ness, and snoring [24, 30]. The most common complication reported with
glossectomy is loss of or change in taste, which resolves in most patients over sev-
eral weeks [24].

“Tissue Too Lax”

In certain cases, OSA may result from increased levels of passive airway collaps-
ibility and reduced neuromuscular tone during sleep. In general, OSA of this variety
begins in middle-age and after, and is associated with lower BMI and normal tongue
size (Modified Mallampati I or II). In these patients, most obstructive events will be
recorded during supine sleep or REM sleep due to tongue prolapse into the orophar-
ynx [16]. It is difficult to identify this type of collapse on awake endoscopy due to
its dynamic nature, making DISE a much more sensitive diagnostic tool for this
group of patients [16].
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Tongue Suspension

Functional collapse of the base of tongue during sleep is attributable to reduced
neuromuscular tone [16]. Tongue base suture suspension utilizes a suture loop
secured to a titanium screw on the lingual aspect of the mandible, effectively
advancing the tongue and reducing collapse [16]. This procedure is ideal for non-
obese patients without macroglossia and lower levels of OSA (AHI <30) and can be
an effective adjunct when combined with another procedure such as UPPP [16, 21].
It has been shown to significantly reduce AHI, sleepiness, and snoring and improve
nocturnal oxygenation [16, 21, 37]. There is some evidence that this type of proce-
dure does not provide long-term results due to tongue mobility and eventual stretch-
ing of the suture material [16, 37].

Hyoid Myotomy and Suspension

Most hypopharyngeal obstructions occur at the base of the tongue, but up to 20% of
patients will have significant retro-epiglottic collapse [16]. Hyoid myotomy and
suspension effectively advances the supraglottic structures away from the posterior
pharyngeal wall, increasing the size of the airway and preventing collapse [16]
(Fig. 2.4). Advancement of the hyoid bone in the anterior-superior direction pro-
vides tension on the hyoepiglottic ligament in the central hypopharynx and on the
stylohoid muscles of the lateral hypopharynx. It is most effective in patients who
have significant epiglottic retroflexion on awake or sleep endoscopy [16]. Hyoid
suspension is commonly performed with another procedure and significantly
improves AHI and success rates compared to the other procedure alone [16, 21, 27].
Even when performed alone, hyoid suspension significantly improves severity of
OSA [38]. Complications are very rare, but tend to involve lingual edema or neck
seromas [16, 38].

Radiofrequency Ablation (RFA)

RFA is a form of electrical energy that can penetrate deep into tissues with a high
level of precision and control [39]. The applied energy causes coagulation necrosis
and inflammation in the tissue leading to fibrotic stiffening of the area and tissue
reduction [16, 39]. The stiffening effect counteracts the natural collapsibility of the
mucosalized, tubular airway. One advantage of RFA is that it can be used at several
different levels of the upper airway including the nasal turbinates, soft palate, and
base of tongue [39] (Fig. 2.7). Treatment of the palate has a 60% success rate and of
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Fig. 2.7 Midline tongue
remodeled and stiffened
with depression after
radiofrequency ablation
(RFA)

the tongue with up to 83% success [21]. Patients often require multiple treatments
to achieve effective results [39]. RFA can be used alone, but is frequently combined
with other procedures for greater effect [16, 21, 39]. RFA is associated with mini-
mal risk and is a low cost option for patients [16]. The effect of the procedure is
expected to lessen over time due to tissue remodeling of the scar tissue, however the
procedure can be repeated if needed due to its low morbidity and pain.

Hypoglossal Nerve Stimulation

Nerve stimulation therapy involves the implantation of a device that induces protru-
sion of the genioglossus muscle during sleep in accordance with breathing patterns
[1, 21]. In a highly select patient population, the therapy significantly reduces AHI,
oxygen desaturation index, and systolic blood pressure [2]. This procedure is dis-
cussed in detail elsewhere within this text.
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Tracheostomy

Surgical tracheostomy was the earliest treatment of OSA and is highly effective
reducing AHI, sleepiness, and mortality [1]. Tracheostomy has high morbidity and
is associated with significant changes in lifestyle [21, 40]. Despite its efficacy in
treating OSA, due to the significant impact on quality of life, it is reserved as a last
line of therapy only for those who have failed all other treatments, have emergent
loss of airway, or have severe cardiopulmonary disease such as chronic congestive
heart disease [1, 16, 40].

Summary

Obstructive sleep apnea is a multifactorial disorder that requires an individualized
treatment plan. CPAP is first line therapy in most cases of moderate-to-severe OSA
and currently represents the gold standard of treatment, but is often not tolerated by
patients and has a high rate of non-adherence. In these patients, evaluation by a
sleep surgeon is an appropriate next step to find effective treatment options as
untreated OSA has significant health consequences. Full workup should include
history, physical exam, polysomnography, awake endoscopy, and occasionally
drug-induced sleep endoscopy (DISE) to effectively identify underlying causes and
levels of obstruction or collapse. Therapy should be directed towards the specific
levels of obstruction in the patient and may include one or multiple operations.
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Introduction

The link between obstructive sleep apnea (OSA) and cardiovascular disease has
been well-established. Approximately 50% of patients with OSA have hyperten-
sion, and an estimated 30% of hypertensive patients also have OSA [1]. Other
important clinical outcomes associated with cardiovascular disease include diabe-
tes, stroke, myocardial infarction, heart arrhythmia, and death [2].
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Mechanisms of OSA on Cardiovascular Disease

The mechanism of OSA detriments on the cardiovascular system is driven by oxida-
tive stress caused by repetitive airway obstruction and intermittent hypoxia [1].
Hypoxia and arousals during sleep increase sympathetic activity and decrease para-
sympathetic activity causing increases in blood pressure and heart rate. Sympathetic
hyperactivity promotes inflammatory immune responses and influences the devel-
opment of resistant hypertension [3, 4]. Patients with OSA have surges in sympa-
thetic activity during sleep and persistent elevated sympathetic tone during
wakefulness [5].

Sympathetic activity can be recorded through microneurography (MSNA), an
intraneural measurement of nerve activity, usually performed by inserting a fine
recording electrode in the peroneal nerve. Wallin et al. first described sympathetic
activity through MSNA, measured as bursts per minute, and correlated these mea-
surements with plasma noradrenaline levels [6]. These findings have implications
for measuring autonomic activation related to apneic events. In normal subjects,
sympathetic nerve activity, blood pressure, and heart rate are lower in deep NREM
sleep than while awake [7]. Zoccal et al. demonstrated that hypoxia and hypercap-
nia increase the sympathetic-respiratory connection, causing abdominal muscle
activation and active expiration [8]. During peaks of abdominal activity, bursts in
sympathetic activity have been observed [9].

Several biomarkers have been associated with cardiovascular risk in OSA popu-
lations. Two widely studied inflammatory markers in OSA are interleukin-6 (IL-6)
and tumor necrosis factor-alpha (TNF-alpha). IL-6 stimulates production of
C-reactive protein (CRP) through hypoxic burden and sleep deprivation, which in
turn produces cytokines that recruit inflammatory cells [10]. CRP levels are elevated
in patients with OSA compared to controls and have been associated with OSA
disease severity [11-13]. Treatment of OSA via nasal CPAP reduces CRP levels
[14]. Tumor necrosis factor-alpha is a pro-inflammatory cytokine that is responsible
for cardiac contractility and sleep regulation [15]. Chronic intermittent hypoxia
causes increased cellular and extracellular levels of TNF-alpha. Ciftci et al. observed
higher serum TNF-alpha and IL-6 levels in obese patients with OSA after control-
ling for BMI and age [16]. Vgontzas observed higher TNF-alpha and IL-6 levels in
patients with OSA compared to normal controls [17]. While these inflammatory
markers provide some degree of cardiovascular risk measurement, their lack of both
specificity and mapping to hard clinical outcomes relegates them as suboptimal
biomarkers of cardiovascular risk in OSA.

OSA Severity and Cardiovascular Outcomes

Numerous studies have demonstrated the impact of OSA severity on cardiovascular
outcomes, with cardiovascular risk following greater OSA severity as measured by
the apnea-hypopnea index (AHI) [18-20]. Investigators of the Wisconsin sleep
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cohort study found a dose-response association between sleep-disordered breathing
(SDB) and hypertension, independent of confounders [18]. Marin et al. studied inci-
dent hypertension in patients with OSA, and found increased hazard ratios in patients
who were ineligible for CPAP or declined CPAP (1.33 and 1.96 respectively) com-
pared to controls and patients treated with CPAP (1.0 and 0.71 respectively) [19]. In
another major epidemiological cohort, Redline et al. found a significant positive
association between obstructive AHI and ischemic stroke in men. An adjusted haz-
ard ratio of 1.86 was observed for men with an obstructive AHI between 4 and 19,
which increased to 2.86 in men with AHI greater than 19 events/hour. In women, an
increased risk was observed at an AHI greater than 25 [20].

OSA is associated with an increased risk of incident heart failure in middle-aged
and older men [21]. Gottlieb et al. conducted the Sleep Heart Health Study, a longi-
tudinal study of 4898 patients who were initially free of coronary heart disease over
a median 8.7 years. OSA was a significant predictor of incident coronary heart dis-
ease in men aged less than or equal to 70 years [adjusted hazard ratio of 1.1 (95%
CI 1.0-1.2)]. Men aged 40-70 years with severe OSA were also 68% more likely to
develop CHD compared to those without OSA. All men with severe OSA were 58%
more likely to develop heart failure than those without OSA. No significant findings
were observed in women, although the study was not powered to detect a significant
difference among women. One potential limitation noted by the study authors is the
healthy-survivor effect: individuals with OSA who are more susceptible to cardio-
vascular sequelae of OSA are less likely to be alive with good cardiovascular health
during study initiation compared to those with OSA who are resistant to its cardio-
vascular consequences.

Treatment of OSA on Cardiovascular Outcomes

Positive airway pressure (PAP) therapy is the gold standard for treatment of obstruc-
tive sleep apnea. CPAP therapy has been associated with acute reductions in sympa-
thetic activity and blood pressure during sleep [5]. Reductions in systolic blood
pressure resulting from CPAP use are maintained in the long term by approximately
2.0-2.5 mm Hg [22, 23]. A long term 2-3 mmHg reduction in systolic blood pressure
has been associated with a decrease in mortality by 4-8% [24]. Therefore, small reduc-
tions in blood pressure resulting from CPAP use likely have clinical significance.

The importance of PAP therapy duration may play an important role in cardio-
vascular outcomes in patients with OSA. A recent meta-analysis of eight random-
ized controlled trials (5817 patients) examined the efficacy of CPAP for prevention
of major cardiovascular events. There was no evidence for improved outcomes
observed in cardiovascular mortality, myocardial infarction, unstable angina, stroke,
atrial fibrillation, or heart failure. However, the authors cite variable CPAP adher-
ence as a major limitation among some studies [25]. Similar findings were observed
in the SAVE trial; there was no significant difference in outcomes with CPAP com-
pared to usual care in moderate to severe OSA [26]. However, the mean PAP usage
was just 3.3 hours per night. Subgroup analysis showed a reduction in stroke risk for
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patients using PAP greater than or equal to 4 hours per night. Two randomized con-
trolled trials showed improved cardiovascular outcomes among patients who were
adherent to CPAP therapy by the same definition [27, 28]. Since an estimated
46-83% of patients in clinical practice adequately use PAP therapy, the need for
PAP alternatives remains clear [29].

Oral appliance therapy (OAT) for treatment of OSA yields similar cardiovascular
outcomes in comparison to PAP therapy, despite having a lesser impact on overall
AHI reduction. Endothelial function, inflammation, and oxidative stress are reduced
by both OAT and CPAP [30-32]. A randomized-controlled trial of OAT showed a 1.8
+ 0.5 mmHg reduction in 24-hour diastolic blood pressure but no significant reduc-
tion in systolic blood pressure. Awake blood pressure variables were also reduced in
patients using OAT compared to controls [33]. Barnes et al. performed a 3 month
crossover trial of 114 patients receiving either CPAP, OAT, or placebo. In patients
receiving OAT, investigators found a 2.2 mmHg reduction in nocturnal diastolic
blood pressure. OAT therapy also increases heart rate variability during controlled
breathing conditions, suggesting an improvements in vagal autonomic activity [34].

Weight loss is an important behavioral modification for treatment of
OSA. Although weight loss leads to a reduction in AHI, it rarely cures OSA [35-
38]. The importance of weight loss in treatment of OSA may rest in mortality reduc-
tion. A meta-analysis of 15 randomized controlled trials suggests a 15% reduction
in all-cause mortality resulting from intentional weight loss [39]. Weight loss also
treats symptoms commonly seen in the presence of OSA including fatigue, insom-
nia, and hypersomnolence.

Impact of OSA Surgery on Cardiovascular Qutcomes

Surgical therapy for OSA including tracheostomy, skeletal surgery, pharyngeal sur-
gery, and hypoglossal nerve stimulation, is a treatment option for patients unable to
tolerate PAP therapy. Halle et al. performed a systematic review of OSA surgery and
found tracheostomy is most consistently associated with improvement in cardiovas-
cular outcomes including lower mortality, vascular accidents, and cardiac arrhyth-
mias [40]. Maxillomandibular advancement has been associated with reductions in
blood pressure [41—43]. Pharyngeal surgery may have a beneficial effect on mortal-
ity but not cardiac arrhythmias, and its effect on blood pressure is unclear [40]. Chen
et al. studied 10,339 patients with newly diagnosed OSA, and found those who
underwent UPPP had a lower risk of developing cerebrovascular disease (relative
risk of 0.45) up to 1 year following surgery compared to those without surgery [44].

Impact of HGNS on Cardiovascular Outcomes

Hypoglossal nerve stimulation was approved in 2014 by the FDA for treatment of
patients with moderate to severe OSA who were unable to use PAP therapy.
Published 5-year data showed a response rate of 63% in 71 patients undergoing
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HGNS, when therapy response was defined as an overall AHI less than 20 events/
hour with a 50% reduction in overall AHI. Improvements in sleepiness and quality
of life were also noted, indicating long term benefits in some patients [45].

There are few studies investigating the effect of HGNS on cardiovascular out-
comes. Woodson et al. studied 46 patients from the Stimulation Treatment for Apnea
Reduction (STAR) trial who were randomized to either HGNS therapy maintenance
or 1 week of therapy withdrawal [46]. Following 12 months of treatment, therapy
maintenance patients had significant improvements in systolic blood pressure
(129.1 = 16.1 mmHg to 122.8 + 12.6 mmHg; p < .05) compared to baseline.
However, there was no significant difference in systolic or diastolic blood pressure
changes between the therapy maintenance and therapy withdrawal groups. Walia
et al. compared clinic-based blood pressure levels between 517 patients initiating
PAP therapy with 320 patients from an international registry of HGNS patients [47].
Patients treated with PAP therapy had a greater improvement in diastolic blood
pressure and mean arterial pressure compared with HGNS patients. Therapy adher-
ence was 6.2 hours/week greater for HGNS patients. One major limitation of this
study was the reliance on the international registry for blood pressure data which is
taken from many centers over time.

The effects of HGNS on the autonomic nervous system have not been widely
studied. Dedhia et al. analyzed heart rate variability in a subset of 46 HGNS patients
from the STAR trial who underwent a 1-week therapy withdrawal following 12
months of HGNS therapy [48]. A spectral analysis of polysomnographic ECG was
performed to measure heart rate variability (HRV), specifically the standard deviation
of the R-R interval (SDNN), which provides information related to autonomic cardio-
vascular function during sleep [49]. The SDNN demonstrated significant improve-
ment from baseline to 12-months of HGNS therapy in both light sleep and REM
sleep, suggesting improvement in autonomic function during sleep with HGNS. Ikeda
et al. analyzed the PAT signal of eight patients before and during HGNS but noted
was no significant change in PAT signal before or during stimulation in any patient,
suggesting the absence of autonomic system alterations by HGNS [50].

To date, there are no published randomized controlled trials of the effect of
HGNS on cardiovascular outcomes. Dedhia et al. are currently conducting a ran-
domized, double-blind, sham-controlled clinical trial examining the effect of HGNS
on sympathetic and vascular function [51]. An interim, unpublished analysis of 16
patients undergoing 24-hour ambulatory blood pressure demonstrated no significant
difference in systolic pressure for patients during active therapy versus sham ther-
apy, 123.8 mm Hg and 124.0 mm Hg respectively. While these differences were not
statistically significant due to lack of power, the observed point estimates were con-
sistent with a potential treatment effect.

Challenges to Future Studies

One challenge investigators face in designing cardiovascular research studies is in
blood pressure measurements. Many factors have been shown to influence blood
pressure including room temperature, noise, caffeine use, body position, cuff size
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and placement [52]. Although in-office blood pressure measurements can be per-
formed under controlled conditions, patients are still subject to the “white coat
effect” and the number of readings are limited. To address this, many research stud-
ies have opted for 24-hour ambulatory blood pressure monitoring which provide
measurements every 30—60 minutes. However, some of the abovementioned factors
can still be present in the home environment.

Several unique challenges are specific to randomized controlled trials of hypo-
glossal nerve stimulation, chiefly sham therapy settings and blinding adequacy. In
CARDIOSA-12, an ongoing double-blinded, randomized controlled trial, partici-
pants are randomized to either a therapeutic stimulation level or a “sham,” subthera-
peutic stimulation level [51]. The “sham” level is determined as the minimum
stimulation required to either (1) invoke transoral tongue motion or (2) elicit stimu-
lation sensation. One limitation of this sham-controlled approach is an unintended
therapeutic effect to “sham” HGNS levels. This unintended response can be assessed
by performing a full night efficacy study at the “sham” HGNS level at study initia-
tion. In this way, cardiovascular outcomes can be analyzed while controlling for
potential treatment effects in the sham HGNS settings.

Blinding adequacy represents a concern when designing a blinded, sham-
controlled HGNS study. In CARDIOSA-12, investigators decided upon a sham-
controlled study arm as opposed to complete therapy withdrawal in an attempt to
blind participants. Interim analysis of 17 patients revealed suboptimal blinding effi-
cacy with 82% of patients able to correctly determine their therapy assignment.
Washout periods between therapy assignments may also necessary to return patients
to baseline. However, study length is a major concern as newly treated patients were
reluctant to discontinue HGNS therapy for up to 6 weeks to take part in
CARDIOSA-12 due to improved symptoms resulting from HGNS.

Data reporting, particularly of treatment AHI, determines HGNS therapy response
and may influence interpretation of HGNS on cardiovascular outcomes. A recent
analysis of 43 patients by Dedhia and Woodson demonstrated a dramatic difference
in treatment AHI depending on whether titration studies or full-night efficacy stud-
ies are used [53]. For titration studies, the mean treatment AHI was 7.7 events/hour,
compared to 19.2 events/hour from full-night efficacy studies. When defining ther-
apy response by Sher criteria of 50% reduction in AHI and AHI <20 events/hour,
HGNS was 91% successful using treatment AHI while 52% successful using full-
night efficacy AHI. The observed differences may be attributed due to the selection
of therapeutic voltages during periods presence of slow wave sleep and/or the lateral
body position, both of which have been associated with decreased AHI [54, 55].

Summary

Obstructive sleep apnea is associated with cardiovascular sequelae including
hypertension, diabetes, stroke, myocardial infarction, arrhythmias, and death. The
mechanism of these associations is through intermittent hypoxia and arousals
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which increase oxidative stress and sympathetic activity. Continuous positive air-
way pressure is the gold standard for treatment of OSA, yet therapy adherence is
an important determinant for reductions in cardiovascular disease risk. There is
currently insufficient data to determine the impact of hypoglossal nerve stimula-
tion for treatment of OSA on cardiovascular outcomes. The findings of the ongo-
ing CARDIOSA-12 randomized controlled trial will serve to provide an initial
assessment of this topic as HGNS therapy continues to expand its footprint in the
treatment of OSA patients.
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