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Introduction 

Sleep disordered breathing (SDB) is 

a general term that includes a spectrum of 

respiratory disturbances occurring during 

sleep [1]. In almost 85% of the cases [2], it 

is associated with partial or total collapse of 

the pharynx, generating the Obstructive 

Sleep Apnoea (OSA) [3]. OSA is defined as 

a breathing disorder during sleep, character-

ized by narrowing of the upper airway (UA) 

that impairs normal ventilation during sleep 

[4].  

As a worldwide consensus, the se-

verity of OSA is defined using an index that 

includes both apnoea (with cessation of 

breathing determined by a complete obstruc-

tion of UA, lasting more than 10 seconds) 

and hypopnea episodes (transient reduction 

of air flow in the UA caused by partial col-

lapse) called Apnoea Hypopnea Index (AHI). 

An AHI higher than 5 is required for a sig-

nificant SDB [5]. There are defined three 

severity levels: AHI between 5 and 15 rep-

resenting mild, between 15 and 30 repre-

senting moderate and higher than 30 repre-

senting a severe disorder, when it is associ-

ated with significant clinical symptoms and 

consequences [5, 6]. 

 

Risk factors 

Obesity with central body fat distri-

bution and large neck circumference are 

well known risk factors for OSA, to which 

we can add male sex, menopause in women 

[6], age, abnormal craniofacial morphology, 

atypical UA or surrounding soft tissue anat-

omy, nasal congestion, smoking, alcohol 

consumption, muscle-relaxant medication 

and a poor sleep hygiene [1, 3, 7]. The prev-

alence also increases during pregnancy, es-

pecially in the third semester, and for certain 

groups of patients that suffer from congeni-

tal conditions affecting craniofacial devel-

opment [3]. 

Gastro-laryngopharyngeal reflux is 

responsible for a wide array of functional 

disturbances in otolaryngology pathology [8, 

9]. Nocturnal reflux may accentuate sleep 

disturbances and a possible causal link to 

OSA has been proposed in existing studies 

[10].  
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Neuropathy, particularly chronic hy-

poglossal nerve disfunction may contribute 

to the development of OSA [11]. Injury to 

the hypoglossal nerve has been attributed to 

surgical damage during procedures in the 

neck, including the removal of benign mass-

es [12, 13], vascular surgery, spinal surgery 

[13], posttraumatic injury, as well as is-

chemic injury due to neuro-vascular conflict 

or during oro-tracheal intubation [13, 14].  

Postoperative changes in the cranio-

facial tissues may also trigger the develop-

ment of OSA. Autologous fat grafting is a 

procedure that is frequently performed in the 

head and neck region due to the volume 

rendering and regenerative properties of the 

injected fat [15 16]. It is also an effective 

method for the management of velopharyn-

geal incompetence. However, concerns of 

possible onset of OSA following lipofilling 

for velopharyngeal incompetence have been 

raised, particularly due to changes of the 

volume of the injected fat concomitant with 

weight gain [17].  

We can consider the aetiology of 

OSA as multifactorial, involving a complex 

interaction between genetic predisposition, 

anatomic, neuromuscular and lifestyle fac-

tors [6]. 

 

Prevalence 

OSA is considered as a major health 

problem in most developed countries [3]. Its 

prevalence varies in literature from 3-7% to 

24-27% in middle aged men, even higher for 

older men (40-45%), and 2-5% to 9% in 

young women with an important increase 

during menopause until 25 to 30% [3, 18]. 

We can discuss about even a greater preva-

lence in certain population groups, like 

obese patients, with approximately 80% of 

OSA patients having an BMI>30 kg/m2 [1], 

or patients associating certain medical con-

ditions, like Down syndrome, acromegaly or 

hypothyroidism [3]. 

 

Diagnosis 

The most frequent complaint for the 

patient is excessive day sleepiness EDS [3, 

6], but all the symptoms can be divided into 

diurnal or nocturnal. In the first group we 

include EDS, lack of concentration, mood 

changes, memory impairment, morning 

headaches, depression, impotence or de-

creased libido. The symptoms during sleep 

can be noticed by the bed partner (witnessed 

apnoea, awakening with chocking, loud 

snoring) or even by the patient (strange 

dreams, frequent awakenings or nocturia) 

[3,6]. Finally, there is an important impair-

ment on the quality of life (QOL). 

An important step before choosing 

the most effective treatment is understand-

ing correctly the causes and the mechanisms 

of the disease. OSA is a complex and heter-

ogenous disorder [9]. In recent literature, 

there are described 4 phenotypes, each with 

different key points defining the pathogene-

sis.  Main casual factors involve: abnormal 

anatomy (describing a narrow or collapsible 

airway), abnormal control of the muscles 

that maintain the patency of UA – mostly 

pharyngeal dilatator muscle, a low respirato-

ry arousal threshold (where cortical arousals 

are considered the short-term awakenings) 

and instability in respiratory control (high 

loop gain) [19]. For an easier approach, we 

can consider anatomic and non-anatomic 

mechanisms, but in real life, each of these 4 

factors can be involved and have a variable 

contribution in the pathogenic process. By 

correctly defining the phenotype, an indi-

vidualized approach will soon be possible. 

In this direction, the PALM scale was re-

cently proposed (Pcrit – the luminal pres-

sure at which UA collapses – for anatomic 

impairment, Arousal threshold, Loop gain 

and Muscle responsiveness) for a better 

characterisation of the patients [19, 20]. It 

was stated that further consequences are de-

termined by the long-term intermittent hy-

poxia, which can trigger excessive sympa-

thetic activity, over production of superox-

ide ion, systemic inflammatory effects and 

hypoxic-induced neural injuries [21]. 

Some of the most threatening effects 

of OSA are cardiovascular events, including 

hypertension, ischemic heart disease, heart 
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failure, stroke and arrythmias [7], followed 

by neurocognitive and metabolic effects [21]. 

It is also stated that between OSA and dia-

betes can be established a bidirectional rela-

tionship. While intermittent hypoxia epi-

sodes diminish insulin sensitivity and in-

creases systemic inflammation, leading to 

diabetes, the high glycemic levels can fur-

ther determine diabetic neuropathy, desensi-

tize the carotid body and pharyngeal dilata-

tor muscle, promoting/aggravating SDB in 

diabetic patients [22]. Another actuality 

concern is the increased risk of traffic or 

work-related accidents due to excessive 

sleepiness [3, 6]. 

The diagnosis is established by sleep 

studies, with the actual tendency of ambula-

tory diagnostic, without including sleep 

staging [5], although the gold standard diag-

nostic test is considered the polysomnogra-

phy. As already mentioned, the sleep study 

establishes the severity of OSA using the 

AHI. The clinical practice, however, slowly 

evolved to a more complex approach of the 

diagnosis, taking into account not only the 

AHI, but also the prevalence in certain pop-

ulations, the symptoms and clinical conse-

quences, comorbidities and different OSA 

phenotypes [5]. 

 

OSA management 

The management of OSA includes 

three main types of therapeutic choices, de-

pending on the severity, symptoms, comor-

bidities, patient particularities and prefer-

ences: behavioural, medical or surgical 

treatment [1]. 

 

1.1.Behavioural treatment 

Behavioural therapy involves patient 

education considering sleep hygiene, evic-

tion of the modifiable risk factors (like 

smoking or drinking alcohol) and lifestyle 

changes that promote weight loss and fur-

ther can improve OSA severity [23]. It can 

be used for every patient diagnosed with 

OSA, independently from other treatment 

measures, even as a single initial measure 

for patients with mild to moderate OSA [6]. 

A recent meta-analysis from 2019 concluded 

that lifestyle interventions with the highest 

efficacity on OSA where those addressing 

weight loss through diet and exercise-

training for male patients with moderate-

severe OSA [24].  

In the same category we can include 

positional treatment, knowing that most of 

the apnoea occur in the supine position [1]. 

The principle is avoidance of the supine po-

sition to minimize the gravitational effect 

over the abnormal UA. Ideas of techniques 

includes the “Tennis ball technique”, supine 

alarm devices and the use of numerous posi-

tional pillows [25].  

After more than thirty years from its 

first use, continuous positive airway pres-

sure (CPAP) is still considered the gold 

standard treatment [6, 25, 26], reacting as a 

pneumatic splint that maintains an adequate 

flow through UA [19]. Still, there are nu-

merous studies that raise the problem of tol-

erance, with an estimated adherence of 60-

70% [26]. CPAP therapy is recommended 

for patients with AHI greater than 15, inde-

pendently from the presence of comorbidi-

ties, or even for smaller AHI, in cases with 

significant clinical consequences [25]. 

CPAP proved a highly efficiency in control-

ling symptoms, improving nocturnal satura-

tion and neurocognitive functions, amelio-

rating the quality of life, modifying the 

chemoreflex sensitivity [29] and reducing 

the clinical sequelae of sleep apnoea [6]. 

When CPAP therapy is not well tol-

erated, oral devices are considered one of 

the main therapeutic alternatives [27]. The 

two types described are: devices that pro-

trude the tongue (tongue-retaining devices, 

TRD) and devices that advance the lower 

jaw (commonly termed mandibular ad-

vancement splints or devices, MAS or 

MAD). 

The main indication is for patients 

with mild to moderate OSA and for those 

with severe disease who cannot tolerate pos-

itive pressure [1]. 

The mechanism is purely mechanic: 

with the protrusion of the lower jaw there 
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will be an increase in UA size (particularly 

in lateral dimension), which may further re-

duce the pharyngeal collapsibility, diminish-

ing the risk of sleep apnoea and snoring. 

There are recent evidences that 

short-term health outcomes for oral devices 

and CPAP are similar, considering the better 

adherence for oral appliance versus a higher 

efficacy for positive pressure [27]. 

 

1.2.Medical treatment 

For many years, no pharmaceutical 

agent showed high efficacy for OSA, alt-

hough there were many trials for effects like: 

increasing the respiratory drive, changing 

sleep structure, increasing airway muscle 

tone, changing respiratory and cardiovascu-

lar reflexes [1]. As the mechanisms of the 

disorder were better understood, other drugs 

were tested for efficacy in OSA: Melatonin 

treatment was proposed as a help to correct 

or diminish the metabolic damage associated 

with OSA, knowing that serum melatonin 

levels in patients with OSA is extremely low 

and melatonin supplementation can reduce 

inflammation, insulin resistance and micro-

vascular damage from oxidative stress, as 

spotted out by an animal study [22]. 

Other drugs that may prove to be 

useful, are targeted directly to the main 

mechanism, considering the patient’s pheno-

type. Liraglutide could be used as an appe-

tite suppressor for anatomical impairment. 

Hypnotic drugs, although, not advised ini-

tially, could actually prove useful for pa-

tients with low arousal threshold. For the 

high loop gain, when the respiratory re-

sponse is inadequate, there have been pro-

posed the carbonic anhydrase inhibitors (zo-

nisamide or acetzolamide). Oxygenotherapy 

was also used to ameliorate patients with 

ventilatory instability [28]. 

 

1.3.Other non-surgical methods 

Another therapeutic target can be 

correcting the disturbances in lingual and 

pharyngeal neuromuscular control. A recent-

ly developed therapeutically solution is the 

hyoglossus nerve stimulation, which can 

augment pharyngeal dilator muscle tone 

(genioglossus muscle) and diminish the col-

lapsibility of UA. In the future there may be 

developed fully implantable pacemakers for 

this purpose [7].  

Botulinum toxin has proven useful in 

the treatment of many functional disturb-

ances, including neuro-muscular disorders, 

salivary gland disorders [29], and even in 

the treatment of habitual snoring and sleep 

apnoea [30, 31]. In multiple system atrophy, 

botulinum toxin may be injected to amelio-

rate the dystonia of throat muscles and alle-

viate sleep apnoea and stridor [32]. Reported 

transitory complications involve speech and 

swallowing difficulties in the initial phase.    

There are numerous non-invasive 

methods of treatment for obstructive sleep 

apnoea (OSA) ranging from behavioural 

therapy, mandibular advancement devices 

with nasal continuous positive airway pres-

sure (CPAP) being the golden standard for 

the treatment of OSA with irrefutable results 

in improving the sequalae of this pathology.[ 

34, 35, 36], but the level of patient compli-

ance with these methods of treatment repre-

sent a problem. Furthermore, even with pa-

tients who declare that they use CPAP on a 

regular basis, the actual usage is 50% from 

the standard. Moreover, due the anatomic 

particularities of some patients, they cannot 

tolerate the nasal mask used with the CPAP 

apparatus. For this category of patients some 

surgical treatments are available, but the 

successful outcome is correlated with the 

proper selection of patients and surgical 

procedures. It must be stated that surgery for 

OSA does not substitute CPAP but can be a 

salvage method of treatment for those that 

failed CPAP and other non-invasive thera-

pies. [38] 

 

1.4.Surgical management 

 Before the surgical interventions 

clinical evaluation must include the height, 

weight and neck circumference of the pa-

tient, these factors being correlated with the 

surgical outcome. A detailed clinical exam 

alongside fibreoptic nasopharyngoscopy is 
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recommended, these procedures being able 

to evidentiate the presence of nasal septal 

deviation, turbinate hypertrophy, uvula 

elongation, tonsillar hypertrophy, tongue 

enlargement. Lateral cephalometric radiog-

raphy, alongside cephalometric analysis is a 

useful study being able to evaluate the posi-

tion of the maxillary bone and mandible in 

relation with the base of the skull, identify-

ing skeletal malocclusions, pathology usual-

ly associated with OSA, while providing 

useful information about the posterior air-

way space.  

 Most patient with OSA have 2 or 

more obstruction levels, with endoscopy 

performed under drug-induced sleep show-

ing that between 68,2% [39] and 87% [40] 

of patients present multilevel obstruction, 

therefore for a successful outcome a multi-

level approach should be considered, the 

objective for OSA surgery being the crea-

tion of a noncolapsible airway, reducing the 

airway resistance and maintaining an ade-

quate airflow with normal inspiratory effort 

during sleep. [38] 

 Although the correlation between 

nasal obstruction and snoring is known from 

antiquity, nasal and sinusal pathology does 

not represent a determining factor for OSA 

with only a few cases that report healing for 

OSA after rhinosinusal surgery [41], but the 

improvement of nasal airflow after this type 

of surgery reduce the nasal CPAP require-

ments [42]. Nasal surgery can be performed 

either with the help of an endoscope for 

chronic rhinosinusitis, nasal polyps, rhinosi-

nusal tumours excision, as well as surgery 

for the alleviation of obstruction caused by 

extrasinusal pneumatizations [43], or classic 

interventions such as septoplasty for a devi-

ated nasal septum that obstructs the nasal 

airflow. Nasal turbinate hypertrophy can be 

resolved by the means of turbinoplasty ei-

ther with radiofrequency, shaver or with the 

help of LASER. 

 For the oropharynx level there are a 

couple of procedures that can improve the 

level of obstruction. The most common used 

procedure for the past 25 years [44] is the 

uvulopalatopharingoplasty (UPPP) which 

consists in the removal of palatal and phar-

yngeal soft tissue to widen the oropharynge-

al airway. Studies show that this procedure 

has an approximate 40% rate of success [45] 

but may present a series of complications 

such as stenosis and dysphagia. An alterna-

tive to UPPP is the uvulopalatal flap (UPF) 

and is represented by the suspension of a 

limited resected uvula to the junction be-

tween the soft palate and the hard palate. 

Suspension may be performed using usual 

sutures, or barbed sutures, which offer better 

weight distribution and do not require tying 

knots. These types of sutures are used in 

multiple types of pathology in head and 

neck surgery [46], including sleep apnoea 

[47]. For both UFP and UPPP the removal 

of palatine tonsils should be performed.  A 

retrospective study showed that there is no 

significant statically difference between 

UFP and UPPP, but the patient in the UFP 

group accused significant less pain. 

 Although this article does not focus 

on the paediatric population it must be noted 

the adenoid and tonsillar hypertrophy is the 

most common cause for OSA in children, 

therefore removal of the hypertrophied ade-

noids and tonsils should be considered in 

children that present symptoms of OSA 

[48]. 

 Studies [39, 49] have shown that the 

paraglotic region and the base of the tongue 

are common levels of obstruction in the air-

glow in a significant proportion of patients. 

For this, a technique described first by Fujita 

and Woodson [50] consists of the removal 

of the centre part of the tongue by the means 

of linguoplasty or by vaporisations with the 

help of LASER with a success rate of 77%. 

However, his technique requires a protective 

tracheostomy being performed prior to the 

intervention and a lengthy hospitalisation 

due to postoperative oedema as well as ex-

cessive bleeding. Given that, currently, this 

procedure is seldom tackled. In 2006 

O’Malley et al. [51] described the use of 

transoral robotic surgery (TORS) for the 

treatment of superior aerodigestive neo-
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plasms, and then in 2010 Vicini et. al [52], 

used this procedure for volumetric reduction 

of the base of the tongue. The da Vinci ro-

botic system allows the surgeon to precisely 

remove the obstructing tongue tissue, main-

taining its agility while working around the 

corners of the oropharynx. The main issues 

with TORS for volumetric reduction of the 

tongue is the risk of bleeding due to injury 

of the lingual arteries and the need of pro-

tective tracheostomy for the post operatory 

oedema, as well as pain and dehydration due 

to poor oral intake [53]. The main minor 

complication with this procedure is repre-

sented by an altered sense of taste as well as 

tongue numbness, with an incidence of 

14,2% to 100% [54]. 

 Mandibular osteotomy with gen-

ioglossus advancement (GA) is a therapy 

that addresses the upper airway obstruction 

and the base of the tongue. By moving for-

ward the geniotubercle along with the gen-

ioglossus muscle the tongue base is stabi-

lized along with the pharyngeal dilatators 

enlarging the retrolingual airway with a suc-

cess rate of 35%-60% [55]. Hyoid myotomy 

suspension (HMS) improves the airspace 

behind the tongue. This procedure alongside 

GA is part of the multilevel approach usual-

ly combine with either UPPP or UFP.  

 Maxillofacial malocclusion is a 

known risk factor for OSA [56] due to the 

fact that the skeletal abnormality leads to a 

diminished airway dimension. Maxillo-

mandibular advancement (MMA) leads to 

an enlargement of the upper airways by the 

means of expansion of the maxillofacial 

skeletal framework. This procedure is com-

prised of the advancement of the maxillary 

bone and the mandible via intraoral osteot-

omies [57]. Some authors recommend an 

advancement of 10-12mm to ensure a max-

imised airway although maintaining a stable 

dental occlusion and an aesthetic appearance 

should be strongly considered. After the ad-

vancement, the maxillary bone and mandi-

ble are stabilized with the help of titanium 

plates and screws. MMA is an effective 

treatment for OSA with success rates of 75 – 

100% [58,59]. Although this procedure is 

invasive the associated risks are relatively 

low and may include bleeding, infection and 

permanent numbness. 

 By bypassing the upper airways, the 

tracheostomy has a curative visa and was the 

first reported treatment for OSA [60], but 

the patient acceptance was low due to mor-

bidity and social implications. 

 

Conclusions  

OSA is considered a major health 

problem in most developed countries and 

there are a multitude of treatment options 

with CPAP being the golden standard. Alt-

hough surgery for OSA should not replace 

CPAP, it can be a salvage treatment for 

those that do not tolerate or failed non-

invasive treatment and a multilevel approach 

should be considered. 

.  
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