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Introduction

Sleep-related breathing disorders comprise of a wide 
range of conditions, including obstructive sleep apnoea 
(OSA), where recurrent partial or complete cessation of 
breathing occurs. This spectrum of disorders is common 
and negatively impacts patient health alongside conferring 
a significant socio-economic burden (1). In addition, with 
the ensuing obesity epidemic, many of these conditions are 
increasing in prevalence.

OSA affects 2–4% of males and 1–2% of females but is 
thought to be underdiagnosed, with one large population 
study indicating that 93% of females and 82% of males with 
moderate to severe OSA had not been clinically diagnosed, 
despite access to healthcare (2-4). More recent estimates 
indicate that 13% of men and 6% of women have moderate 
to severe OSA (5). There is robust evidence demonstrating 
that moderate to severe OSA correlates independently with 
a large increased risk of all-cause mortality, alongside with 

an increased risk of, amongst others, cardiac arrhythmias, 
myocardial infarction, insulin resistance, pulmonary and 
systemic hypertension, stroke, impaired cognition and road 
traffic accidents (6-11).

In accordance with the UK national guidelines, the 
gold standard treatment for moderate to severe OSA is 
continuous positive airway pressure (CPAP) (12). This is 
most frequently in the form of nasal CPAP although auto-
titrating CPAP, which responds to the individual’s airflow 
patterns, and bilevel positive airway pressure (BiPAP) have 
also been used, although the latter currently has a limited 
evidence base as compared to CPAP. However compliance, 
particularly long-term, can be poor and has been estimated 
to be as low as 40–85% (12-15).

CPAP

CPAP was first developed in the 1980s and its underlying 
principle is that of continuous mild air pressure which 
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serves to stent open the airway, and thereby overcome 
anatomical areas of collapse or obstruction. The key 
elements of the system include a CPAP machine (which 
creates the pressure gradient) and tubing, which attaches to, 
and transmits pressure to, the CPAP mask. The CPAP mask 
usually covers the nose only (nasal CPAP, nCPAP) but can 
be used via a nose and mouth mask (full face mask), or, in 
the form of nasal prongs.

A large body of literature, including higher level 
evidence in the form of meta-analyses and randomized 
controlled trials, describes the benefits of CPAP in 
terms of both symptomatic improvement and long term 
outcomes (15). By preventing airway collapse and vibration, 
CPAP eliminates snoring and improves sleep quality 
for the partner along with nocturnal symptoms such as 
choking, awakenings and nocturia. Furthermore, daytime 
somnolence is improved both subjectively and objectively 
with a resultant improvement in concentration. CPAP has 
also consistently demonstrated improvements in OSA-
specific quality of life studies (15-17). From a long-term 
cardiovascular risk perspective, CPAP has been shown to 
have a positive impact, with, for example, randomized trials 
demonstrating reduction in blood pressure. Interestingly a 
meta-analysis of these studies suggested that a confounding 
factor may be non-adherence to CPAP, particularly if it 
was used for less than 4 hours per night, highlighting the 
importance of compliance (18). The long-term effects 
regarding cerebrovascular accidents, triglyceride levels and 
insulin resistance are less clear (13,15,19).

Despite the highly effective treatment CPAP offers, 
poor adherence limits its efficacy. Compliance has been 
variably classified in the literature and thus adherence rates 
range from 40–85% (1,15). In the US, compliance has 
been arbitrarily defined as usage for more than 4 hours per 
night for more than 70% of nights. Of course, this does 
not correlate to a specific threshold beyond which efficacy 
is absolute—in short, the greater the use of CPAP, the 
better the outcomes in terms of symptomatic quality of life 
markers and longer term blood pressure/cardiovascular 
readings. Hence, there has been great interest in improving 
tolerability of the CPAP system. Commonly cited 
side effects include dermatitis, rhinitis, epistaxis, nasal 
discomfort, congestion, mask leak, aerophagia, barotrauma 
and claustrophobia. There may therefore be specific 
otolaryngological factors contributing to failure of CPAP, 
particularly in relation to the nasal cavity and paranasal 
sinuses. Contributing nasal conditions include anatomical, 
physiological and pathological factors. Anatomical 

considerations incorporate deviated nasal septum (DNS), 
external framework deformities, valve collapse, enlarged 
turbinates and nasopharyngeal pathology occluding the 
posterior choanae (e.g., adenoids). These can be corrected 
with surgical intervention. Pathophysiological conditions 
are common and include allergic or vasomotor rhinitis, 
for which patients require appropriate education and 
counselling, skin prick allergy testing, allergen avoidance 
advice and treatment with antihistamines and intranasal 
steroids (20). CPAP rhinitis is due to inflammatory changes 
in the nasal mucosa as a result of the persistent high air 
pressures—this also requires similar treatment with saline 
douching and intranasal steroids (21). Pathological processes 
such as sinusitis and nasal polyposis are often problematic 
and can be missed during routine respiratory review as they 
are better evaluated with rigid and flexible endoscopes in 
otolaryngology outpatients. This can be treated effectively, 
either medically, or surgically, in the form of endoscopic 
sinus surgery (22,23). Correction of these factors can lead 
to an improvement in CPAP compliance via a reduction 
in pressure requirements but rarely, alone, can it lead to 
resolution of OSA (24).

Application modifications and patient interventions

Over the last 20 years there have been developments in both 
non-surgical and surgical options available for patients who 
fail to tolerate CPAP. Advances in positive airway pressure 
technologies have allowed lower pressures to be delivered 
to the patient’s airway, with the underlying concept being 
that higher pressures lead to more patient discomfort and 
side effects. However, this has not been substantiated in 
observational studies and prospective, randomized trials—
pressure levels do not necessarily correlate with adherence 
(25,26). Nevertheless, BiPAP was initially developed in 
order to vary the pressure delivered during the respiratory 
cycle. Very few comparative studies with CPAP are available 
but in the largest, compliance rates were similar (27). 
More recently, expiratory pressure relief system, which 
is, in effect, a further refinement of BiPAP, with variable 
pressures for each breath depending on the flow rates, has 
been used. Similarly however, randomized controlled trials 
have demonstrated no real benefit (28). Another avenue of 
interest is auto-titrating devices which provide the lowest 
pressure required to stent the airways open. This technique 
has demonstrated better tolerability but this benefit may 
possibly be negated by one study suggesting superior long-
term cardiovascular outcomes with CPAP (15). The most 
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recent Cochrane reviews however found no statistically 
significant difference between the various available 
appliances (28,29). Research continues in predicting CPAP 
pressure requirements and many parameters have been 
suggested including BMI, mean oxygen saturation, mean 
respiratory disturbance index, gender, depression and mask 
leak—with the strongest mathematical weighting for BMI 
and mean oxygen saturation (30-33).

Some clinicians recommend adjuvant hypnotic use as 
a short course to alleviate initial insomnia and anxiety 
with the use of CPAP. As with all chronic diseases, patient 
education is vital and this may aid in adherence. As a 
corollary to this, peer/partner support groups alongside 
motivational interviewing and cognitive behavioural 
therapy may have a role (29). Other patient interventions 
and lifestyle modifications include weight loss (including 
referral for bariatric surgery if indicated), reducing alcohol 
intake and positional therapy. Recent studies have indicated 
that sleep position therapy can be highly efficacious (1). 
However, this must be countered by the fact that non-
CPAP therapies, such as positional therapies and oral 
appliances, have no significant long-term data, including for 
cardiovascular outcomes. Medications to treat contributing 
conditions such as rhinitis or hypothyroidism can also be 
of use. Simpler modifications to the CPAP system such as 
implementation of a chin strap may also be beneficial (34). 
In addition, patients with nasal congestion may benefit from 
the use of the full face mask system. Humidification of the 
CPAP system may also be beneficial although research has 
been conflicting in this regard, with more recent reports 
suggesting no positive impact on compliance but an 
improvement in the overall side effect profile, particularly 
nasal symptoms (35,36).

Oral appliances can be an excellent adjunct in carefully 
selected patients, as outlined by Giles et al. in their Cochrane 
review (37). Mandibular advancement splints (MAS) or 
devices function by protruding the hyoid bone anteriorly 
along with the mandible, contracting genioglossus and 
thus increasing retroglossal distance. Similar to CPAP 
however, the main drawback is patient compliance due 
to discomfort and the need to use it every night. MAS is 
contraindicated in those with uncontrolled epilepsy, poor 
dentition and edentulous patients (1). Randomized trials 
have demonstrated the efficacy of MAS therapy alone or in 
combination with CPAP (1,15,38). This may be particularly 
useful in a retrognathic patient with a bulky tongue for 
example, where the MAS will bring the jaw forward, 
improve the retroglossal dimension and therefore reduce 

CPAP pressure. Further work has demonstrated not only 
their clinical efficacy but also their cost effectiveness in the 
long-term, with a suggestion that a MAS is an appropriate 
first choice in most patients in the short-term (39). 
Again, however, long-term analysis of cardiovascular risk 
stratification is deficient, particularly in comparison with 
CPAP-related studies.

Otorhinolaryngological consultation

At this juncture, should the patient still not tolerate CPAP, 
then a surgical consultation is indicated. A thorough clinical 
history and examination is warranted to elicit potential 
therapeutic targets. A full assessment of co-morbidities 
and specifically body mass index is required, as the latter 
has been shown to correlate with surgical outcomes. In 
fact, surgery is often not recommended unless the BMI is 
less than 35 kg/m2 (40,41). It is important to specifically 
query patients regarding any rhinological symptoms. Nasal 
problems such as allergic rhinitis, CPAP rhinitis, polyposis, 
DNS, alar collapse can all contribute to not only intolerance 
to CPAP but also, in some cases, part of the multilevel 
obstruction synonymous with OSA and other sleep-related 
breathing disorders (Figures 1-6) (1). Patients with nasal 
congestion are mouth breathers and as a result, during 
sleep, the temporomandibular joint retracts, thereby further 
reducing the retroglossal airway. An open mouth during 
sleep may also exacerbate palatal vibrations and may impact 
retro-palatal dimensions. These clinical factors highlight 
the need to address nasal patency and obstruction. A recent 
computational fluid dynamics analysis has highlighted 
this effect of nasal obstruction on CPAP treatment, with 
a particular correlation between inspiratory pressures and 
maximal airflow velocity (42).

Clinical examination allows assessment of the nasal 
and oral cavities alongside the anatomical segments of the 
pharynx. A general inspection can elicit dental pathology, 
retrognathia, craniofacial abnormalities, neck circumference 
and body habitus. The former may be particularly relevant 
for the putative use of MAS. Nasal examination can identify 
the rhinological factors outlined above. Examination of 
the oral cavity and oropharynx highlights the grade of the 
palatine tonsils (tonsillar hypertrophy of grade 2 or above 
may be significant as substantial lateral oropharyngeal wall 
collapse increases CPAP pressure requirement), dimensions 
of the soft palate and uvula and evidence of redundant 
pharyngeal tissue. In addition, Friedman and Mallampati 
tongue positions can be noted. These findings can help 
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Figure 1 Computed tomography images of two obstructive sleep apnoea (OSA) patients requiring continuous positive airway pressure (CPAP) 
with nasal pathology. (A,B) Coronal and axial slices of the first patient demonstrating a left sided polyp occluding part of the post nasal space, 
maxillary sinus disease and a slightly deviated septum to the left; (C,D) coronal and axial images of a second patient demonstrating extensive 
sinonasal polyposis, which ultimately failed medical management and required endoscopic sinus surgery.

A B

C D

Figure 2 Rigid endoscope image of right sided nasal cavity with a 
deviated nasal septum (DNS) with a large spur opposing the right 
middle turbinate (MT) and part of the inferior turbinate (IT).

Figure 3 Rigid endoscope image of nasal polyposis (NP); note the 
differing texture, colour and position of the polyp in comparison to 
the normal nasal mucosa; polyps are also insensate.
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Figure 4 Rigid endoscope image of adenoidal hypertrophy in 
adult, occluding post nasal space.

Figure 5 Clinical photograph demonstrating right nasal valve 
collapse on gentle inspiration; nasal valve can be primary or 
secondary to other pathology (e.g., deviated septum).

Figure 6 Clinical image of an overcrowded oropharynx secondary 
to tonsillar hypertrophy, lax palate and redundant pharyngeal 
mucosa.

decipher which patients may benefit from palatal surgery as 
compared to tongue base surgery, with, for example, patients 
with Friedman tongue position 3 or 4 more likely to require 
tongue base procedures as compared to those with Friedman 
tongue position 1, who are more likely to benefit from 
palatal surgery (1,43). Flexible nasopharyngolaryngoscopy 
in the outpatient setting allows clearer visualization of the 
pharynx, larynx and tongue base and, although subjective, 
can allow a dynamic assessment of the airway to assess for 
levels of collapse, particularly with adjunct manoeuvres such 
as simulated snoring or Muller’s manoeuvre, although their 
value has been questioned (1,41).

Further investigations are myriad but there is increasing 
evidence for the use of drug-induced sleep endoscopy 
(DISE). DISE is useful in demonstrating dynamic upper 
airway obstruction which can help in understanding the 
mechanisms as to why CPAP may fail, such as epiglottic trap 
door phenomenon. Certainly, in comparison to the awake 
state and outpatient flexible endoscopy, during sleep, muscle 
tone and control of upper airway patency is different and 
so DISE is ideal in visualizing the three-dimensional upper 
airway dynamics during an induced sleep state. Controversy 
persists due to a drug-induced non-physiological state being 
assessed during this procedure, alongside the inherent 
subjectivity and lack of standardisation in definitions. 
However, this is countered by accumulating data of its 
value (with good inter-rater reliability and correlation 
with surgical outcomes) along with the supposition that 
these drugs affect all anatomic segments equally, allowing 
an assessment of obstruction at each anatomical level. 
Furthermore, a recent European consensus group meeting 
has sought to standardize data capture for these procedures. 
In addition, the advent of neurophysiological (bispectral 
index) monitoring may be helpful in the development 
of clearer anaesthetic and sedation protocols during the 
procedure (1,44-50).

Surgical options

The primary aims of surgery are to either bypass upper 
airway obstruction or to increase the upper airway 
dimensions. By addressing anatomical obstructions or areas 
of collapse in these OSA patients, CPAP requirements may 
be reduced and therefore improve patient compliance, 
although the observational studies outlined above do not 
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necessarily support this theory. The key however remains 
appropriate patient selection and DISE is invaluable in 
this regard. Patients with a high BMI tend to do less well 
and may be better served, in the first instance, by weight 
loss measures, either with lifestyle, medical or surgical 
interventions. Patient counselling should highlight that 
multilevel obstruction is the norm and that CPAP remains 
the gold standard treatment. OSA, after all, is a complex, 
multifactorial phenomenon of heterogeneous aetiology (51).  
One of the confounding factors remains the variable 
definitions of successful outcomes or end points for either 
non-surgical or surgical therapies. Ravesloot and de Vries 
highlight this dilemma and suggest that mean apnoea-
hypopnoea indices (AHI) be used in lieu of compliance rates 
for CPAP, which may be masking insufficient reductions 
in AHI in comparison to surgical interventions (52). 
Moreover, the lack of a robust evidence base associated with 
snoring/OSA surgery is well documented but is also the 
case for surgery in general. There is very little randomized 
controlled level 1 evidence and we therefore rely principally 
on level 3 and 4 studies. 

Nasal surgery alone will rarely remove the requirement 
for CPAP but may facilitate its use, particularly nCPAP. 
There is in fact limited evidence that nasal obstruction 
contributes to the pathogenesis of OSA. Surgical options 
include septoplasty, turbinate reduction, septorhinoplasty 
and nasal valve surgery alongside with endoscopic sinus 
surgery (Figures 1-6). In a recent meta-analysis, the value 
of nasal surgery has been confirmed in reducing CPAP 
pressure requirements and patient discomfort, although the 
value of turbinate surgery is less clear (53,54). The main 
limitations with these surgical studies remain their power, 
level of evidence (typically retrospective level IV) and 
varying definitions of successful outcomes.

Oropharyngeal surgery may be beneficial in diligently 
selected patients (55). There has been a trend away from 
radical palatal surgeries such as uvulopalatopharyngoplasty 
and in fact there is some suggestion that this may increase 
mask leaks when CPAP is recommenced, one of the 
identified factors in poor compliance. However, Friedman 
et al. demonstrated reduced mouth leak in judiciously 
selected patients and upper airway surgeries (56). Currently, 
radiofrequency applications to the soft palate have shown 
promising long-term efficacy and has been approved 
by NICE in the UK (57). Repeat procedures may be 
required but complication rates are low (58). Additional 
tonsillectomy may also be beneficial either at a primary or 
secondary stage, depending on clinical findings and DISE 

evaluation. As a corollary to this, it is important to consider 
repeat DISE following multiple surgeries as the dynamics 
of the upper airway will have been affected. Another option, 
in lieu of radiofrequency treatments, remains laser-assisted 
palatoplasty, which has been shown to reduce pressure 
requirements and in some cases, remove the need for CPAP 
entirely (23). Elshaug et al., in their comprehensive review, 
report a pooled success rate for soft palate procedures 
of 55% using traditional surgical definitions (of a 50% 
reduction in AHI and/or ≤20) as compared to 31.5% or 
13% if success is defined as AHI ≤10 or AHI ≤5 respectively. 
Similarly, pooled data for maxillary and/or mandibular 
advancement surgery success rates decrease from 86%, 45% 
and 43% respectively, depending on the definitions used 
(59,60). This not only demonstrates the potential benefits of 
surgical intervention for OSA but also highlights the work 
to be done in redefining outcomes and setting standards 
for this subset of patients. After surgical intervention it is 
prudent to repeat the sleep study as part of this ongoing 
assessment.

More recently, there has been interest and promising 
results in tissue repositioning procedures such as relocation 
and lateral pharyngoplasty (61,62). Caples et al. recent 
review surmises that further research is required but that 
newer pharyngeal techniques and multilevel procedures 
appear promising (55). In addition, these palatopharyngeal 
reconstructive surgeries for patients intolerant of CPAP 
have demonstrated cost-effectiveness (63). The key finding 
is that of minimally invasive multilevel surgery as compared 
to the radical palatal surgeries originally described.

Base of tongue collapse is recognized as a significant 
site of obstruction in patients with OSA and is often 
underappreciated. There may also be an associated epiglottic 
contribution (64). Both of these will significantly increase 
CPAP pressure requirement and hence cause difficulty 
in tolerating this form of therapy. However, this can be 
challenging to address, given the location. Various surgical 
options have been described. Minimally invasive options such 
as radiofrequency can be efficacious whilst more aggressive 
procedures such as midline glossectomy and hyoid suspension 
have had varying success rates (1,23). Most recently, transoral 
robotic surgery has had very encouraging initial results (64).  
Arora et al., in their prospective study with long-term 
follow-up, treated 14 patients with moderate to severe 
OSA with transoral robotic surgery to the tongue base, 
and additional wedge epiglottoplasty in ten of the patients; 
there were statistically significant improvements in mean 
AHI (overall 51% reduction, with normal postoperative 
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sleep study results in 36% of patients), mean Epworth 
Sleepiness Score, mean oxygen saturations and in quality 
of life markers (64). It is worth noting that in this study 
the robust selection criteria included an AHI of at least 15,  
failure to tolerate CPAP and MAS and importantly, in the 
context of this article, a BMI of less than 35 kg/m2 and 
DISE evaluation demonstrating tongue base collapse with 
or without epiglottic collapse, highlighting the importance 
of these latter two factors in successful outcomes (64). 
Another recent area of interest has been hypoglossal nerve 
stimulation synchronized with inspiration via the surgical 
introduction of an electrical implant, with the underlying 
theory that reduced upper airway muscle activity is 
fundamental to OSA (65).

Apart from tracheostomy, the most successful outcomes 
have been with maxillomandibular advancement surgery, 
which increases retropalatal and retroglossal dimensions. 
This surgery is often neglected due to the requirement for a 
soft diet for a number of weeks and potentially serious side 
effects. However low complication rates have been reported 
in a recent review (1,66).

Combined modality treatment individualized for 
patients is necessary, within a multidisciplinary team 
setting including respiratory physicians, maxillofacial and 
otolaryngology surgeons. Typically multilevel surgery is 
required and all patients intolerant of CPAP should be 
referred for an otolaryngology opinion, to assess for surgical 
targets to reduce upper airway obstruction. Further long-
term prospective studies are required with an emphasis 
on standardized data capture, definitions of success and 
outcomes. 

Discussion

Sleep-related breathing disorders are increasingly common 
and confer a significant health and socioeconomic burden. 
Moderate to severe OSA is treated with CPAP but patient 
tolerance and compliance can be poor. These patients 
require alternative options and should be managed in the 
multidisciplinary team. 

Non-surgical options include technical modifications, 
lifestyle changes and support alongside oral appliances. 
Surgery can be effective in either facilitating the use of CPAP 
or in bypassing and improving anatomical obstructions or 
areas of collapse, which are typically multilevel.

As with all management algorithms, patient selection is 
critical and an important investigative tool includes DISE. 
Therefore, all patients that fail a trial of CPAP should be 

referred for otolaryngology review to exclude upper airway 
obstruction and undergo consideration for site-specific 
surgical intervention.

Further research is however required to improve 
the evidence base for these interventions. Long-term 
prospective randomized controlled trials are required. In 
addition, standardized data capture alongside with agreed 
definitions of success and outcomes (which are likely to 
be a combination of patient scoring systems and objective 
polysomnography outcomes) are essential.
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