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ABSTRACT
Sleep is essential for the proper functioning of all individuals. Sleep-disordered breathing 
can occur at any age and is a common reason for medical visits. The objective of this 
consensus is to update knowledge about the main causes of sleep-disordered breathing 
in adult and pediatric populations, with an emphasis on obstructive sleep apnea. 
Obstructive sleep apnea is an extremely prevalent but often underdiagnosed disease. 
It is often accompanied by comorbidities, notably cardiovascular, metabolic, and 
neurocognitive disorders, which have a significant impact on quality of life and mortality 
rates. Therefore, to create this consensus, the Sleep-Disordered Breathing Department 
of the Brazilian Thoracic Association brought together 14 experts with recognized, 
proven experience in sleep-disordered breathing.

Keywords: Sleep apnea syndromes/diagnosis; Sleep apnea syndromes/therapy; 
Hypoventilation.
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INTRODUCTION

Sleep is essential for the health and well-being of children, adolescents, and 
adults, being important for cognitive function, as well as for mental, cardiovascular, 
cerebrovascular, and metabolic health.(1) Sleep can be affected by various respiratory 
disorders. Among the causes of sleep-disordered breathing (SDB), the most 
prevalent is obstructive sleep apnea (OSA), which is characterized by frequent 
upper airway (UA) collapse during sleep, resulting in intermittent hypoxia and 
sleep fragmentation.(2) In most cases, OSA has cardiovascular, metabolic, and 
neurocognitive consequences, with a significant decrease in quality of life,(2,3) 
as well as increasing the risk of death. (4) When left untreated, OSA constitutes 
a health risk, with economic costs that affect the individuals with the condition, 
their families, and society.(5,6)

OBSTRUCTIVE SLEEP APNEA

Prevalence
Data from the Wisconsin Sleep Cohort Study, which involved workers between 

30 and 60 years of age, demonstrated that the prevalence of OSA in men and 
women was 24% and 9%, respectively, when the criterion was an apnea-hypopnea 
index (AHI) ≥ 5 events/h, compared with 9% and 4%, respectively, when the 
criterion was an AHI ≥ 15 events/h.(7) However, in recent years, there has been 
a clear increase in the prevalence of OSA,(8-10) possibly due to the aging of the 
population, higher rates of obesity, the development of methods of detection that 
are more sensitive, such as the use of nasal-cannula-pressure-transducer systems 
(instead of the exclusive use of thermistors), and more “tolerant” hypopnea criteria 
(desaturation of 3% rather than 4%). In a study conducted in the city of São 
Paulo, Brazil, involving 1,042 volunteers representative of the adult population, 
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32.8% of the participants were diagnosed with OSA 
syndrome, which is characterized by an AHI ≥ 5 
events/h with symptoms or an AHI ≥ 15 events/h 
irrespective of symptoms.(11) Another study found that 
the prevalence of an AHI ≥ 5 events/h ranged from 
9% to 38% in the general population, reaching rates 
as high as 90% and 78% among men and women, 
respectively, in certain elderly populations.(12) In one 
study comparing White and Asian subjects matched 
for age, sex, and BMI, the severity of OSA was found 
to be greater in the latter, probably due to differences 
in craniofacial anatomy.(13)

Recent estimates suggest that, worldwide, nearly 
one billion people have OSA, moderate/severe OSA 
affecting an estimated 425 million individuals between 
30 and 69 years of age.(14) Brazil is among the ten 
countries with the highest estimated number of 
individuals with OSA(14): 49 million with an AHI ≥ 5 
events/h; and 25 million with an AHI ≥ 15 events/h. 
In certain population groups, OSA is highly prevalent, 
such groups including individuals in the preoperative 
period of bariatric surgery,(15,16) those with resistant 
hypertension,(17,18) those with atrial fibrillation,(19) and 
those who have had a stroke.(20)

Insomnia and OSA are highly prevalent sleep 
disorders. The combination of the two diseases, which 
is also common and is known as comorbid insomnia 
and sleep apnea, impairs quality of life and reduces 
adherence to positive airway pressure treatment, as 
well as increasing mortality rates.(21-23)

Pathophysiology
In humans, the UAs are responsible for speech, 

swallowing, and ventilation; because they are 
composed of numerous muscles and soft parts that 
do not have a protective bone framework, they are 
predisposed to collapse.(24) Although that ability is 
essential for speech and swallowing when an individual 
is awake, it also allows the UAs to collapse during 
sleep, resulting in OSA.(24) The pathophysiology of OSA 
is complex and may involve four main phenotypes 
(Chart 1).(25)

Another factor that plays a role in the genesis of 
OSA is unstable ventilatory control, which can lead to 
cyclical respiratory effort and periodic breathing. This 
abnormal respiratory effort can produce variable levels 

of negative intraluminal pressure and an inadequate 
compensatory response from the dilator muscles, 
predisposing to UA collapse. Brief arousals followed by 
apnea cause increased respiratory effort and changes 
in ventilation, resulting in fluctuations in PaO2 and 
PaCO2 levels and instability of respiratory control 
centers, perpetuating a cyclical breathing pattern.(26)

Episodes of obstructive apnea can lead to intermittent 
hypoxia and mild CO2 retention, disrupting normal 
autonomic and hemodynamic responses during 
sleep.(27) Occurring repeatedly during the night and 
accompanied by a chemoreceptor-mediated increase 
in sympathetic activity, episodes of obstructive apnea 
increase the sympathetic activity of peripheral blood 
vessels, with consequent vasoconstriction.(27) That 
hemodynamic stress occurs when there is severe 
hypoxemia and hypercapnia, and it may initiate 
pathophysiological mechanisms that promote various 
diseases, via sympathetic activation, increased release 
of vasoactive substances, systemic inflammation, and 
oxidative stress.(27)

Obesity is the main cause of UA narrowing and 
is therefore a major predictor of OSA.(25) The 
pathophysiology of OSA in obesity is a multifactorial 
process, in which the main mechanism may be 
the deposition of adipose tissue in the structures 
of the neck, leading to luminal narrowing and UA 
collapse. (15,16) In addition, obese individuals with OSA 
often have more tongue fat than do similarly obese 
individuals without OSA.(28) Increasing body weight 
accelerates the progression of OSA, whereas weight 
loss reduces in its severity.(29) Obesity can also reduce 
lung volume, promoting UA collapse,(30) and is often 
associated with greater neck circumference (NC). 
A larger NC is associated with an increased risk of 
OSA.(31,32) The NC, which is typically larger in men 
than in women, correlates with waist circumference, 
BMI, metabolic syndrome, and cardiovascular risk 
factors.(32-34) The nocturnal displacement of fluid from 
the legs to the neck may contribute to UA collapse, 
and that displacement has been shown to correlate 
significantly with the AHI, NC, and time spent sitting 
when awake.(35)

It is known that OSA is more common in men 
than in women, and that its prevalence is higher 
in postmenopausal women than in those who are 

Chart 1. Four major phenotypes associated with the pathophysiology of obstructive sleep apnea.

Impaired UA anatomy (i.e., UA narrowing/collapse)
Inefficiency of the UA dilator muscles
Low arousal threshold
Unstable ventilatory control (i.e., high loop gain)
Adapted from Eckert.(25) UA: upper airway. UA narrowing/collapse is the major cause of obstructive sleep apnea 
(OSA), given that all patients with OSA have some anatomical alteration in their UA. However, the anatomical 
factors depend on the balance between forces that promote UA collapse (i.e., negative intraluminal pressure 
generated by the diaphragm during inspiration and pressure from the tissues “involving” the UA) and UA dilatation 
(i.e., contraction of the pharyngeal dilator [genioglossus] muscle and longitudinal traction caused by changes in 
lung volume). During sleep, there is a reduction in the activity of the muscles involved in UA opening. In individuals 
with OSA, there is an imbalance between opening and closing forces, leading to recurrent UA obstruction. In 
addition, there is muscle damage in the area as a result of the constant vibration of its structures, predisposing to 
or worsening OSA.
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premenopausal.(36,37) In comparison with women, men 
have a longer pharyngeal airway and a greater cross-
sectional area of the soft palate, indicating that the UA 
is more collapsible in men than in women.(38) Other 
potential contributing factors include the deleterious 
effects of male sex hormones and the protective effects 
of female sex hormones.(39) Progesterone stimulates 
the UA muscles and ventilation and may contribute 
to the lower prevalence of OSA in premenopausal 
women,(40) whereas higher testosterone levels (due 
to androgen supplementation or polycystic ovary 
disease) can worsen OSA.(41,42)

The prevalence of OSA increases with age,(10,43) 
possibly due to the following mechanisms(44,45): 
increased fat deposition around the pharynx; loss of 
tissue elasticity; lengthening of the soft palate; and 
decreased respiratory chemoreceptor responses. In 
elderly individuals, OSA may go undiagnosed because 
of the common misperception that the symptoms are 
due to aging rather than to OSA. The prevalence of 
OSA tends to be similar among aging men and women, 
especially among those over 60 years of age.(10,43)

Clinical consequences
In individuals with OSA, there can cardiovascular, 

metabolic, and neurocognitive consequences, as 
well as other, less common, repercussions (Chart 
2).(2,46-50) Especially in its more severe forms, OSA is 
associated with several cardiovascular comorbidities, 
such as stroke,(20,51) coronary artery disease,(52) 
hypertension,(18) and arrhythmias (notably atrial 
fibrillation).(19) Regular treatment with CPAP can 
reduce cardiovascular risk.(53-55)

The increased production of oxidants and inflammatory 
mediators, caused by obstructive events, together 
with the increase in left ventricular afterload, also 
contribute to altering cardiac electrophysiology, with 
remodeling of the heart chambers and a consequent 
increase in the risk of arrhythmias, especially atrial 
fibrillation. Bradyarrhythmias, ventricular arrhythmias, 
and atrioventricular conduction abnormalities may 
also occur, especially when OSA and hypoxemia are 
more severe.(56,57)

The prevalence of hypertension in individuals with 
OSA is significant (as high as 50%), and approximately 

30% of patients with hypertension have OSA.(50) In 
individuals with resistant hypertension, the prevalence 
of OSA has been reported to be as high as 80%.(17) 
Constant activation of the sympathetic nervous system 
is the likely pathway responsible for the increase 
in blood pressure; intermittent hypoxia, negative 
intrathoracic pressure, and primary hyperaldosteronism 
may also be involved.(58,59) Many individuals with 
OSA do not show the expected nocturnal drop in 
blood pressure, being classified as having OSA with 
a “nondipping” pattern (a drop in blood pressure of 
less than 10% during sleep).(57,60)

Another aspect of OSA is its association with stroke. 
The reported prevalence of OSA in individuals who have 
a stroke ranges from 30% to 70%.(61) The chance of 
having a stroke has been shown to be higher among 
individuals with an AHI ≥ 20 events/h than among those 
with an AHI < 5 events/h, even after adjustment for 
confounders (OR = 4.33; 95% CI: 1.32-14.24).(62) The 
cascade of deleterious pathophysiological events that 
occurs in OSA probably contributes to the concomitant 
occurrence of arrhythmias, oxidative stress, endothelial 
dysfunction, atherosclerosis, hypertension, autonomic 
dysfunction, and hypercoagulability. In individuals 
who have had a stroke, OSA leads to worse clinical 
outcomes(61,63): longer hospital stays and prolonged 
rehabilitation; increased risk of stroke recurrence, 
and a greater risk of death.

Metabolic syndrome is strongly associated with 
OSA, with a consequent increase in cardiovascular 
risk.(64) The clinical features of metabolic syndrome—
central obesity, hypertension, insulin resistance, 
hyperglycemia, and dyslipidemia—are shared by 
patients with OSA.(65) A study encompassing two 
cohorts found an increased incidence of metabolic 
syndrome associated with OSA,(66) and treatment 
of OSA with CPAP may reduce some components 
of metabolic syndrome, such as blood pressure and 
triglyceride levels.(67) In a recent randomized study 
of patients with OSA and metabolic syndrome, the 
proportion of patients in whom metabolic syndrome 
was reversed was greater among those who were 
treated with CPAP than among those who were not, 
although that reversal occurred in only a minority 
of the patients, suggesting that there is a need for 
combined treatments.(68) Despite robust evidence 
of the interplay between the two conditions, OSA is 
still underdiagnosed in individuals with the metabolic 
syndrome.(64,69) A diagnosis of OSA is a risk factor 
for the development of type 2 diabetes mellitus, and 
OSA leads to poorer glycemic control in individuals 
who develop the disease.(70)

Residual excessive sleepiness, even after adequate 
treatment with CPAP, occurs in 12% to 30% of patients 
with OSA.(71) Other causes of excessive daytime 
sleepiness (EDS) should always be investigated, such 
as insufficient sleep, inadequate sleep hygiene, and 
restless legs syndrome, as well as clinical conditions 
such as hypothyroidism, depression, and narcolepsy. (72) 
When CPAP is the treatment for OSA, optimization is 

Chart 2. Major clinical consequences of obstructive sleep 
apnea.

Hypertension
Stroke 
Arrhythmia
Ischemic heart disease
Heart failure
Type 2 diabetes mellitus
Metabolic syndrome
Cognitive decline
Depression
Motor vehicle and occupational accidents
Adapted from various previous studies.(46-50)
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essential, because nonadherence to CPAP treatment 
is a major cause of residual sleepiness. In addition, 
OSA can result in a neurocognitive decline (mainly 
in executive functions, attention, and memory).(73) 
Although symptoms of depression are prevalent in 
patients with OSA, such depression may be associated 
with comorbidities such as obesity and metabolic 
syndrome.(74)

Another important complication is the increase 
in the frequency of automobile accidents in which 
individuals with OSA are at fault, mainly attributable 
to EDS. In the case of professional drivers, the risk 
of an automobile accident is even higher than in the 
general population, because they are more likely to 
have comorbidities, such as obesity, cardiovascular 
disease, diabetes mellitus, and metabolic syndrome. (75) 
The chance of causing an automobile accident is two 
to three times higher in individuals with untreated 
OSA than in individuals without OSA.(76)

In recent studies of the combination of OSA and 
cancer, the severity of OSA and intermittent nocturnal 
hypoxemia was found to be associated with increased 
tumor growth and aggressiveness, notably in cases 
of melanoma.(77,78)

Association with chronic lung diseases
In many cases, OSA occurs in conjunction with 

chronic lung diseases, including interstitial lung 
disease, bronchial asthma (BA), COPD, and pulmonary 
hypertension. A systematic review and meta-analysis 
involving a collective total of 569 patients with 
interstitial lung disease showed that the prevalence 
of OSA in that population was 61%.(79) In another 
study, the prevalence of moderate-to-severe OSA 
was found to be higher in patients with idiopathic 
pulmonary fibrosis and a diagnosis of severe OSA 
was found to be strongly associated with the presence 
of cardiovascular disease, especially ischemic heart 
disease.(80) The combination of OSA and idiopathic 
pulmonary fibrosis worsens the prognosis, increases 
cardiovascular risk, and increases the risk of death; 
however, when individuals are regularly treated with 
CPAP (> 4 h/night), there is a significant improvement 
in EDS and sleep quality, as well as a reduction in 
the mortality rate.(80-82)

The prevalence of OSA can be high in patients 
with BA, ranging from 19% to 60% and being as 
high as 95% in those with severe BA.(83) In BA, 
inflammatory infiltration of the UAs and the increase in 
fat deposition on the walls of the pharynx, due to the 
use of corticosteroids or to obesity, lead to a reduced 
transverse UA diameter, thus favoring the occurrence 
of OSA.(83) In one study, the rate of decline in FEV1 
was shown to be higher in patients with BA and OSA 
than in those with BA alone, the AHI being found to 
be the only independent risk factor for a decline in 
lung function.(84) However, among the patients with 
severe OSA, the rate of decline in FEV1 was found to 
be significantly lower in those who were treated with 
CPAP than in those who were not.(84) Another study 

evaluated the impact of prolonged CPAP treatment 
on clinical symptoms in individuals with BA and OSA: 
there was a significant reduction in BA symptoms 
and a reduction in the use of rescue medication.(85) A 
multicenter prospective study evaluating a collective 
total of 99 patients with BA and OSA demonstrated 
that, after 6 months of CPAP use, there were 
significant improvements in BA control, quality of 
life, and pulmonary function.(86) A systematic review 
of patients with BA and OSA treated with CPAP also 
documented improved quality of life, especially in 
those with severe OSA or uncontrolled BA.(87)

Prevalence studies of overlap syndrome (COPD in 
conjunction with OSA) tend to report a wide variation 
in results, mainly due to differences in definitions and 
in the populations studied, the reported prevalence 
of the syndrome ranging from 10% to 65%.(88) The 
different clinical phenotypes of COPD influence the 
chance of having OSA(89): increased lung volume and 
low BMI are associated with the emphysema phenotype 
and protect against OSA, whereas peripheral edema 
and high BMI, often associated with the chronic 
bronchitis phenotype, increase the risk of OSA.(89) 
Narrowing of the UAs, due to a fluid shift from the 
lower limbs (edema) to the neck (especially in those 
with cor pulmonale), and UA myopathy, due to COPD 
itself or the use of corticosteroids, are both factors 
that contribute to OSA.(89) 

Classic OSA symptoms (e.g., snoring, morning 
headache, and EDS) and traditional risk factors for 
OSA (e.g., male gender, advanced age, and increased 
NC) are not helpful in confirming the suspicion of 
OSA in patients with COPD, particularly in those with 
moderate or severe COPD.(90,91) Therefore, in patients 
with COPD, polysomnography (PSG) is indicated 
when there is clinical suspicion of OSA, hypoxemic 
complications (cor pulmonale and polycythemia), 
or pulmonary hypertension disproportionate to 
the degree of airflow impairment.(92) Because OSA 
and COPD are clinical conditions associated with 
hypoxia and systemic inflammation, they increase 
cardiovascular risk and worsen other comorbidities, 
such as pulmonary hypertension; it is therefore 
to be expected that morbidity and mortality rates 
will be higher in patients with overlap syndrome 
than in those with COPD or OSA alone.(90,93) In an 
observational study of patients with overlap syndrome, 
the risk of COPD exacerbation and the mortality rate 
were both found to be lower among those who were 
treated with CPAP,(94) which is therefore indicated 
for the treatment of overlap syndrome. Similarly, 
CPAP treatment has been associated with increased 
survival in patients with moderate-to-severe OSA 
and COPD with hypoxemia who were on long-term 
supplemental oxygen therapy.(95)

Although there are limited data, it seems likely 
that SDB is more prevalent in adults with pulmonary 
hypertension than in the general adult population.
(96-98) In individuals with OSA alone, there is a small 
increase in pulmonary artery pressure, usually 
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without clinical significance.(99) In contrast, OSA in 
combination with obesity hypoventilation syndrome 
or COPD contributes to the development of significant 
pulmonary hypertension, which can be severe.(99) The 
population of patients with pulmonary hypertension 
typically differs from the general population with 
suspected OSA in that it has a predominance of 
women and a smaller proportion of individuals who 
are obese, those with nocturnal hypoxemia also 
having lower survival rates.(100) When indicated, CPAP 
treatment has the potential to improve pulmonary 
hemodynamics, although the decrease achieved in 
pulmonary artery pressure is minimal.(96)

Clinical suspicion
The main risk factors for OSA are male gender, obesity, 

advanced age, and craniofacial abnormalities. (2,101,102) 
Anamnesis should be performed in order to investigate 
snoring/observed apnea (mainly in men) and 
tiredness/fatigue/morning headache/insomnia (mainly 
in women), as well as EDS.(101,103) One of the main 
daytime symptoms of OSA is EDS, which is often 
accompanied by cognitive and functional changes 
(difficulty concentrating, irritability, and impaired 
memory and work ability), as well as being associated 
with a higher rate of automobile accidents,(2,101) as 
detailed in Chart 3.

As part of the physical examination, clinicians 
should routinely evaluate blood pressure (to identify 
hypertension), BMI, NC, and craniofacial abnormalities 
(micrognathia, retrognathia, alterations of the 
soft palate, lateral narrowing of the oropharynx, 
hypertrophy of tonsils, and macroglossia), as well as 
the Mallampati score and nasal obstruction.(2,101,102) 
Systematic assessment of the pharynx using Friedman 
staging, including the modified Mallampati score and 
tonsil size,(104) is generally recommended as a predictor 
of success in soft tissue surgical treatment,(105,106) as 
shown in Chart 4.

The various screening instruments for OSA are 
based on clinical, demographic, and anthropometric 
data, with the aim of identifying adult individuals at 
high risk for the disorder. It should be noted that no 
single instrument is capable of ruling in or ruling out 
OSA without an objective sleep study. The sensitivity 
and specificity of a screening instrument are inversely 
related.(107) In the case of OSA, a highly prevalent 
and often underdiagnosed disorder, it is perhaps 
more important that a screening instrument has high 
sensitivity and does not fail to diagnose patients with 
OSA, rather than having high specificity.(107) Due to 
the lack of a clear benefit in treating asymptomatic 
individuals, screening for OSA is not recommended 
in such individuals.(108)

One possible use of OSA screening instruments is 
to identify patients classified as being at high risk for 
OSA so that they can be referred for portable or home 
diagnostic methods, thus trimming the waiting lists 
at sleep laboratories.(109-111) Another possible use is 
in individuals in the preoperative period, given that 

patients with OSA are at increased risk of respiratory 
and cardiovascular complications in the postoperative 
period.(112,113) Comparing the performance of screening 
instruments can be particularly difficult because it 
depends on the type of objective sleep study used 
for diagnosis, the type of population studied, and the 
AHI cutoff used for diagnosis.(114,115)

Chief among the various screening instruments 
are the Berlin questionnaire,(116) the STOP-Bang 

Chart 3. Clinical suspicion of obstructive sleep apnea in 
adults.

Risk factors
Male gender
Obesity
Advanced age
Craniofacial abnormalities

Nighttime symptoms
Loud, disturbing snoring
Witnessed episodes of apnea
Gasping or a choking sensation
Nocturia
Nasal congestion
Night sweats
Excessive salivation

Daytime symptoms
Excessive daytime sleepiness
Memory impairment
Worsening concentration
Irritability
Mood changes
Morning headaches
Depressive symptoms

Complications
Cardiovascular complications
Metabolic complications
Neurocognitive complications
Motor vehicle and occupational accidents

Adapted from various previous studies.(2,101,102) 

Didactically, the symptoms associated with obstructive 
sleep apnea can be divided into nighttime and daytime 
symptoms. Because the nighttime symptoms may not 
be perceived by the patient, it is always desirable that 
the initial visit be conducted in the presence of the 
bed partner.

Chart 4. Friedman classification.

Stage I Mallampati 1 or 2 + Tonsil 3 or 4
Stage II Mallampati 1 or 2 + Tonsil 1 or 2 OR 

Mallampati 3 or 4 + Tonsil 3 or 4
Stage III Mallampati 3 or 4 + Tonsil 0 or 1 or 2 
Stage IV Any patient with a BMI > 40 kg/m2

Adapted from various previous studies.(104-106) The 
Friedman classification takes into account the palatine 
tonsils, the modified Mallampati score, and the BMI. 
Thus, four stages (I, II, III, and IV) are defined. Patients 
classified into lower stages are more likely to have a 
successful outcome after uvulopalatopharyngoplasty 
for the treatment of obstructive sleep apnea.
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questionnaire,(117) the NoSAS score,(118) and the GOAL 
questionnaire,(119) all of which are detailed in Chart 5.

The Epworth Sleepiness Scale (ESS), developed 
several decades ago,(120) is widely used in clinical 
practice. However, it is generally of low utility as a 
screening model for OSA, possibly because patients 
with OSA may not necessarily have EDS and because 
EDS may have many causes other than OSA,(121,122) as 
well as because the ESS is not reliably reproducible 
when applied sequentially.(123) The ESS has been 
validated for use in Brazil.(124)

Another OSA screening tool is the Berlin 
questionnaire,(116) which has also been validated 
for use in Brazil.(125) In a systematic review and 
meta-analysis, this instrument was found to have 
moderate sensitivity and low specificity for OSA in 
individuals evaluated at sleep clinics,(107) potentially 
performing better in a primary care setting than in 
sleep laboratories.(126)

The STOP-Bang questionnaire(117) has been widely 
validated: in a meta-analysis of studies involving 
individuals referred to sleep laboratories,(127) the 
questionnaire presented a sensitivity of 90%, 94%, 
and 96%, respectively, for the detection of any OSA, 
moderate/severe OSA, and severe OSA, whereas its 
specificity for those same parameters was 49%, 34%, 
and 25%, respectively. The STOP-Bang questionnaire 
has also been validated for use in Brazil.(128)

The NoSAS score was derived from a cohort in 
Switzerland and externally validated in a cohort 
in Brazil. (118) In both cohorts, NoSAS performed 
significantly better than did the STOP-Bang and Berlin 
questionnaires.(118) The NoSAS has been validated in 
various clinical settings, having proved to be a useful 
screening tool in all of those settings.(129)

The GOAL questionnaire, which uses only four 
dichotomous clinical parameters, was originally 
developed and validated for use in Brazil.(119) In the 
original study,(119) the GOAL questionnaire showed 
satisfactory performance in screening for OSA, with 

a discriminatory capacity similar to that obtained with 
the three other instruments evaluated (the No-Apnea 
score, STOP-Bang questionnaire, and NoSAS score). It 
was subsequently validated in other clinical contexts, 
always showing satisfactory performance.(130,131)

Laboratory diagnosis
The various types of objective sleep studies are 

described in Chart 6. A type 1 sleep study (attended 
PSG) is considered the gold standard for the diagnosis 
of OSA and stratification of its severity.(57,132) However, 
it must be performed in a sleep laboratory by trained 
technical personnel, therefore being inherently costly, 
and is not widely available.(2,133) There can be night-
to-night variability in the AHI data obtained by PSG, 
which may be related to the time spent in the supine 
position (in which the AHI is typically greater than 
in the lateral position) or to the use of alcohol and 
drugs that act on the central nervous system.(134,135)

The combination of electroencephalography, 
electrooculography, and electromyography allows 
the staging of rapid eye movement (REM) sleep and 
non-REM sleep (subdivided into stages N1, N2, and 
N3),(133) as outlined in Chart 7. Respiratory parameters 
such as episodes of apnea, hypopnea, and respiratory 
effort-related arousals are measured with airflow 
sensors (a nasal-cannula-pressure-transducer system 
or an oronasal thermistor), through the quantification of 
respiratory effort (with chest straps and abdomen), and 
by determination of the degree of oxygenation (pulse 
oximetry). For certain diagnoses, it may be necessary 
to employ other techniques in order to measure some 
optional parameters, such as video monitoring, the use 
of an esophageal balloon to accurately determine the 
respiratory effort, and the measurement of expired 
CO2 (by capnography) or transcutaneous CO2 in cases 
of suspected hypoventilation.(57,132,133)

The results of a PSG are analyzed by a professional 
certified in the area, who stages sleep and evaluates 
respiratory events in accordance with the rules 

Chart 5. Clinical parameters of screening instruments for obstructive sleep apnea in adults.

Instruments
• ESS(probability of dozing in eight different day-to-day situations): each item is scored from 0 to 3 (ranging from 
no chance to high chance of dozing, respectively); and high risk is defined as a score ≥ 11 points (maximum possible 
score of 24 points)
• Berlin questionnaire, comprising three categories—snoring; fatigue and sleepiness; and  obesity and hypertension—
high risk being defined as at least two positive categories
• STOP-Bang questionnaire, comprising eight questions (1 point for each positive answer)—loud snoring, tiredness, 
observed apnea, hypertension, BMI > 35 kg/m2, age > 50 years, NC > 40 cm, and male gender—high risk being defined 
as a score ≥ 3 points (maximum possible score of 8 points)
• NoSAS score—4 points for an NC > 40 cm; 3 points for a BMI 25-29 kg/m2 or 5 points for a BMI ≥ 30 kg/m2; 2 points 
for snoring; 4 points for being > 55 years of age; and 2 points for being male—high risk being defined as a score ≥ 8 
points (maximum possible score of 17 points)
• GOAL questionnaire, comprising four questions (1 point for each affirmative answer)—male gender; BMI ≥ 30 kg/m2; 
age ≥ 50 years; and loud snoring— high risk being defined as a score ≥ 2 points (maximum possible score of 4 points)
Adapted from various previous studies.(116-120) ESS: Epworth Sleepiness Scale; and NC: neck circumference. 
Although the ESS is a screening tool for excessive daytime sleepiness, rather than for obstructive sleep apnea, it is 
widely used in clinical practice, being a scale for subjective assessment of daytime sleepiness, which is considered 
excessive if the score is ≥ 11.
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established by the American Academy of Sleep 
Medicine (AASM),(133) as detailed in Chart 8.

The currently recommended definition of hypopnea 
is at least a 30% reduction in flow, accompanied by 
3% desaturation or a microarousal. However, there is 
an alternative definition that allows 4% desaturation 
without a microarousal. Therefore, variability of the 
hypopnea index in the same patient may result from 
the use of different criteria, and it is essential to 
describe which criteria were used to define hypopnea 
in the PSG report.(136) Differences in the definition of 
hypopnea can affect the AHI, and a lack of consistency 
in the definition of these events makes it difficult to 
interpret the results of a sleep study.(136,137)

Based on the degree of evidence established by 
the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) method, the 
AASM has made a number of recommendations. 1) 
A PSG or home monitoring using portable polygraphy 
can be used for diagnosis in uncomplicated patients 
who have signs and symptoms that are indicative of 
moderate or high risk of OSA (strong recommendation). 
2) A PSG should be performed when home testing is 
negative, inconclusive, or technically inappropriate 
(strong recommendation). 3) In the presence of 
significant cardiopulmonary disease, neuromuscular 
disease, waking hypoventilation (or suspected sleep 
hypoventilation), chronic opioid use, severe insomnia, 
or a history of stroke, a PSG should be performed 
(strong recommendation—preferred over home 
testing). It should be noted that, in relation to the use 
of home methods in the diagnosis of SDB in patients 
with neuromuscular diseases, there are studies that 
suggest that even nocturnal oximetry would be 
sufficient to assess these patients, especially when 
PSG is not feasible.(138,139) 4) A second PSG should 
be performed if the first is negative and a strong 
suspicion of OSA remains (weak recommendation). 
5) Questionnaires alone should not be used for the 
diagnosis of OSA, an objective sleep test (PSG or 

polygraphy; strong recommendation) always being 
recommended.(2)

Split-night PSG is a diagnostic method in which, 
in the same examination, a baseline PSG is initially 
performed, followed by CPAP titration in the second 
half of the night. The AASM suggests that, if clinically 
appropriate, a split-night study can be used instead 
of a full-night PSG for the diagnosis of OSA (weak 
recommendation).(2) For a split-night study to be 
acceptable, CPAP titration should be initiated only 
when moderate or severe OSA is detected during at 
least 2 h of the diagnostic recording time, followed 
by at least 3 h of CPAP titration.(2)

Home diagnosis
As described in Chart 9, portable OSA diagnostic 

devices were developed to reduce cost, increase patient 
comfort, and simplify the diagnostic process. As can 
be seen in Figure 1, type 3 handheld devices are 
recommended for the diagnosis of OSA in individuals 
with a high pretest probability for moderate-to-severe 
OSA who do not have severe or decompensated 
comorbidities(2,140) and should be managed at 
facilities with experience in sleep medicine, under the 
supervision of physicians certified in the specialty.(2)

The home examination consists of measurements 
of airflow, respiratory effort, and SpO2. The sensors 
are applied by the patients themselves, following 
the instructions of a PSG technician or provided in 
an instructional video. Home devices must allow 
manual or automatic collection of data, which 
must always be reviewed by a specialist in sleep 
medicine and must always be read manually.(141,142) 
In comparison with a type 1 sleep study (attended 
PSG), type 3 (portable monitoring) sleep studies 
will typically underestimate the AHI, because they 
measure total recording time rather than total sleep 
time, as well as because they register only episodes 
of hypopnea that are accompanied by desaturation. 

Chart 6. Classification of objective sleep studies.

Objective sleep studies
Type 1: Full, in-laboratory, attended PSG (≥ 7 channels)
Type 2: Full, unattended PSG (≥ 7 channels)
Type 3: Portable monitoring with 4-7 channels
Type 4: Portable monitoring with 1-2 channels, including noninvasive oximetry
Adapted from various previous studies.(2,57,132,133) PSG: polysomnography. Objective sleep studies are used for the 
diagnosis and stratification of the severity of obstructive sleep apnea (OSA), being classified, in decreasing order 
of complexity, as type 1, type 2, type 3, and type 4. A type 1 sleep study is a full, in-laboratory, attended PSG in 
which a technologist monitors a minimum of 7 channels, including electroencephalogram electrooculogram, chin 
electromyogram, electrocardiogram, respiratory monitoring (airflow, effort [respiratory effort bands]), and pulse 
oximetry, and may also include anterior tibial electromyogram and monitoring of body position (sensors). A type 
1 sleep study is considered the gold standard for the diagnosis and stratification of the severity of OSA because 
it makes it possible to gather detailed information on sleep stages and respiratory abnormalities. A type 2 sleep 
study has the same parameters as type 1 test but is not attended by a technologist. A type 3 sleep study, or home 
cardiopulmonary monitoring, offers a minimum of 4 channels, whereas a type 4 sleep study consists of continuous 
overnight recording of 1 to 2 channels, one of which must be oximetry, with or without heart rate recording. 
Despite being a very promising method, especially in selected cases, oximetry alone should be currently considered 
a screening rather than a diagnostic tool for OSA. Actigraphy is a noninvasive method that measures sleep-wake 
patterns through sensors that detect movement, being widely used to help diagnose insomnia and circadian rhythm 
disorders. However, actigraphy alone is not indicated for diagnosing OSA, although it can be an adjunct to portable 
monitoring (an optional recommendation by the American Academy of Sleep Medicine).
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This underestimation of the AHI by polygraphy does 
not seem to be clinically relevant. (143) However, it can 
be especially problematic for patients with mild OSA 
and for patients who frequently experience respiratory 
events unaccompanied by desaturation, including 
young people, women, and normal-weight individuals.

One systematic review evaluated validation 
studies of type 3 sleep studies versus type 1 sleep 
studies and found the accuracy of the former, in 
high-risk patients, to be as follows(2): 84-91% (AHI 
> 5 events/h); 65-91% (AHI > 15 events/h); and 
81-94% (AHI > 30 events/h). Portable home methods 
showed excellent agreement and correlated well with 
the values obtained by complete, supervised PSG, 
especially in individuals with the more severe forms 
of OSA.(2) That same systematic review included 
studies aimed at comparing clinical outcomes when 

the diagnosis was made using a type 3 (portable 
monitoring) device versus a type 1 (PSG) device, 
and no differences were found in the EDS (assessed 
by the ESS), quality of life, or adherence to CPAP 
treatment. (2) However, it should be noted that, in that 
review,(2) the studies evaluated were limited to patients 
with a high probability of moderate-to-severe OSA, 
without significant comorbidities, and without other 
sleep disorders; in addition, they were conducted at 
centers with extensive experience in sleep medicine.

Due to their greater practicality and availability, 
portable devices allow more frequent reassessment 
of patients under treatment. Although routine 
reassessment is not indicated for all patients, those 
receiving treatments considered alternatives to CPAP, 
such as the use of a mandibular advancement device, 

Chart 7. Parameters recorded during type 1 polysomnography.

Neurological parameters
Total sleep time
Sleep efficiency
Number of arousals
Sleep latency
REM sleep latency
Total wake time after sleep onset
Sleep stages

N1
N2
N3
R

Number of microarousals
Spontaneous microarousals
Microarousals associated with respiratory events
Microarousals associated with leg movement

Periodic leg movements
Additional data that can be reported on a type 1 study (polysomnography): bruxism, abnormal behaviors during 
video monitoring, epileptiform activity, loss of REM sleep atonia, changes in sleep microstructure such as alpha-delta 
intrusion, increased REM density, and increases in sleep spindles

Cardiopulmonary parameters
Apnea-hypopnea index
Apnea index
Hypopnea index
Respiratory effort-related arousal index
Respiratory disturbance index
SpO2

Baseline
Mean
Minimum

Oxygen desaturation index
SpO2 time < 90%
SpO2 time < 80%
Heart rate (minimum, mean, and maximum)
Electrocardiogram
Additional parameters (capnography)
Adapted from Berry et al.(133) REM: rapid eye movement; N1, etc.: non-REM sleep stages; and R: REM sleep stage. 
The oxygen desaturation index cutoff can be 2%, 3%, or 4%. The respiratory disturbance index consists of the sum 
of the apnea index, hypopnea index, and respiratory effort-related arousal index. 
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positional therapy, surgery, or weight loss treatment, 
may benefit from a reassessment.(144)

High-resolution oximetry (a type 4 sleep study) 
detects cyclical oscillations in SpO2 that typically 
accompany respiratory events. Recent studies 
demonstrate a strong correlation between the PSG-
derived AHI and the oxygen desaturation index, 
whether the latter is analyzed as a PSG-independent 
channel or through a high-resolution oximeter.(145-147) 
Nocturnal oximetry has clear advantages(2): it is an 
inexpensive, easily applied, noninvasive method; and 
there is robust evidence for its validity as a screening 
test for OSA, as well as in documenting the resolution 
of hypoxemia after treatment.(2) However, the method 
can produce false-negative results, cannot distinguish 
between OSA and central sleep apnea (CSA), and its 
accuracy can be reduced by various clinical factors, 

such as anemia, hypotension, peripheral vascular 
disorders, obesity, COPD, and frequent movements 
during sleep.(148,149) Therefore, further studies are 
needed in order to support the use of nocturnal 
home oximetry as a stand-alone diagnostic test for 
OSA, particularly in children and in individuals with 
significant comorbidities.(148)

The use of type 3 (portable monitoring) devices 
for the diagnosis of OSA in patients considered to 
be at high risk for moderate-to-severe OSA, without 
other suspected sleep disorders or significant 
cardiopulmonary or neurological comorbidities, is 
largely supported by validation studies and analyses 
of clinical outcomes. The use of such devices can 
reduce the huge demand for assessments in sleep 
laboratories.

Chart 8. Definition of terms.

Term Definition
Apnea A reduction in airflow (≥ 90%) lasting for at least 10 seconds
Hypopnea A reduction in airflow (≥ 30%) lasting for at least 10 seconds and accompanied by 

microarousal or desaturation (≥ 3%)
Obstructive apnea Apnea that is accompanied by thoracoabdominal motion
Central apnea Apnea that is unaccompanied by thoracoabdominal motion
Mixed apnea A combination of central and obstructive apnea
Cheyne-Stokes respiration Periodic breathing characterized by a crescendo-decrescendo pattern of breathing 

between episodes of central apnea or central hypopnea
AIH Number of episodes of apnea + hypopnea/TST (events/h)
RDI Number of episodes of apneas + hypopnea + RERAs/TST (events/h)
OSA An RDI ≥ 5.0 events/h together with symptoms or an RDI > 15.0 events/h regardless of 

symptoms
Severity assessment

No OSA AHI < 5.0 events/h
Mild OSA AHI 5.0-14.9 events/h
Moderate OSA AHI 15.0-29.9 events/h
Severe OSA AHI ≥ 30.0 events/h

Adapted from Berry et al.(133) AHI: apnea-hypopnea index; TST: total sleep time; RDI: respiratory disturbance 
index; RERA: respiratory effort-related arousal; and OSA: obstructive sleep apnea. For defining OSA, the RDI 
is preferable to the AHI (an optional recommendation by the American Academy of Sleep Medicine). Severity 
assessment in adults, by either the AHI or the RDI, consists of the polysomnography criterion with the cutoff points 
of 5, 15, and 30 events/h.

Chart 9. Advantages and disadvantages of a type 3 sleep study (polygraphy) in comparison with a type 1 study 
(polysomnography).

Advantages of a type 3 sleep study
The comfort level is higher, it requires less monitoring, and the patient sleeps in his/her own bedroom.
The costs are lower: it does not require a sleep laboratory or polysomnography technologists.
Wait times for the test are shorter.
Report preparation takes less time.

Disadvantages of a type 3 sleep study
It does not assess the neurological portions of sleep.
It is not intended for assessing other sleep disorders.
It is an unattended test.
Sensors may be displaced, which may result in inadequate studies and the need for a repeat test.
It may underestimate the apnea-hypopnea index.
Adapted from two previous studies.(2,140) A portable (type 3) monitoring device may perform very poorly in patients 
with central sleep apnea, alveolar hypoventilation, or hypoxemia (e.g., those with congestive heart failure, COPD, 
neuromuscular disease, a history of stroke, or severe insomnia, as well as in those using opioids). A type 3 sleep 
study (polygraphy) is not indicated for patients who do not have a high pretest probability of moderate-to-severe 
obstructive sleep apnea.
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Titration with positive pressure
Positive pressure therapy is the treatment of choice 

for individuals with moderate-to-severe OSA.(150,151) 
The individualization of that therapy involves the 
determination of the ideal pressure to be applied in 
the UAs in order to control the obstructive respiratory 
events presented by the patient. This important part 
of positive pressure therapy can be performed in the 
sleep laboratory, under supervision (with the help of a 
full- or split-night PSG) or unsupervised at home.(150,151)

The gold standard for determining the optimal 
pressure to be applied in positive pressure therapy is 
manual titration during an overnight PSG in a sleep 
laboratory. (57,151,152) In that procedure, patients should 
receive educational information about the device, 
interfaces, beneficial effects, and the potential side 
effects of positive pressure therapy.The various 
interfaces (nasal mask, nasal pillow, and full face mask) 
and accessories (chin strap and heated humidifier) 
must be available on the night of the titration, and 

the patient must undergo desensitization, trying the 
interfaces connected to the device while it is turned 
on, before recording begins. This is an opportunity 
for patient education and due correction of any 
issues that may arise during the examination.(57) 
Nasal masks or nasal pillows should be considered 
the first choice of interface during titration because 
full face masks generally lead to a higher residual 
AHI, higher therapeutic pressure level, and greater 
leakage, which could reduce adherence to the treatment 
proposed. (153-156)

The manual titration protocols for CPAP and BiPAP 
follow the AASM algorithms,(152) as outlined in Figures 
2 and 3.The titration is classified as optimal when 
there is complete control of respiratory events (AHI 
< 5 events/h and SpO2 ≥ 90%) for ≥ 15 min of REM 
sleep in the supine position. It is classified as good 
if the final respiratory disturbance index (RDI) is ≤ 
10 or 50% lower than the baseline RDI if the latter 
was < 15 for ≥ 15 min of REM sleep in the supine 
position. It is classified as appropriate if the final RDI 

Figure 1. Diagnostic algorithm for adults with suspected sleep-disordered breathing (SDB). OSA: obstructive sleep 
apnea; and PSG: polysomnography. Adapted from Kapur et al.(2) High pretest probability (i.e., increased risk of moderate 
to severe OSA) can be estimated by the presence of excessive daytime sleepiness (EDS) and two of the three following 
criteria: loud, frequent snoring; witnessed episodes of apnea or episodes of a choking sensation; and hypertension. 
Individuals classified as being at low risk should be tested in the sleep laboratory, whereas those classified as being 
at high risk can be tested either at home or in the sleep laboratory. In patients with a high degree of clinical suspicion 
for OSA, a technically inadequate or negative home sleep study should be followed by in-laboratory PSG (a type 1 
sleep study) to exclude OSA and to assess alternative causes of EDS. In patients with suspected central disorders of 
hypersomnolence, parasomnias, or sleep-related movement disorders, as well as in those with severe insomnia or who 
have difficulty in assembling the equipment at home, PSG, rather than home sleep testing, should be the first choice. 
The flow chart shows that titration in those individuals with an indication for positive pressure therapy can also involve, 
as is the case for diagnosis, the sleep laboratory and the home. Home sleep studies should be managed at facilities with 
experience in sleep medicine and should be supervised by physicians certified in the specialty. 

Adults with suspected OSA, 
without clinically significant or 

decompensated comorbidities and
without concomitant sleep disorders

Increased risk for moderate to severe OSA? 

Low risk 

(Type 1) in-laboratory PSG

High risk

(Type 3) home polygraphy or (type 1) in-laboratory PSG

In-laboratory manual 
CPAP titration

Home auto-CPAP 
titration

Start of CPAP therapy

Start of auto-CPAP 
therapy

In-laboratory and Home Models 
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Starting CPAP of 4 cmH2O
Pressure is increased 
by ≥ 1 cmH2O

Pressure is increased 
by ≥ 1 cmH2O 

 ≥ 5-min interval

Maintain pressure if 
respiratory events are 

controlled for 
≥ 15 min in supine 

REM sleep

If obstructive events are 
controlled for 30 min, consider 

reducing pressure by
≥ 1 cmH2O every 10 min

 Stop if respiratory 
events re-occur

Until 
respiratory 
events are 
controlled

If patient experiences:
≥ 2 episodes of obstructive apnea,

≥ 3 episodes of hypopnea,
≥ 5 RERAs, or

≥ 3 min of snoring

If patient experiences:
≥ 2 episodes of obstructive apnea,

≥ 3 episodes of hypopnea,
≥ 5 RERAs, or

≥ 3 min of snoring

is not ≤ 10 but is ≥ 75% lower than the baseline RDI 
or if criteria for optimal or good titration are met but 
there was no REM sleep in the supine position. The 
titration is considered unacceptable if none of the 
criteria described above are met.(152)

In patients presenting with hypoventilation or a 
history of hypoxemic lung disease, CPAP titration 
with supplemental oxygen may be necessary. Oxygen 
supplementation should be considered for patients who 
have a room-air SpO2 ≤ 88% while awake and in the 
supine position before titration. In addition, oxygen 
supplementation is used when the patient maintains 
a room-air SpO2 ≤ 88% for more than 5 min, even 
if there is complete control of obstructive events. 
Oxygen should be started at 1 L/min and titrated to 
maintain the SpO2 at 88-94%.(152)

During a CPAP titration study, some patients may 
develop treatment-emergent central sleep apnea 
(formerly known as complex sleep apnea syndrome), 
which is characterized by episodes of central sleep 
apnea in patients diagnosed with OSA.(157) In most 
cases, episodes of central apnea during an initial 
titration are transient and may disappear after 
continuous use of CPAP for 4-8 weeks, and it may 
be necessary to reduce the pressure level that was 
determined to be optimal during the titration.(158) When 
CPAP treatment fails to correct treatment-emergent 
central sleep apnea, it may be necessary to use 
adaptive servo-ventilation.(159)

Although the gold-standard practice involves 
manual titration of pressure during PSG performed 

in a sleep laboratory, that practice is laborious and 
costly. Therefore, the decision can be made to use 
auto-adjusting positive airway pressure (APAP) 
devices for automatic pressure titration, in a sleep 
laboratory or at home.(150,151) That decision should be 
based on access, cost, patient preference, and clinical 
judgment. Titration with automatic devices should not 
be performed in patients with hypoventilation, heart 
failure, COPD, neuromuscular disease, or nocturnal 
hypoxemia, as well as being inappropriate for use in 
non-snorers or in patients with CSA.(160) The potential 
benefits of home titration include its lower cost and 
faster initiation of treatment, due to easier access 
to the examination. For this type of titration, the 
patient must receive adequate educational guidance, 
problems must be quickly identified and corrected, 
and the physician must closely monitor the response 
to treatment.

Various studies have shown that there are no 
statistically significant differences between the mean 
treatment pressure obtained by home titration with 
APAP and that obtained by manual titration in a sleep 
laboratory.(110,161-163) A meta-analysis encompassing 
10 randomized controlled trials compared the use of 
positive pressure using home titration with APAP and 
in-laboratory positive pressure titration(150): there 
were no clinically significant differences between the 
groups in adherence, sleepiness, or quality of life. A 
randomized clinical trial assessed patient preference for 
diagnostic/therapeutic management in the laboratory 
versus at home, showing that 62% of the participants 

Figure 2. Algorithm for manual CPAP titration in adults during overnight polysomnography or split-night polysomnography. 
REM: rapid eye movement; and RERA: respiratory effort-related arousal. Adapted from Kushida et al.(152) A higher starting 
CPAP may be used in patients with a high BMI or for retitration studies. CPAP should be increased until all respiratory 
events are eliminated. The maximum CPAP is 20 cmH2O; however, if pressures greater than 15 cmH2O are needed or if 
the patient is uncomfortable or intolerant of high pressures on CPAP, BiPAP should be tried. The titration algorithm for 
split-night CPAP titration studies should be identical to that of overnight CPAP titration studies. For split-night CPAP titration 
studies, it is prudent to consider larger pressure increments (i.e., 2.0-2.5 cmH2O) given the shorter titration duration. 
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randomized to in-laboratory management would have 
preferred home management, whereas only 6% of 
those randomized home management would have 
preferred in laboratory management.(164)

Positive pressure therapy
Positive pressure therapy is currently recommended 

for patients with an AHI ≥ 15 events/h, as well as 
for those with an AHI of 5-14 events/h and EDS, 
cognitive impairment, mood disorders, insomnia, or 
coexisting conditions, such as hypertension, ischemic 
heart disease, and a history of stroke.(150,160) Although 
CPAP treatment significantly improves several clinical 
outcomes, adherence to the treatment is suboptimal in 
some cases.(165) Although CPAP adherence is defined as 
the use of CPAP for ≥ 4 h/night for at least 70% of the 
nights, there is a dose-response relationship between 
CPAP use and several clinical outcomes (Chart 10), 
a greater number of hours per night translating to a 
greater benefit.(53,55,166-170) Positive pressure devices 
provide pressure through a mask, preventing upper 
airway collapse and normalizing the AHI in more 
than 90% of users.(150) In a study analyzing data 
from more than 2.6 million patients initiating PAP 
therapy between 2014 and 2017, the aforementioned 
level of adherence was achieved by 75% within the 
first 90 days of treatment.(171) Of the patients who 

initiate PAP therapy, 65-80% are still using it 4 years 
later.(172,173) In a long-term follow-up study involving 
107 patients with OSA, adequate adherence to PAP 
therapy (> 4 h/night) was observed in 57% of the 
patients in the first year, with no significant changes 
over the next 9 years.(174) Treatment adherence was 
found to correlate significantly with the severity 
of OSA (as assessed by the AHI) and ESS scores, 
although not with the pressure applied or the age 
of the patients.(174) 

There are various approaches to positive pressure 
therapy, including BiPAP, APAP, and a reduction in 
pressure during the expiratory phase (expiratory 
pressure relief). In a meta-analysis of 23 randomized 
controlled trials, no clinically significant difference 
was observed between adults with OSA treated 
with APAP and those treated with CPAP regarding 
the mean number of hours of use.(151) Small clinical 
trials have shown that cognitive behavioral therapy 
or short-term use of a nonbenzodiazepine hypnotic 
can increase nocturnal CPAP use.(175,176) Patients with 
OSA who cannot tolerate positive pressure therapy 
are potential candidates for mandibular advancement 
devices, positional therapy (avoidance of the supine 
position during sleep), or surgery.(160) 

In a randomized study comparing real and sham 
CPAP, real CPAP was found to improve vitality 

If patient experiences: 
≥ 3 episodes of hypopnea, 

≥ 5 RERAs, or ≥ 3 min 
of snoring

If patient experiences: 
≥ 3 episodes of hypopnea, 

≥ 5 RERAs, or ≥ 3 min 
of snoring Maintain pressures if 

respiratory 
events  are controlled 
for ≥ 15 min in supine

REM sleep

Until respiratory 
events are 
controlled

If obstructive events are 
controlled for 30 min, consider 

reducing pressure by 
≥ 1 cmH2O every 10 min

Stop if respiratory events 
re-occur

IPAP is increased by ≥ 
1 cmH2O

IPAP is increased by ≥ 
1 cmH2O

IPAP and EPAP are 
increased by ≥ 1 cmH2O

IPAP and EPAP are 
increased by ≥ 1 cmH2O

≥ 5-min interval before 
additional increments

≥ 5-min interval before 
additional increments

If patient experiences 
≥ 2 episodes of 

obstructive apnea

If patient experiences 
≥ 2 episodes of 

obstructive apnea

BiPAP titration
Starting IPAP: 8 cmH2O
Starting EPAP: 4 cmH2O

Figure 3. Algorithm for manual BiPAP titration in adults with obstructive sleep apnea during overnight polysomnography 
or split-night polysomnography. RERA: respiratory effort-related arousal; REM: rapid eye movement; IPAP: inspiratory 
positive airway pressure; and EPAP: expiratory positive airway pressure. Adapted from Kushida et al.(152) For manual 
BiPAP titration, the recommended minimum starting IPAP and EPAP should be 8 cmH2O and 4 cmH2O, respectively. 
These starting pressures will be adjusted according to the obstructive breathing events observed. If there are ≥ 2 
episodes of obstructive apnea during titration, IPAP and EPAP should both be increased by ≥ 1 cmH2O. If there are 
any other respiratory events (≥ 3 episodes of hypopnea, ≥ 5 RERAs, or ≥ 3 min of snoring), only IPAP should be 
increased by ≥ 1 cmH2O. An interval of at least 5 min should be allowed before additional pressure increases are 
made. The recommended maximum starting IPAP should not exceed 30 cmH2O because of the risk of barotrauma, and 
the recommended IPAP-EPAP differential should be 4-10 cmH2O. The titration algorithm for split-night BiPAP titration 
studies should be identical to that of overnight BiPAP titration studies, but one may consider increasing IPAP and EPAP 
in larger increments (2.0-2.5 cmH2O) to control breathing events.
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significantly in comparison with the sham treatment. (177) 
In a study comparing CPAP and placebo, fatigue and 
EDS were both found to be lower in the patients treated 
with CPAP.(178) Among patients with OSA, the risk of 
motor vehicle accidents has been reported to decrease 
substantially after CPAP treatment, becoming similar 
to that among drivers without OSA.(179) Treatment for 
OSA has a positive impact on cardiovascular health; in 
a study involving patients with an AHI ≥ 15 events/h, 
24-h systolic blood pressure was found to be lower 
(by 4 mmHg) in those receiving CPAP than in those 
receiving placebo.(180) Similar results have been 
found in patients with resistant hypertension,(168) as 
well as in those with type 2 diabetes mellitus and 
hypertension.(181) 

The effects that OSA treatment has on cardiovascular 
events remain unclear. In a randomized clinical 
trial comparing CPAP treatment with no treatment, 
involving patients without EDS and with an AHI ≥ 
20 events/h, no appreciable reduction in a composite 
outcome of hypertension or cardiovascular events was 
observed over a 4-year period.(182) In a randomized 
study comparing CPAP with the standard of care 
among patients with established cardiovascular 
disease and moderate-to-severe OSA without severe 
sleepiness, CPAP was found to have no major effect 
on cardiovascular outcomes.(183) However, it should be 
noted that the two aforementioned studies had two 
major limitations: they excluded patients with EDS, 
which is an established risk factor for cardiovascular 
disease,(184) and adherence to CPAP treatment was 
low in their samples. 

There are a number of factors that improve adherence 
to CPAP treatment(3): education regarding the risks of 
OSA and the expected benefits of positive pressure 

therapy; monitoring of CPAP use; and behavioral 
interventions, including cognitive behavioral therapy 
and motivational therapy. Technical solutions such as 
using humidifiers, automatic devices, and expiratory 
pressure relief devices to reduce side effects have 
shown no significant correlation with a increase in 
adherence to CPAP.(3,185,186) 

Follow-up of patients receiving positive 
pressure therapy

Patients undergoing CPAP treatment are usually 
monitored by a clinician reading the data stored in 
the CPAP device memory card. Those data provide 
information on three major parameters: adherence 
(number of hours of CPAP use per night and percentage 
of days using CPAP for > 4 h/night); air leaks; 
and residual AHI. Telemedicine use has increased 
dramatically, having an impact on the management 
(diagnosis, treatment, and follow-up) of SDB.(187-189) 
Telemonitoring of CPAP treatment involves the use 
of digital technologies to collect data on air leaks, 
residual AHI, and treatment adherence, which are 
electronically transmitted to the health care professional 
from the home of the patient.(190) 

One of the main advantages of telemonitoring is early 
detection of treatment-related problems (air leaks or 
persistent respiratory events), facilitating appropriate 
interventions and improving the initial experience of 
patients with CPAP.(190,191) This is important because 
a favorable initial experience greatly contributes to 
long-term adherence.(150,151,192)

Telemonitoring appears to be well accepted by 
patients.(193) In addition, two meta-analyses showed 
that adherence to CPAP is significantly higher in 
telemonitoring groups than in standard monitoring 

Chart 10. Major beneficial and adverse effects of CPAP.
Beneficial effects

Improved cognitive function
Improved quality of life
Reduced arterial pressure
Improved nocturia
Reduced risk of acute myocardial infarction and stroke
Reduced excessive daytime sleepiness
Improved vitality
Reduced fatigue
Reduced risk of motor vehicle accidents
Reduced insulin resistance
Improved symptoms of depression

Adverse effects
Skin irritation
Conjunctivitis
Oropharyngeal dryness
Nasal congestion
Aerophagia
Claustrophobia
Air leaks through the interface
Adapted from various previous studies.(2,3,150,151)
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groups.(194,195) In a study including a collective total of 
4,181,490 patients in Brazil, Mexico, and the United 
States, more than 80% of the participants met the 
adherence criteria in the first 3 months (use of CPAP 
for ≥ 4 h/night for ≥ 70% of the nights), 1-year 
adherence rates being > 75%.(196) 

Other treatments
Treatment for OSA can include behavioral measures, 

oral appliances (OAs), and surgical procedures. 
Behavioral measures include avoiding the supine 
position, avoiding the use of alcohol especially before 
bedtime, engaging in regular aerobic exercise, and 
promoting weight loss. Avoiding the supine position 
reduces the risk of UA collapse. Positional therapy can 
involve the use of various accessories with different 
types of technology.(197) Weight loss improves OSA, and 
there is no minimum weight loss required to achieve 
this benefit; however, greater weight loss translates 
to a greater benefit.(198) Physical exercise can also 
improve OSA, independently of weight loss; although 
the mechanism has yet to be well understood, it 
appears to involve fat redistribution, fluid reabsorption, 
and increased pharyngeal muscle tone.(199) 

The use of OAs for the treatment of OSA is an effective 
option, especially in patients with mild to moderate 
OSA. The appliances can also be used in patients with 
OSA who cannot tolerate CPAP. Although there are 
different types of OAs, the ones most commonly used 
are mandibular advancement devices that promote 
mandibular protrusion by altering the position of 
the tongue, thus increasing the UA diameter. Such 
appliances are effective in treating snoring in patients 
without OSA, as well as in reducing the AHI in patients 
with OSA,(200) leading to resolution of OSA in 60-80% 
of patients with mild OSA and in 30-50% of those with 
severe OSA.(201) However, it is highly unlikely that the 
30-50% can be achieved in patients with severe OSA 
who are obese, are elderly, or have severe hypoxemia 
during sleep. Although CPAP has been shown to be 
more effective than are OAs in reducing the AHI and 
improving oxygenation, rates of treatment adherence 
can be higher for the latter.(202) Respiratory variables 
should be assessed in order to confirm the efficacy 
of treatment with OAs. Although the use of OAs can 
lead to changes in dental occlusion, it does not lead 
to significant skeletal changes. Their use can also 
cause temporary discomfort in the temporomandibular 
joint, masticatory muscles, or both, especially at 
the beginning of treatment. Side effects, including 
occlusal changes and pain, rarely lead to treatment 
discontinuation.(200,203)

Assessment and (clinical or surgical) treatment 
of nasal obstruction play an essential role in the 
management of OSA. Although nasal surgery alone 
does not have a consistent, significant effect of 
decreasing the AHI,(59) it can be used as an adjuvant 
treatment to improve adherence to CPAP.(204) 

Surgical treatment is indicated for selected patients 
with OSA and is often recommended for those 

who cannot tolerate CPAP treatment.(205) The most 
commonly performed procedures involve removal of 
UA soft tissues and include uvulopalatopharyngoplasty, 
tongue base surgery, and lateral pharyngeal wall 
surgery. Because uvulopalatopharyngoplasty has a 
low success rate, new surgical techniques have been 
described and used, including lateral pharyngoplasty 
and expansion sphincter pharyngoplasty. However, 
there is no consensus regarding the best surgical 
technique and additional studies are needed in order 
to establish long-term efficacy.(205) 

Maxillomandibular advancement surgery is 
indicated in specific cases of maxillomandibular 
disproportion, its reported rate of success—defined 
as a > 50% reduction in the AHI after surgery (to 
< 20 events/h)—being 85.5%.(206) Despite that high 
success rate, maxillomandibular advancement surgery 
is a major surgical procedure requiring postoperative 
follow-up. (206) In addition, because there are not enough 
studies confirming that it is effective, it should be 
recommended with caution and only after evaluation 
by a surgeon with experience in OSA. 

Hypoglossal nerve stimulation is a recently described 
surgical procedure aimed at increasing pharyngeal 
dilator muscle tone.(207) However, the procedure has 
yet to be approved for use in Brazil and is not yet 
even available in the country. It consists in placing 
an electrode around the hypoglossal nerve, a sensor 
between the intercostal muscles to detect inspiratory 
effort, and a pulse generator in the chest wall. 
Hypoglossal nerve stimulation has been reported to 
lead to a significant decrease in the median AHI at 
12 months (from 29.3 events/h to 9.0 events/h).(207) 
However, because it is a surgical procedure, appropriate 
patient selection is required, and drug-induced sleep 
endoscopy can aid in excluding the procedure as a 
treatment option.(208) 

Bariatric surgery is the most effective and long-
lasting treatment for obesity, reducing the risk of 
obesity-related comorbidities, as well as significantly 
reducing the number of obstructive respiratory events, 
improving oxygenation, and reducing mortality.(209-211) 
Among patients with class III obesity (BMI > 40 kg/
m2) who undergo bariatric surgery, those with OSA 
appear to be at an increased risk of perioperative and 
postoperative complications.(212,213) Bariatric surgery 
effectively reduces body weight and significantly 
improves OSA, which can resolve completely in 
patients undergoing the procedure.(214,215) 

Myofunctional therapy can also be used as an adjunct 
in the management of OSA.(216) This treatment modality 
consists of exercises targeting oral and oropharyngeal 
structures, and can lead to a reduction in the AHI in 
approximately 50% of patients with OSA.(216,217) In 
addition, it can improve oxygenation, snoring, and 
EDS,(216,217) and it can be used as an adjunct to other 
therapies.(217) 

It is of note that the treatment of OSA is becoming 
more targeted to specific phenotypes, including 
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compromised UA anatomy (UA narrowing/collapse), UA 
dilator muscle dysfunction, low arousal threshold, and 
unstable ventilatory control (high loop gain), with the 
objective of increasing the therapeutic response.(25,218) 
However, analysis of the aforementioned phenotypes 
is currently unfeasible in clinical practice, requiring 
specialized equipment and methods.(25,218) 

HYPOVENTILATION SYNDROMES

Hypoventilation is defined as an increase in PaCO2 
to a level above the normal value of 45 mmHg in 
individuals at rest and awake.(219) Chart 11 shows 
the diseases that are most commonly associated with 
sleep hypoventilation. Although no single specific 
test can determine the cause of hypoventilation, 
the combined use of clinical assessment, physical 
examination, and ancillary tests (arterial blood gas 
analysis, pulmonary function tests, radiological 
evaluation, nocturnal oximetry, and PSG) can aid in 
identifying the etiology.(220) 

Obesity hypoventilation syndrome
Obesity hypoventilation syndrome (OHS) is defined 

as a combination of obesity (a BMI ≥ 30 kg/m2) and 
daytime PaCO2 > 45 mmHg at sea level in the absence 
of an alternative cause for hypercapnia, including 
lung disease, neuromuscular disease, metabolic 
disorders, and chest wall disease.(221-223) The AASM 
defines sleep hypoventilation as follows(123): PaCO2 
(or transcutaneous/expired CO2 as a surrogate) > 
55 mmHg for ≥ 10 min during sleep; or an increase 
in PaCO2 > 10 mmHg (in comparison with an awake 
supine value) to a value exceeding 50 mmHg for ≥ 
10 min. In children, hypoventilation is defined as an 
increase in PaCO2 (or a surrogate) > 50 mmHg for 
> 25% of total sleep time.(123) Approximately 90% 
of patients with OHS also have OSA because obesity 
is a risk factor for both, the former also being known 
as hypercapnic OSA; in the 10% who do not have 
OSA, the sleep hypoventilation is not explained by 
episodes of apnea or hypopnea.(221-223) 

Unlike patients with OSA alone, patients with 
OHS can present with dyspnea, leg edema, daytime 
hypoventilation, signs of cor pulmonale, and facial 
plethora,(221-223) as well as nocturnal OSA-related 
symptoms such as snoring, gasping/choking, and 
witnessed episodes of apnea. 

An SpO2 < 93% and a venous serum bicarbonate 
concentration ≥ 27 mEq/L are suggestive of OHS,(223) 
and the differential diagnosis requires arterial blood gas 
analysis; pulmonary function testing and respiratory 
muscle strength (MIP and MEP) measurements; chest 
X-ray; electrocardiography; thyroid function testing; 
and PSG.

In patients with OHS, hypercapnia is multifactorial, 
including increased work of breathing; reduced 
central response to hypercapnia and hypoxemia; and 
reduced leptin activity. In comparison with other obese 
individuals, patients with OHS have decreased lung 
compliance, decreased functional residual capacity, 
and increased pulmonary resistance.(224) 

The cornerstone of OHS treatment is weight loss, 
which can be achieved with bariatric surgery. Patients 
with OHS can benefit from CPAP treatment, which 
improves alveolar ventilation by reducing UA resistance, 
relieving respiratory muscle load, increasing central 
respiratory activity, or any combination of the three. 
Adult patients with OHS and concurrent severe OSA 
(AHI ≥ 30 events/h) presenting with stable chronic 
respiratory failure can be initially treated with CPAP 
rather than noninvasive ventilation (NIV).(222) It is of 
note that more than 70% of patients with OHS have 
severe OSA.(222) Therefore, this recommendation is 
applicable to the majority of patients with OHS. (222) 
However, there is less certainty in OHS patients 
without concomitant severe OSA.(222) Improvements 
in hypercapnia might be achieved more slowly 
with CPAP than with NIV during the initial weeks of 
treatment. (222) Patients with a higher degree of initial 
ventilatory failure, poorer lung function, advanced 
age, or OSA that is less severe might be less likely 
to respond to CPAP treatment.(222) Despite treatment 
adherence, hypercapnia and hypoxemia can persist 
in 20-50% of patients with OHS; in such cases, a 
switch to BiPAP is usually the next step.(224) Treatment 
with diuretics, medroxyprogesterone, acetazolamide, 
oxygen therapy alone, or tracheostomy is not currently 
recommended.(223) 

Hypoventilation syndrome caused by 
neuromuscular disease

Several neuromuscular diseases can cause 
respiratory muscle weakness, affecting children and 
adults (Chart 11). Although those diseases differ in 
their pathogenesis, treatment, and course, the final 

Chart 11. Major diseases associated with hypoventilation in sleep.

• Ventilatory control disorders: CCHS, brain injury (e.g., stroke, infection, and tumor), medication-induced 
disturbances, idiopathic alveolar hypoventilation

• Neuromuscular diseases: amyotrophic lateral sclerosis, poliomyelitis, Guillain-Barré syndrome, myasthenia gravis, 
spinal muscular atrophy, Lambert-Eaton myasthenic syndrome, botulism, muscular dystrophies (e.g., Duchenne and 
Becker), and inflammatory myopathies (e.g., dermatomyositis and polymyositis)

• Chest wall diseases: kyphoscoliosis, sequelae of thoracoplasty, fibrothorax, and OHS

• Lung diseases: COPD, overlap syndrome, and cystic fibrosis
Adapted from various previous studies.(219,220) CCHS: congenital central hypoventilation syndrome; and OHS: 
obesity hypoventilation syndrome.
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common pathway is respiratory muscle weakness 
resulting in alveolar hypoventilation.(220) Although 
PSG with capnography is essential for assessing sleep 
in patients with neuromuscular disease, a night in a 
sleep laboratory can be especially difficult for such 
patients, particularly if they require a personal care 
assistant. (225) The approach to these patients includes 
treating ventilatory muscle dysfunction, ineffective 
cough, and swallowing dysfunction, with the objective 
of protecting the airways.(225) The objective of NIV is 
to stabilize the decrease in vital capacity, to correct 
hypoxemia/hypercapnia, and to improve quality of 
life.(226) For patients with neuromuscular disease, 
NIV is considered the best treatment, and oxygen 
therapy (with NIV) should be provided only in cases 
in which NIV alone is unable to correct hypoxemia. 
The combined use of NIV and oxygen therapy leads 
to an improvement in survival in comparison with the 
use of oxygen therapy alone,(226,227) and these patients 
should not receive oxygen therapy without ventilatory 
support, because it could worsen hypoventilation. 

Congenital central hypoventilation syndrome
Congenital central hypoventilation syndrome 

(CCHS), also known as “Ondine’s curse”, is a rare 
condition characterized by disordered respiratory 
control. In addition to an abnormal respiratory drive, 
clinical manifestations include aganglionic megacolon, 
neural crest tumors, and autonomic nervous system 
abnormalities, including impaired heart rate control, 
impaired swallowing, gastroesophageal reflux, pupillary 
abnormalities, hypotonia, and profuse sweating.
(219) The symptoms of CCHS typically appear in the 
first year of life, and diagnosis requires persistent 
evidence of hypoventilation in the absence of heart 
disease, lung disease, or neuromuscular disease.(219) 
Although CCHS primarily affects children, a small 
population of adults with mild, previously undetected 
CCHS has been identified.(220) The treatment of CCHS 
is based on ventilatory support.(228) Although NIV is 
ventilatory support of choice, electric stimulation of 
the diaphragm can also be used.(229,230) 

Hypoventilation syndrome caused by lung 
disease

Individuals with COPD are particularly prone to 
nocturnal hypoventilation, especially during REM 
sleep, due to loss of muscle tone and of accessory 
muscle function. In addition, many such patients show 
hyperinflation, which reduces diaphragmatic efficiency. 
Hypoventilation is exacerbated by reduced ventilatory 
responsiveness to CO2 during sleep, resulting in 
nocturnal oxygen desaturation and predisposing to 
pulmonary hypertension, cardiac arrhythmias, and 
reduced sleep quality, as well as being a marker of 
increased mortality. 

In patients with COPD, resting daytime hypoxemia, 
and evidence of right ventricular dysfunction, oxygen 
therapy reduces mortality, reduces exacerbations, and 
improves quality of life, a greater number of hours of 

use translating to a greater benefit.(89,231,232) There is 
no consensus as to whether patients with nocturnal 
oxygen desaturation alone should use oxygen therapy 
or NIV.(89,231,232) 

Patients with overlap syndrome have more significant 
nocturnal hypoventilation, as well as greater hypoxemia 
and hypercapnia, than do those with COPD or OSA 
alone.(231) The standard treatment for overlap syndrome 
is CPAP because it relieves UA obstruction, relieves the 
respiratory muscles, reduces hypoventilation, reduces 
oxygen consumption, and reduces CO2 production 
by the respiratory muscles.(232) Because CPAP alone 
might not be able to correct hypoxemia fully, oxygen 
therapy is also required.(231,232) 

CENTRAL SLEEP APNEA

It is known that CSA is much less common than 
is OSA.(233) Central apnea is the cessation of airflow 
with no respiratory effort; patients with an AHI ≥ 
5 events/h, more than 50% of which are central 
respiratory events, are classified as having CSA.(233,234) 
Home polygraphs have yet to be validated for use in 
the diagnosis of CSA, PSG therefore  continuing to 
be the gold standard.(234) 

On the basis of its pathophysiology, CSA can be 
divided into two groups(235): eucapnic CSA (the more 
common of the two, being accompanied by Cheyne-
Stokes respiration and affecting patients with heart 
failure, acute ischemic stroke, and periodic breathing at 
high altitude); and hypercapnic CSA (which is observed 
in individuals with neuromuscular disease, rib cage 
abnormalities, or opioid intoxication). Hypercapnic 
CSA arises from changes in the respiratory center, 
chemoreceptors, or skeletal muscles, leading to 
hypoventilation.(235,236) In contrast, eucapnic CSA 
is caused by instability in the regulatory pathways 
that control ventilation(235,236): disturbances such as 
hypoxemia or transitions from wakefulness to sleep 
are associated with periods of hyperventilation, which 
lead to increased minute ventilation and subsequent 
decreases in PaCO2. When PaCO2 falls below the 
apnea threshold, as determined by the central 
chemoreceptors, a central apnea occurs.(235,236) 

Heart failure is perhaps the condition that is most 
commonly associated with CSA (or, more specifically, 
with Cheyne-Stokes respiration).(234) In a cross-
sectional analysis of the Sleep Heart Health study, 
the overall prevalence of CSA in patients with heart 
failure was found to be 0.9%, and approximately 
half of the patients with CSA also had Cheyne-Stokes 
respiration.(237) Although Cheyne-Stokes respiration 
can occur during wakefulness and during sleep, it 
is more common during the latter: when Cheyne-
Stokes respiration occurs during sleep, it is a form 
of CSA with prolonged hyperpnea and denotes low 
cardiac output.(234) The diagnostic criteria for Cheyne-
Stokes respiration include at least three consecutive 
episodes of central apnea or hypopnea separated 
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by crescendo-decrescendo respirations with a cycle 
length of at least 40 s.(234) 

Initial population-based studies reported that 
approximately 40% of men with systolic heart failure 
had CSA, and subsequent studies, some of which also 
included women, showed similar proportions. (238,239) 
Central events occur most frequently during the lighter 
stages of non-REM sleep, particularly after arousals 
and sleep stage changes.(238) 

A form of Cheyne-Stokes respiration can also be 
observed during periodic breathing at high altitude. 
Altered breathing during non-REM sleep commonly 
occurs in this situation because of changes in neural 
signaling caused by hypoxia (attributed to a decrease in 
FiO2) and hyperventilation-induced alkalosis. Although 
this can occur at elevations as low as 1,400 m, it rarely 
causes symptoms at elevations below 2,500 m.(240) 

Although stroke has been considered a risk factor 
for CSA, an analysis of central and obstructive events 
in patients with stroke shows that OSA is much more 
common than is CSA in such patients.(241,242) Opioid 
intoxication is another risk factor for CSA because 
opioids decrease central and peripheral responsiveness 
to hypoxemia and hypercapnia during wakefulness 
and sleep.(243) Although the exact mechanism of CSA 
caused by chronic opioid use has yet to be understood, 
it might be partly due to a change in respiratory drive 
caused by reduced chemoreceptor sensitivity. The 
most common sleep-related disorder in chronic opioid 
users is CSA because although chronic opioid use can 
lead to worsening of obstructive events, it plays a 
greater role in the development of central events.(244) 

The mainstay of the treatment of hypercapnic 
and eucapnic CSA is optimization in relation to the 
underlying cause.(234) For patients with an AHI > 15 
events/h (with a predominance of central events) 
and significant symptoms, CPAP can be used.(245) If a 
decision is made to initiate positive pressure therapy, 
CPAP is the preferred choice because it has led to 
improvements in patients with heart failure. (246,247) 
The addition of oxygen therapy is indicated if PSG 
demonstrates episodes of nocturnal desaturation 
associated with central events.(234) If symptoms persist 
despite initiation of CPAP treatment or if patients cannot 
tolerate that treatment, other positive pressure modes 
can be used.(234) The most important determining 
factor of which mode to use in the treatment of CSA 
associated with heart failure is the ejection fraction; 
in patients with an ejection fraction < 45%, it remains 
unclear what the optimal treatment is. One study(248) 
showed that adaptive servo-ventilation should not 
be used in patients with an ejection fraction ≤ 45%, 
because, in comparison with guideline-based medical 
treatment alone, it was found to increase all-cause 
mortality (35% vs. 29%; hazard ratio, 1.28; 95% 
CI: 1.06-1.55) and cardiovascular mortality (30% 
vs. 24%; hazard ratio, 1.34; 95% CI: 1.09-1.65). 

Oxygen therapy (if needed) combined with 
optimization of heart failure treatment can be the 

optimal approach for patients with CSA.(234) Adaptive 
servo-ventilation and BiPAP with a backup rate are 
available treatment options for patients who have an 
ejection fraction > 45% and who cannot tolerate CPAP 
treatment.(234) It has recently been shown that phrenic 
nerve stimulators ensure stable ventilation, improving 
physical performance and reducing hypoxemia.(249) 

OBSTRUCTIVE SLEEP APNEA IN CHILDREN

In children, SDB ranges from primary snoring to OSA 
(Chart 12).(250) The estimated overall prevalence of OSA 
in children (of any age) is 1-4%, being significantly 
higher in obese children.(251) The incidence of OSA 
in children peaks between 2 and 8 years of age, 
which is the age range in which the pharyngeal and 
palatine tonsils are largest in relation to the UAs. It 
tends to be more common in children with a family 
history of OSA, in those of African or Asian descent, 
and in those with clinical conditions that lead to UA 
obstruction; those with craniofacial abnormalities; 
and those with lysosomal storage disorders.(251,252) 

The pathophysiology of OSA in children is similar 
to that of OSA in adults in that UA narrowing occurs 
during sleep as a result of decreased muscle tone 
and, consequently, increased UA resistance caused by 
loss of the wakefulness stimuli. In pediatric patients, 
OSA is probably due to a combination of changes in 
UA structure and reduced neuromuscular control, 
together with genetic, hormonal, inflammatory, 
metabolic, and environmental factors (exposure to 
smoking and environmental pollution).(252,253)

The main predictors of OSA are snoring, witnessed 
episodes of apnea, and restless sleep. Screening for 
OSA in children should include questions regarding the 
following(250,254): snoring (frequency, intensity, body 
position, persistence, and association with respiratory 
effort); behavior during sleep and upon waking; sleep 
position; enuresis; recurrent UA infections; mouth 
breathing; school performance; emotional lability; 
and comorbidities.

In the physical examination of children with suspected 
OSA, the following aspects should be investigated(253): 
height and weight (because children with OSA tend 
to present with growth impairment and weigh less 
than expected for their age); evidence of chronic 
UA obstruction (signs of mouth breathing); enlarged 
palatine tonsils (in the transverse and anteroposterior 
diameters); craniofacial features (long, narrow facial 
features, receding chin, retrognathia, high-arched 
palate, elongated soft palate, and malocclusion); and 
signs of right ventricular overload and hypertension. 
Because the prevalence of OSA is high in patients with 
syndromes, neuromuscular disorders, and craniofacial 
(skeletal or soft-tissue) abnormalities, such patients 
should be carefully evaluated.(250) 

For the diagnosis of OSA and the monitoring of 
patients under treatment for OSA, the standard 
test is PSG performed in a sleep laboratory. Infants 
≤ 6 months of age can undergo daytime PSG (the 
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recommended recording time being 3-4 h). Unlike 
adult OSA, pediatric OSA can be diagnosed on the 
basis of 1 event/h of sleep, 1.5 events/h of sleep, or 
2 events/h of sleep. An obstructive AHI > 5 events/h 
indicates moderate OSA, and an obstructive AHI ≥ 
10 events/h indicates severe OSA.(250) In adolescents, 
OSA is diagnosed on the basis of the same criteria 
as those used for the diagnosis of OSA in adults 
because specific criteria have yet to be established. (255) 
Evaluation of CO2 during PSG, by capnography or 
transcutaneous monitoring, plays an important role 
in identifying hypoventilation in children.(133) Although 
CO2 measurement is highly recommended, it is not 
currently widely available in Brazil because there is 
a lack of CO2 measurement devices approved for use 
by the Brazilian National Health Regulatory Agency. 
Although home sleep monitoring remains controversial, 
it has been used in settings in which access to PSG 
is limited and the results have been promising.(250)

Pediatric PSG should be performed in the following 
situations(250): in children with symptoms of obstructive 
SDB before undergoing adenotonsillectomy, particularly 
in those with obesity, craniofacial abnormalities, 
neuromuscular disorders, or complex abnormalities 
(e.g., Chiari malformation, Down syndrome, and 
Prader-Willi syndrome), as well as in those in whom 
the need for treatment is unclear; in patients with 
persistent symptoms of OSA despite having undergone 
adenotonsillectomy; in those presenting with moderate-
to-severe OSA in the preoperative period; and in those 
presenting with obesity, craniofacial abnormalities, 
neuromuscular disorders, or complex abnormalities 
(e.g., Chiari malformation, Down syndrome, and 
Prader-Willi syndrome); and before and after OSA 
treatment with rapid maxillary expansion, OAs, 
CPAP, or NIV.

Ancillary tests such as fiberoptic laryngoscopy, 
cephalometry, CT of the facial bones followed by 
three-dimensional reconstruction of the images, 
spirometry, and arterial blood gas analysis can be 
used depending on the clinical context. In patients 
with severe abnormalities who are candidates for 
surgery, echocardiography for assessment of the 
right heart and detection of pulmonary hypertension 
can be indicated.

Surgery (adenotonsillectomy) is still the treatment 
of first choice for patients with lymphoid tissue 
hypertrophy. (253) However, surgical treatment is more 
likely to fail or only partially succeed in infants, obese 

children, patients with genetic disorders that result in 
craniofacial abnormalities, and patients with severe 
OSA.(252) 

Postoperative respiratory complications have 
been reported to be common in children with 
severe OSA, those < 3 years of age, and those with 
comorbidities. Such children should be continuously 
and noninvasively monitored for oxygen and CO2 levels, 
preferably in the ICU.(253) Surgical procedures such as 
mandibular distraction osteogenesis, maxillomandibular 
advancement, and, in extreme cases, tracheostomy can 
be performed, especially in patients with craniofacial 
abnormalities. At some referral centers, bariatric 
surgery has been performed, albeit rarely, in obese 
adolescents. 

In individuals with OSA, other treatment approaches 
can be used in isolation or in combination with 
adenotonsillectomy, including the use of topical nasal 
corticosteroids or leukotriene receptor antagonists; 
weight loss diets; orofacial myofunctional therapy; 
orthodontic and dentofacial orthopedic treatment; and 
CPAP. Older children and adolescents with OSA can 
have clinical characteristics that are similar to those 
of adults, the recommended therapeutic approach 
therefore being similar.(57)

There is increasing evidence of the cardiac impact 
of inadequately treated OSA, including hypertension, 
tachycardia, increased heart rate variability, right 
ventricular dysfunction, and pulmonary hypertension. 
Great emphasis has been given to neurocognitive 
impairments, with evidence that OSA can affect mood, 
language skills, visual perception, and memory.(252) 
The most significant neurocognitive and cardiovascular 
sequelae are described in Chart 13. 
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Chart 12. Characteristics of sleep-disordered breathing in children.

• Primary snoring: that occurring at least three nights/week without obstructive events, gas exchange abnormalities, 
or frequent arousals
• UA resistance syndrome: characterized by periods of increased UA resistance and increased work of breathing during 
sleep, accompanied by snoring and sleep fragmentation
• Obstructive hypoventilation: that resulting from snoring and hypercapnia in the absence of recognizable obstructive 
events
• Obstructive sleep apnea: characterized by episodes of partial or complete UA obstruction, interrupting ventilation 
during sleep and disrupting the normal pattern of sleep
Adapted from Kaditis et al.(250) UA: upper airway. 
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Neurological
Excessive daytime sleepiness
Attention deficit/hyperactivity
Cognitive deficit/learning difficulty
Behavioral problems

Cardiovascular
Hypertension (systemic)
Pulmonary hypertension and cor pulmonale
Adapted from Kaditis et al.(250)
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