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Continuous positive airway 
pressure for the treatment of 

obstructive sleep apnea
Presiunea pozitivă continuă a căilor aeriene pentru tratamentul  

apneei în somn de tip obstructiv

Apneea în somn de tip obstructiv reprezintă o succesiune de 
obstrucţii parţiale sau complete a căilor aeriene superioare, în 
condiţiile existenţei efortului respirator şi constituie un factor 
de risc pentru bolile cardiovasculare. Sindromul de apnee în 
somn de tip obstructiv (SASO) este caracterizat prin ocluzie 
recurentă parțială sau totală a faringelui, fragmentarea 
somnului, episoade de gasping, și, în cele din urmă, somnolență 
în timpul zilei. În cazul în care este lăsat netratat, SASO 
poate duce la hipertensiune arterială, boli coronariene, boli 
cardiace congestive, rezistența la insulină și deces. În această 
recenzie, vom descrie patogeneza și diagnosticul SASO. De 
asemenea, ne-am concentrat pe presiunea pozitivă continuă 
a căilor respiratorii (CPAP), ca principală terapie pentru 
SASO. S-a demonstrat că CPAP oferă beneficii nu numai 
pentru sistemul respirator, dar, de asemenea, pentru sistemul 
cardiovascular și sistemul metabolic. În final, am discutat 
pe scurt despre problema aderenței la CPAP, care ar putea 
contribui la complianță redusă a pacientului cu SASO.
Cuvinte‑cheie: apnee obstructivă în somn, 
presiune pozitivă continuă a căilor aeriene

Abstract Rezumat

Obstructive sleep apnea (OSA) is a recurrent episode 
of partial or complete upper airway obstruction 
during sleep despite ongoing respiratory efforts and is 
implicated as the risk factor of cardiovascular disease. 
The OSA syndrome is typified by recurring partial or 
total occlusion of the pharynx, sleep fragmentation, 
episodes of gasping, and, eventually, daytime 
sleepiness. If it is left untreated, OSA syndrome can 
cause hypertension, coronary artery disease, congestive 
heart disease, insulin resistance and death. In this 
review, we describe the pathogenesis and diagnosis 
of OSA. We also focused on the continuous positive 
airway pressure (CPAP) as the main therapy for OSA. 
CPAP has been shown to provide benefit for not only 
respiratory system, but also for cardiovascular system 
and metabolic system. Finally, we discussed briefly 
about the issue of adherence of using CPAP that could 
contribute to lower compliant in patient with OSA.   
Keyword: obstructive sleep apnea, 
continuous positive airway pressure

Introduction
Sleep is key to maintaining the body’s vital functions. The 

American Academy of Sleep Medicine (AASM) and Sleep 
Research Society (SRS) stated that sleeping less than 7 hours 
per night on a daily basis resulted in increased risk of weight 
gain and obesity, diabetes, hypertension, heart disease, 
stroke, depression, death, impaired immune function, pain, 
impaired performance, increased errors, and greater risk of 
accidents(1-3). As a common sleep related disorder, obstructive 
sleep apnea (OSA) is becoming a significant health problem 
worldwide. In the general adult population, the prevalence of 
OSA defined by ≥5 apnea and hypopnea events per hour of 
sleep associated with excessive sleepiness is approximately 
3-7% in men and 2-5% in women(4). OSA was commonly found 
in people with excess body weight(5,6), advancing age(7), and 
men(8). The other risk factors that have been studied contrib-
uting in the development of OSA are family history(9), while 
modifiable risk factors of OSA include nasal congestion, 
smoking, alcohol, and estrogen depletion in menopause(10). 
Recent evidence suggests that increased size of the pharyn-
geal lymphoid tissue, instead of enlargement of the upper 
airway soft tissue structures, is the primary anatomic risk 

factor for OSAS in obese adolescents(11). The incidence of OSA 
in snoring patients is reported in the literature to range from 
20% to 70%(12). Moreover, snoring intensity correlates with 
the severity of OSA(13). However, other studies have shown 
that nocturnal gasping or choking is the most reliable indica-
tor of obstructive sleep apnea, whereas snoring is not very 
specific(14). Several symptoms are described in obstructive 
sleep apnea OSA, including excessive daytime sleepiness, 
depressive mood, neurocognitive dysfunction, low level of 
physical activity and reduced quality of life(15). Strikingly, 
there are health related conditions implicated with OSA, such 
as motor vehicle accidents, hypertension, insulin resistance, 
and cardiovascular diseases, are now emerging(16). 

Definitions 
By definition, sleep apnea is a cessation of airflow at the 

nose and mouth during sleep(17). Sleep apnea syndrome (SAS) 
is characterized by repetitive episodes of cessation of breath-
ing during sleep, resulting in hypoxemia and sleep disrup-
tion(18). There are two types of SAS: obstructive sleep apnea 
syndrome (OSAS) and central sleep apnea syndrome (CSAS). 
In OSA, airflow ceases because of occlusion of the upper 

Abbreviation: AHI, apnea-hypopnea index; APAP, automatic self-adjusting positive airway pressure; BiAP, bilevel 
positive airway pressure; CPAP, continuous positive airway pressure; MWT, maintenance of wakefulness test; ESS, 
Epworth Sleepiness Scale; OSA, obstructive sleep apnea; RDI, respiratory disturbance index; SAS, sleep apnea syndrome. 
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airway at the oropharyngeal level despite continued activa-
tion of the inspiratory muscle, meanwhile in CSA, airflow 
ceases because drive to respiratory muscle is transiently 
abolished(17). OSA is the occurrence of an average five or more 
episodes of obstructive respiratory events per hour of sleep 
with either sleep related symptoms or comorbidities or ≥ 15 
such episodes without any sleep related symptoms or comor-
bidities(19). OSAS is defined as OSA associated with daytime 
symptoms, most often excessive sleepiness(20). 

Pathogenesis of OSA
OSA is a common disorder characterized by repetitive col-

lapse or obstruction of the pharyngeal airway during sleep(21). 
The most common site of obstruction was at the level of the 
oropharynx, with extension to the laryngopharynx(22). Control 
of pharyngeal patency is a complex process relating primarily 
to basic anatomy and the activity of many pharyngeal dilator 
muscles and control of these muscles is regulated by a number 
of processes including respiratory drive, negative pressure 
reflexes, and state (sleep) effects(23). Individual variability in 
several phenotypic characteristics may ultimately determine 
who develops apnea and how severe the apnea will be. These 
include: (1) upper airway anatomy, (2) the ability of upper 
airway dilator muscles to respond to rising intra-pharyngeal 
negative pressure and increasing CO2 during sleep, (3) arousal 
threshold in response to respiratory stimulation, and (4) loop 
gain (ventilatory control instability)(24). More than half of OSA 
patients can be classified as supine-related OSA, which is being 
attributable to unfavorable airway geometry, reduced lung 
volume, and an inability of airway dilator muscles to adequate-
ly compensate as the airway collapses(25).

If it is left untreated, OSA could cause serious complica-
tions related to heart and vascular diseases, such as hyperten-
sion(26), coronary heart disease(27), stroke(28), and congestive 
heart disease(29). The acute haemodynamic and autonomic 
perturbations that accompany obstructive apneas during 
sleep, with associated repeated arousals and intermittent 
hypoxemia, appear to result in sustained hypertension(26). OSA 
appears to predispose individuals to autonomic imbalance 
characterized by increased sympathetic tone and altered 
baroreflex mechanisms as well as vascular dysfunction(30). As 
for the risk of arrhythmia, it is said that subjects with severe 
OSA often have a much higher prevalence of atrial fibrillation, 
non-sustained ventricular tachycardia and complex ectopic 
excitation compared with individuals without OSA(31).

Diagnosis of OSA
According to AASM, patients with the following conditions 

are at high risk for OSA and therefore should be evaluated for 
OSA symptoms: obesity (BMI > 35); congestive heart failure; 
atrial fibrillation; treatment of refractory hypertension; type 
2 diabetes; nocturnal dysrhythmias; stroke; pulmonary hyper-
tension; high-risk driving populations, and; preoperative for 
bariatric surgery(32). The gold standard for the diagnosis of OSA 
is polysomnography, a full overnight sleep study(33,34). In 
Indonesia, especially in major cities, there are emerging sleep 
centers equipped with polysomnography facility, both in gov-
ernment hospitals and private-owned hospitals. Components 
of polysomnography include electroencephalogram, electro-

myogram, electro-oculogram, respiration (flow, effort, oxygen 
saturation), snoring, and continuous-lead ECG(35). 
Polysomnography measures several sleep variables, one of 
which is the apnea-hypopnea index (AHI)(36). The AHI is defined 
as the sum of apneas and hypopneas per hour of sleep; apnea 
is defined as the absence of airflow for ≥ 10 seconds; and hypo-
pnea is defined as reduction in respiratory effort with ≥ 4% 
oxygen desaturation(36). The AHI has been widely used to diag-
nose OSA. Generally, an AHI of more than five events per hour 
of sleep is considered abnormal and the patient is considered 
to have a sleep disorder. An abnormal AHI accompanied by 
excessive daytime sleepiness is the hallmark for OSA diagno-
sis(36). Excessive daytime sleepiness is most frequently assessed 
using the Epworth Sleepiness Scale (ESS), a questionnaire that 
has participants rate his or her likelihood of falling asleep in 
eight different daily situations on a scale of 0 to 24, with higher 
scores indicating greater sleepiness (ESS ≤ 7, normal sleepiness)
(37). Maintenance of Wakefulness Test (MWT) measures the 
capacity of patient to remain awake in conditions ideal for fall-
ing asleep, i.e. quiet darkened room, and is useful in evaluating 
disability from daytime sleepiness(38,39). Portable sleep monitors 
may represent a feasible method for detecting OSA in high-risk 
urban minority populations(40). To determine the site of 
obstruction, for example to assist surgical intervention, several 
diagnostic procedures might be considered including lateral 
cephalometric radiographs, asleep fluoroscopy, CT, MRI, asleep 
and awake endoscopy, upper airway manometry, and acoustic 
reflection techniques(41).

Management of OSA
The first-line treatment for OSA, continuous positive air-

way pressure (CPAP), is highly efficacious in reducing sleep-
disordered breathing events(42). Oral appliances are indicated 
for use in patients with mild to moderate OSA who prefer oral 
appliances to CPAP, or who do not respond to CPAP or who fail 
treatment attempts with PAP or behavioural measures, while 
surgical treatment is recommended in patients who have failed 
or are intolerant to PAP therapy(43). Therefore, CPAP is recom-
mended as the first-line and oral appliances as second-line 
treatments for severe OSA patients(44). Other interventions 
may help patients with OSA, such as lateral sleep(45,46), exer-
cise(47,48), weight reduction(49,50), upper airway surgery(51).

In hypertensive patient with OSA, CPAP should be used in 
combination with antihypertensive medications because CPAP 
has the additional benefits of restoring nocturnal dipping and 
improving arterial stiffness(52). In one study, CPAP for 3 weeks 
were effective in providing additional decrease in office blood 
pressure (BP), ambulatory BP monitoring, central BP, and 
augmentation index, together with an improvement in arterial 
stiffness parameters, such as carotid-femoral pulse wave veloc-
ity (cfPWV) and ambulatory arterial stiffness index (AASI)(53).

Principles of positive airway pressure: Focus 
on continuous positive airway pressure

Currently, PAP devices come in three forms: (1) continu-
ous positive airway pressure (CPAP), (2) bilevel positive air-
way pressure (BiPAP), and (3) automatic self-adjusting 
positive airway pressure (APAP)(54). The physiological effects 
of CPAP therapy are as follows: splints the upper airway, 
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achieves positive intrathoracic pressure, decreases venous 
return, increases lung volume, decreases after- load, and 
increases cardiac output(55).

The pressure required to treat OSA can be determined 
during an in-laboratory titration study or the pressure can be 
adjusted automatically using device algorithms based on the 
characteristics of the airflow waveform to minimize abnormal 
breathing events(56). These automatically adjusted positive 
airway pressure (APAP) devices are available for CPAP (Auto-
CPAP) and BiPAP (Auto-BiPAP)(57). The American Academy of 
Sleep Medicine recommended the following steps during CPAP 
titrations(58): (1) Patient should be well informed about the 
purpose of CPAP, including hands-on demonstration, careful 
mask fitting, and acclimatization before titration. (2) CPAP 
should be increased until the apneas, hypopneas, respiratory 
effort-related arousals (RERAs), and snoring are eliminated 
or the maximum CPAP is reached. (3) The minimum starting 
pressure should be 4 cm H2O. (4) The recommended maxi-
mum CPAP should be 15 cm H2O for patients < 12 years, and 
20 cm H2O for patients > 12 years. (5) CPAP should be 
increased by 1 cm H2O per 5 min, with the goal of eliminating 
obstructive respiratory events. (6) CPAP should be increased 
from any CPAP level if at least 1 obstructive apnea is observed 
for patients < 12 years, or if at least 2 obstructive apneas in 
patients > 12 years. (7) CPAP should be increased from any 
CPAP level if at least 1 hypopnea is observed for patients < 12 
years, or if at least 3 hypopneas in patients > 12 years. (8) CPAP 
should be increased from any CPAP level if at least 3 RERAs 
are observed for patients < 12 years, or if at least 5 RERAs are 
observed for patients > 12 years. (9) CPAP may be increased 
from any CPAP level if at least 1 min of loud or unambiguous 
snoring is observed for patients < 12 years, or if at least 3 min 
for patients > 12 years. (10) If the patient is uncomfortable or 
intolerant of high pressures on CPAP, the patient may be tried 
on BiPAP. If there are continued obstructive respiratory events 
at 15 cm H2O of CPAP during the titration study, the patient 
may be switched to BiPAP. (11) The pressure of CPAP should 
reflect control of the patient’s obstructive respiration by a low 
(preferably < 5 per hour) AHI, SpO2 above 90%, and with a 
minimum leak. (12) An optimal titration reduces AHI < 5 for 
at least 15-min duration and should include supine uninter-
rupted REM sleep. (13) A good titration reduces AHI < 10 and 
should include supine uninterrupted REM sleep. (14) An 
adequate titration does not reduce the AHI < 10 but reduces 
the AHI by 75% from baseline (especially in severe OSA 
patients), or one in which the titration grading criteria for 
optimal or good are met with the exception that supine REM 
sleep did not occur at the selected pressure. (15) An unaccep-
table titration is one that does not meet any one of the above 
grades. (16) A repeat CPAP titration study should be consid-

ered if the initial titration does not achieve a grade of optimal 
or good and, if it is a split-night PSG study, it fails to meet 
AASM criteria (i.e., titration duration should be > 3 hr). To 
obtain optimal benefit, average use is about 5 to 6 h per night 
in most compliant patients(59).

Benefits of CPAP
When properly titrated, CPAP minimize the number of 

sleep-related breathing disorder events, often producing dra-
matic results, such as normalized sleep-related breathing, 
sleep microstructure may improve, and the patient may awak-
en feeling refreshed for the first time in years(60). The use of 
CPAP resulted in several benefits for organs system. For cir-
culation system, CPAP has been shown to provide better blood 
pressure(61), although it did not change the cardiac functional 
or structural parameters measured by echocardiogram(62). In 
metabolic disorders, CPAP increase the antioxidant level and 
reduce the oxidative stress.(63). In respiratory system, CPAP 
implicated in improvement of apnea-hypopnea index (AHI), 
oxygen desaturation index(64). CPAP therapy also improves 
quality of life, lessens depressive symptoms, and increased 
neurocognitive functions(65,66,67). 

Adherence to therapy is of major importance because CPAP 
is being used long term on a daily basis about 5-6 hours per 
night(68). With adherence rates ranging from 30–60%, it can 
be a significant limiting factor in treating OSA, reducing the 
overall effectiveness of the treatment and leaving many OSA 
patients at heightened risk for comorbid conditions(69). To 
enhance the patient compliance in using CPAP, the following 
aspect should be considered: education about the consequenc-
es of untreated OSA and the benefits of CPAP; assessment of 
social, psychological, and demographic factors that may con-
tribute to difficulty complying; addressing side effects such as 
nasal symptoms and equipment usability issues(70).

Conclusions 
OSA is a serious health problem because it can cause 

various diseases. Accumulating evidence revealed that OSA 
is associated with hypertension, arrhythmia, coronary 
artery disease, congestive heart failure, and stroke. The 
diagnosis of OSA requires polysomnography examination 
that measures apnea-hypopnea index (AHI) or respiratory 
disturbance index (RDI). The implications of daytime sleep-
iness due to OSA should be evaluated using well-established 
test including Maintenance of Wakefulness Test (MWT) 
and Epworth Sleepiness Scale (ESS). CPAP, although long-
term compliance with CPAP remains to be resolved, is still 
the main therapy for OSA and has provided benefits in 
organ systems such as cardiovascular system, respiratory 
systems and neurocognitive functions.    n
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