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Obstructive sleep apnea syndrome (OSAS) is the most 
common form of sleep-disordered breathing. Untreated 
OSAS is associated with an increase in comorbidities, 
mortality risk, health care costs, and traffic accidents (1). 
However, OSAS is susceptible to treatment by various 
approaches, the gold standard being the application of 
continuous positive airway pressure (CPAP), especially 
when OSA is severe and when it is associated with excessive 
daytime sleepiness (2). 

CPAP therapy has largely proven to be efficacious in 
reducing sleepiness, blood pressure values and cardio/
cerebrovascular risk, in particular when started in an 
early stage of the disease before the appearance of 
complications (primary prevention) and in patients who use 
the device for >4 hours per night (3,4), while the benefits 
of its implementation in secondary prevention are more 
controversial (5).

Regardless its efficacy, however, a number of patients 
do not tolerate CPAP ventilation, either for psychological 
reasons or due to different methods and treatment targets 
in CPAP titration (6-8). Optimizing adherence to CPAP 
therapy in patients with obstructive sleep apnea (OSA) 
is thus a major challenge for sleep specialists. It has been 
reported that only half of patients still adhere to prescribed 
CPAP treatment three months after initiating therapy (9). 

One particular condition recently described to be 
associated with poor compliance is “complex sleep apnea 
syndrome” (CompSAS). CompSAS is characterized by the 
development or persistence of central apneas or hypopneas 
during application of CPAP [central apnea index (CAI) 
≥5 events·h−1] in patients with predominantly obstructive 
apneas during the initial diagnostic sleep study. Moreover, 
emerging central apneas were also reported after initiation 
of oral appliance use, as well as after tracheostomy, 
maxillofacial surgery and after surgical relief of nasal 
obstruction (10). 

The prevalence of CompSAS appears to widely vary 
among different studies, ranging between 56% and 18%. 
However, the prevalence of CompSAS in a clinical setting 
is not so easy to define, given the dynamic features of this 
condition, with improvement or disappearance of this 
breathing pattern during sleep in some patients, and its  
de novo appearance in others. In general, CompSAS is more 
common in men, in the presence of more severe OSAS, and 
in patients with coronary artery disease or congestive heart 
failure, even if the available evidence on its occurrence is 
not very consistent (11-13).

Patients developing CompSAS do not show significant 
differences in age, level of daytime sleepiness (based on 
Epworth scale), lung function parameters (i.e., forced 
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expiratory volume in 1 s) or arterial blood gases as compared 
with patients not developing CompSAS. Moreover, based 
on the diagnostic sleep study, it is not possible to predict 
whether someone will develop CompSAS (14,15).

Some studies have shown that in the majority of patients 
with CompSAS, CAI lowers significantly during follow-
up, with improvement in sleep efficiency, a decrease in 
wake after sleep onset, and a lower number of arousals 
in comparison with the baseline diagnostic night (16). 
However, CPAP seems to be effective in some patients, 
while ineffective in others; CompSAS may develop de novo 
in 4% of OSAS patients treated with CPAP during follow 
up (17). Very few data are available on CPAP compliance, 
but there are suggestions that CompSAS patients may have 
a lower effect of CPAP on sleep as well as on breathing 
parameters, more dyspnea, poorer CPAP adherence and 
more often report spontaneous removal of the mask at  
night (18).

A recent work by Liu et al. (19) explored trajectories 
of treatment-emergent central sleep apnea (CSA) during 
CPAP therapy, obtained through the analysis of a CPAP 
database of 133,006 patients from the U.S. telemonitoring 
device data-AirView, who used CPAP for ≥90 days and 
had ≥1 day with use of ≥1 h in week 1 and week 13. After 
the analysis of the presence/absence of emergent CSA at 
baseline (week 1) and week 13, four groups were defined as 
follows: OSA (average CAI <5/h in week 1, <5/h in week 
13); transient CSA (CAI ≥5/h in week 1, <5/h in week 13); 
persistent CSA (CAI ≥5/h in week 1, ≥5/h in week 13); 
emergent CSA (CAI <5/h in week 1, ≥5/h in week 13). 
Patients with CSA during CPAP therapy were older, had 
higher residual AHI and CAI; patients with emergent CSA 
also had significantly higher air leak during CPAP in the 
first 90 days.

Compliance to CPAP, reflected by average number of 
daily usage hours in the first 90 days, was lower in those 
who did vs. those who did not develop CSA during CPAP 
therapy: mean average use was 5.97 h/d (95% CI, 5.96–5.98) 
in those without CSA, 5.75 h/d (5.68–5.83) in those with 
transient CSA, 5.87 h/d (5.75–5.99) in those with persistent 
CSA, and 5.66 h/d (5.52–5.80) in patients with emergent 
CSA. Additionally, patients with any CSA during CPAP 
were significantly more likely to terminate therapy after  
90 days compared with those who did not develop CSA.

The estimated probability of continuing CPAP therapy 
on day 300 was 83% for the OSA group, and 79%, 76% 
and 72% for the transient CSA, persistent CSA and 
emergent CSA groups, respectively. The authors are to be 

commended for these results that included a large sample of 
patients from real-life, further providing 1-week assessment 
windows and repeated measures based on telemonitoring 
data. Nonetheless, some limitations of this study need to 
be acknowledged. In particular, information on baseline 
AHI and type of sleep study conducted for titration (full 
night titration vs. split night), anthropometric parameters, 
comorbidities or drug treatment changes that may have 
influenced the reported prevalence rates of CSA, is not 
reported. Moreover, the population was heterogeneous 
in terms of treatment, including both patients using Auto 
CPAP and fixed CPAP; and the ventilatory parameters 
during sleep have been obtained from a ventilatory support 
device rather than from a polysomnographic study. 

But how to deal with these results? How to interpret 
them in the perspective of more efforts needed to increase 
compliance and efficacy of CPAP therapy? Liu et al. 
conducted an epidemiological work that raises questions 
more than providing answers. Some explanation for their 
results might only be inferred from pathophysiological 
reasoning, an issue, however, that might need to be 
specifically addressed in future studies. Indeed, the 
pathogenesis of CompSAS is not fully clarified and is likely 
related to a complex combination of reflex mechanisms 
(Figure 1). In particular, it might be hypothesized that 
(mal)adaptive responses to chronic intermittent upper 
airway obstruction during sleep (including, but not 
limited to, the development of diastolic heart failure, fluid 
overload and chemoreflex desensitization) may predispose 
to ventilatory control instability (20). However, such 
instability of ventilatory control may not become apparent 
until correction of obstructive events by CPAP, since upper 
airway obstruction may represent a stronger stimulus to 
maintain ventilation, “paradoxically” overriding instability 
in these control mechanisms. 

A similar scenario has been recently described for 
ventilatory control during exercise in patients with post-
capillary pulmonary hypertension due to left heart disease, 
a condition normally characterized by a high prevalence 
of exercise oscillatory breathing. In this context, the 
superposition of a pre-capillary component to pulmonary 
hypertension (as defined by a combination of increased 
pulmonary vascular resistance and pulmonary vascular 
pressure gradients) is associated with right heart chamber 
stretch and steeper ventilatory responses to exercise. The 
latter seems to override ventilatory control instability, being 
thus associated with less than expected exercise oscillatory 
breathing (21).
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More in detail, several reflex mechanisms might step-
in to explain ventilatory control instability leading to 
CompSAS, when airways obstruction is relieved by specific 
OSA treatment, depending on the characteristics of the 
individual patient, namely:
 Increased carbon dioxide (CO2) excretion during 

CPAP application (or other OSA treatment), 
reducing arterial carbon dioxide partial pressure 

(PaCO2) below the apneic threshold. It should be 
also kept in mind that the apneic threshold might be 
rightward shifted in the setting of longstanding OSA 
either by the development of metabolic alkalosis 
compensating for CO2 retention during sleep time, 
or in the presence of concomitant mechanical or 
physiological constraint leading to submissive 
hypercapnia (e.g., in the setting of comorbidities 

Figure 1 Presumptive pathophysiological mechanisms underlying complex sleep apneas. Black boxes: cascade of events secondary to 
obstructive sleep apneas, intervening soon in the course of this disease and favoring chemoreflex activation with leftward shift and steepening 
of the ventilatory responses to chemical stimuli. Dark gray boxes: cascade of events secondary to obstructive sleep apneas, intervening 
later in the course of the disease (maladaptive), eventually favored by comorbidities (e.g., heart failure with fluid retention and increase in 
cardiac filling pressures; obesity or obstructive lung disorders with mechanical constraint) and promoting ventilatory control instability and 
central sleep apnea (light gray boxes). White boxes: cascade of events secondary to initiation of nocturnal ventilation, eventually promoting 
ventilatory control instability. Solid lines indicate positive interactions (+); dashed lines indicate inhibitory (-) interactions. CO2, carbon 
dioxide; O2, oxygen; LV, left ventricle; NIV, non-invasive ventilation; SNS, sympathetic nervous system.
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such as obesity or obstructive lung disorders) (20). 
 The presence of an underlying left ventricular 

diastolic dysfunction (heart failure with preserved 
ejection fraction), that may promote per se CSA as 
a result of increased left atrial pressure and relative 
volume overload (20,22), and whose diagnosis may 
not be straightforward, especially in its earliest 
phases (23).

 Right heart unloading by CPAP with reduced stretch 
of mechanoreceptors (21) which would otherwise 
promote hyperventilation overriding ventilatory 
control instability.

 Over-titration of CPAP with activation of stretch 
receptors in the lungs. When these receptors are 
activated due to an excessive expansion of the lungs, 
they send signals to the breathing center along the 
vagal nerve fibers, which inhibit the central motor 
output. Hence, this will result in an interruption 
of inspiration. This mechanism protects the lungs 
against overexpansion, and is called the Hering-
Breuer reflex (16). Moreover, in some patients (e.g., 
those more preload dependent or those with low 
ventricular filling pressures) CPAP over-titration 
may determine a drop of cardiac output, which may 
further promote ventilatory control instability due to 
circle time lengthening.

 worsening of sleep quality by CPAP in some patients. 
The frequent changes from sleep to wake and from 
wake to sleep lead to instability in the ventilatory 
control system. This leads to oscillations in the 
PaCO2 values that can lead to a decrease in PaCO2 
below the apneic threshold, with inherent central 
apneas as a consequence. It remains unclear to what 
extent sleep impairment is the cause or the effect of 
CompSAS (24). It was suggested that an elevated 
nasal resistance might relate to frequent arousals, 
which could presumably contribute to an increase in 
central apneas (25). 

 All these pathophysiological issues may be clinically 
important, since they can potentially affect treatment 
approaches, keeping in mind that patients developing 
CSA after OSAS treatment seem to have a poorer 
prognosis as compared to those only affected 
by OSAS, eventually also because of low CPAP 
compliance.

While we still cannot answer the question whether CSA 
after the onset of CPAP is a new pattern rather than a pre-
existing masked phenomenon, we may hypothesize that 

both these possibilities can hold true, depending on the 
individual patient’s characteristics. Only a more accurate 
patients’ phenotyping is likely to provide us with clearer 
answers in this controversial setting, helping us to identify 
the more adequate treatment for a given patient. 
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