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Abstract
Background The definition of complex sleep apnea
(CompSAS) encompasses patients with obstructive sleep ap-
nea (OSA)who develop central apnea activity upon restitution
of airway patency. Presence of arterial hypertension (HTN),
coronary artery disease (CAD) and heart failure (HF) have
been proposed as risk factors for CompSAS among OSA
patients. Using our database of patients with CompSAS, we
examined the prevalence of these risk factors and defined
other clinical characteristics of patients with CompSAS.
Methods Through retrospective search of the database, we
examined the medical and clinical characteristics of

consecutive patients diagnosed with CompSAS between
11/1/2006 and 6/30/2011 at NorthShore University
HealthSystem.
Results One hundred and fifty patients with CompSAS were
identified. Among patients included in the study, 97
(64.7 %) had at least one risk factor for CompSAS, while
53 (35.3 %) did not have any of them. Prevalence of low left
ventricular ejection fraction and hypocapnia were low.
Therapeutic interventions consisted of several positive air-
way pressure therapies, mainly adaptive servo ventilation. A
hundred and ten patients (73.3 %) complied with
recommended therapy and improved clinically.
Conclusions Although most patients with CompSAS have
cardiac comorbidities, about one third of patients do not
have any risk factors of CompSAS prior to sleep testing.
Further research on factors involved in development of
CompSAS will allow for better tailoring of therapy to path-
ophysiology involved in an individual case.
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Introduction

Complex sleep apnea syndrome (CompSAS) describes the
development of central apneas in a patient with obstructive
sleep apnea upon treatment restoring the airway patency
[1–5]. Due to its all-inclusive definition (predominance of
obstructive apneas during diagnostic testing, appearance of
central apneas during PAP therapy) complex sleep apnea
likely represents a common phenotypic manifestation of a
group of conditions. Mechanisms that are postulated in the
development of CompSAS include elevated chemoreceptor
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sensitivity [6], decreased arousal threshold [7], prolonged
circulation time [8], and use of opioid medications [9]. This
multitude of pathways leading to CompSAS, and the im-
provement of some of these mechanisms with time on
treatment [10] likely results in the dynamic phenotype, with
the improvement or disappearance CompSAS activity in
some patients [11–15], and its appearance de novo in others
[14].

As a consequence of this variable etiologic background,
several clinical risk factors for CompSAS among patients
with OSA have been identified. CompSAS phenotype has
been described in patients with congestive heart failure and
Cheyne–Stokes breathing pattern [16], with up to 18 % of
CHF patients in a recent study exhibiting CompSAS activity
[17]. The presence of arterial hypertension and coronary
artery disease has been associated with CompSAS activity
in other studies [14, 16].

It is, however, apparent from all the discussed studies and
our clinical practice, that many patients with CompSAS do
not have any identified “risk factors” for this condition prior
to the polysomnography (PSG) evaluation. Delayed recog-
nition of residual central sleep apnea delays institution of the
effective treatment [18], and use of ineffective treatment is
associated with higher risk of residual symptoms [19] and
may worsen cardiovascular prognosis at least in some pa-
tient populations [20]. Using our database of CompSAS
patients, we therefore aimed to estimate the prevalence of
recognized risk factors among patients with CompSAS and
to define other clinical and polysomnographic characteris-
tics of these patients.

Material and methods

The study was approved by the Institutional Review Board
of the NorthShore University HealthSystem. All patients
were referred to a single sleep center, and evaluated between
11/1/2006 and 06/30/2011 by one of the team of ten sleep
board-certified or board-eligible physicians. Patients
underwent a diagnostic and therapeutic polysomnogram. If
severe sleep apnea was observed during the diagnostic study
(apnea–hypopnea index, AHI>30/h), over at least 2 h of
recorded sleep, and sufficient time remained (>3 h of
expected bed time), the patient had a CPAP titration during
the same night (“split-night protocol”). All studies were
performed in compliance with American Academy of
Sleep Medicine (AASM) standards and were scored
according to the AASM scoring criteria. Airflow and respi-
ratory effort were monitored using nasal pressure transducer
and respiratory impedance plethysmography during the di-
agnostic study, and using the flow channel from the CPAP
or BPAP plus respiratory impedance plethysmography dur-
ing the positive pressure titration studies. Hypopneas were

defined as an abnormal respiratory event lasting at least 10 s
with at least a 30 % reduction in thoracoabdominal move-
ment or airflow as compared to baseline, and with at least a
4 % oxygen desaturation [21].

Following the evaluation, patients were treated with PAP
modalities. According to the local policies, upon the appear-
ance of central apnea activity, bilevel PAP in the spontane-
ous mode (BPAP-S) was tried with expiratory PAP set at the
level of CPAP that controlled obstructive events, and inspi-
ratory PAP at the level of EPAP+4–5 cmH2O. Oxygen was
supplemented with PAP therapy in cases of persistent hyp-
oxemia. In cases of ineffectiveness of BPAP-S, adaptive
servo ventilation was tried, with expiratory pressure based
on CPAP titration, and pressure support range left to the
discretion of the physician. Final decision on therapy was
made by the managing physician based on the results of all
PAP studies. There was no formal policy on the use of
hypnotics with PAP.

The objective compliance with the PAP device was
assessed at the first visit at 4–6 weeks of its use. Patients
who did not come for their follow-up appointment were
contacted over the telephone regarding their usage. All
patients who could not be contacted or could not supply
the compliance card were treated as non-compliers.

Patients with complex sleep apnea were included in the
analysis. “Complex sleep apnea” was defined as develop-
ment of central sleep apnea or with central apnea index of
more than 5/hour or prominent and disruptive Cheyne–
Stokes breathing pattern in a patient with obstructive sleep
apnea [2]. Individual demographic and clinical variables
were collected. Patients were recorded to have (1) conges-
tive heart failure, if they had an echocardiographic docu-
mentation within 6 months of their polysomnogram of
systolic or diastolic heart failure, (2) coronary artery disease,
if they had a history of myocardial infarction, or a revascu-
larization procedure, (3) hypertension, if they were on ther-
apy for it, (4) diabetes mellitus, if they were treated for it, (5)
hypothyroidism, if they were treated with thyroxin supple-
mentation, (6) asthma or (7) chronic obstructive pulmonary
disease, if they carried either diagnosis made by their pri-
mary physician and were treated, (8) stroke if they had a
history of it, (9) atrial fibrillation if they had this arrhythmia
in their medical history (patients did not have to be in
atrial fibrillation at the time of their sleep evaluation),
(10) neuromuscular weakness, (11) Parkinson’s disease,
or (12) cognitive impairment, if they were diagnosed
and treated for those by the neurologist, (13) depres-
sion, if they were taking antidepressants at the time of
sleep consultation, and (14) end-stage renal disease if
they were on renal replacement therapy. Patients were
noted to take opioids, benzodiazepines, or gabapentin if
they were currently taking respective medications at the
time of sleep consultation.
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Laboratory and auxiliary testing (pulmonary function
tests, echocardiography) data were included in the analysis
if they were collected within 3 months of the sleep evalua-
tion. Serum bicarbonate level, arterial blood gases, left
ventricular ejection fraction (LVEF), estimated right ventric-
ular systolic pressure (RVSP), forced expiratory flow in one
second (FEV1) and diffusing capacity of the lung for carbon
monoxide (DLCO) were collected wherever available.

Continuous data were presented as medians and
interquartile ranges (IQR) and analyzed using ANOVA.
Discrete data were analyzed using Fisher’s exact test.
Correlations were analyzed with Pearson’s correlation.
Comparisons for serial variables were performed using a
paired t test.

Results

One hundred and fifty patients (117 (78 %) males, 33 (22 %)
females) with CompSAS were identified. Mean (IQR) age
of the population was 62.0 (53–72) years. At the time of
sleep consultation they were found to be overweight with
the body mass index (BMI) of 32.0 (28.4–35.8) kg/m2 and
had excessive daytime sleepiness with Epworth Sleepiness
Scale score of 11.0 (8.0–14.0). Significant comorbidities are
presented in Table 1.

Thirty patients (20 %) had been treated for OSA prior to
the evaluation. Of those, 16 were on positive airway pres-
sure therapy (10 continuous positive airway pressure

(CPAP), 3 bilevel positive airway pressure-spontaneous
(BPAP-S), 2 autoadjusting positive airway pressure
(APAP), and 1 BPAP-S with oxygen), 1 was treated with
uvulopalatopharyngoplasty, and 13 had been on CPAP, but
had stopped this therapy prior to current evaluation.

The s leep evaluat ion consis ted of diagnost ic
polysomnography (61 patients—full night, 89—split night),
with mean apnea–hypopnea index (AHI) of 50.8±29.7/h. The
results of therapeutic testing are presented in Table 2. Primary
positive airway pressure testing consisted of CPAP (148 pa-
tients, 98.7 %) or BPAP-S testing (two patients, one patient
with prior BPAP-S use and one patient with concurrent
hypoventilation). Eventually, 70 patients (46.7 %) tried
BPAP-S at some point of PAP titration, typically during a
multi-modality titration study [18, 22]. Of note, similar central
apnea indices on CPAP were noted in patients studied in the
full-night protocol (21.7±21.6) and split-night protocol (26.0±
21.0, p=0.24).

Seven patients refused further evaluations and were lost
to follow-up. One hundred thirteen patients underwent a
titration with an adaptive servo ventilation device.
Ultimately, 107 patients were prescribed an adaptive servo
ventilation device, 21 patients were prescribed CPAP, 8 pa-
tients were treated with CPAP and a hypnotic, 4 patients
were treated with APAP, 2 patients were treated with bilevel
PAP in a spontaneous-timed mode (BPAP-ST), and one
patient was treated with BPAP-S.

We then calculated the prevalence of three risk factors
that have been associated with CompSAS phenotype—hy-
pertension, coronary artery disease and congestive heart
failure. Fifty-three patients (35.3 %) did not have any of
the three risk factors examined, while 97 patients (64.7 %)
had at least one (Fig. 1). Since one of the postulated mech-
anisms of CompSAS is hypocapnia leading to repeated
crossing of the apneic threshold, we examined the data of
91 patients with both serum bicarbonate and LV ejection
fraction. Six patients had serum bicarbonate of <23 mM/L
and 16 patients had EF of <55 % (Fig. 2).

At follow-up visit, 110 patients were using their therapy,
and were significantly less sleepy than on the initial evalu-
ation (ESS score 7.6±5.0, p<0.001). Download of the com-
pliance device showed an average nightly use of 4.5±2.9 h,
on 70 %±40 % of the nights.

Discussion

Since the first description of complex sleep apnea by
Gilmartin et al [1, 22], the sheer existence, definition, and
treatment of this syndrome is debated [23, 24]. In our
opinion, clinical utility of “CompSAS” designation lies in
differences in acute and subacute response to PAP treat-
ments of patients with “typical” OSA and CompSAS

Table 1 Comorbidities of patients with CompSAS included in the
analysis. N=150

Comorbidity Number (percentage)
of patients

Coronary artery disease 37 (24.7 %)

Congestive heart failure 32 (21.3 %)

Hypertension 81 (54.0 %)

Stroke 20 (13.3 %)

Atrial fibrillation 16 (10.7 %)

Diabetes mellitus 42 (28.0 %)

Chronic obstructive pulmonary disease 16 (10.7 %)

Asthma 13 (8.7 %)

Hypothyroidism 16 (10.7 %)

Depression 45 (30.0 %)

Neuromuscular weakness 6 (4.0 %)

Cognitive impairment 17 (11.3 %)

Parkinson’s disease 4 (2.7 %)

End-stage renal disease 3 (2.0 %)

Use of medications

Opioids 28 (18.7 %)

Benzodiazepines 6 (4.0 %)
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patients: while CPAP is highly effective in OSA, its acute
effectiveness in much lower in CompSAS [25]. This low
acute effectiveness of CPAP (documented again in our pa-
tients) translates into poorer subjective benefit of CompSAS
patients than OSA patients when they are treated with CPAP
[19]; such a poor early subjective benefit has been associat-
ed with poorer long term use among OSA patients [26].
Additionally, in a substantial proportion of patients with
CompSAS, long-term effects of therapy with CPAP are also
suboptimal [12, 27]. Therefore, accepting the limitations of
current definition of CompSAS, which is purely based on
polysomnographic variables, we attempted to define the
broad clinical characteristics of patients with CompSAS.

Our study represents the largest group of patients with
CompSAS described clinically to date. Cassel et al. de-
scribed 82 patients with CompSAS in their prospective
observational study [14], while Westhof et al. described 56
patients with central apnea activity, but included only pa-
tients with normal B-type natriuretic peptide levels [15].
Finally, Javaheri et al. examined 84 patients with central
apnea activity on CPAP, but included in this group those

with central sleep apnea [13]. Hypertension was present in
over half of our patients, which confirms the findings of
Westhof et al. and Cassel et al., who found hypertension in
72 and 71 % of their patients with CompSAS, respectively
[14, 15]. Our dataset contained significantly more patients
with CompSAS and heart failure than in populations de-
scribed by other authors [13–16]. Coronary artery disease,
diabetes, and depression were all present in more than 20 %
patients of our population. Our laboratory data analysis
showed changes typical of comorbidities: patients treated
with opioids had hypercapnia, while patients with CHF
tended to have lower LVEF. Though CompSAS activity
has been reported in opioid users, this patient population
has not been identified as a risk factor for CompSAS
[28–30].

In our patient population, over one third of patients did
not have any recognized risk factors for CompSAS and this
diagnosis was unexpected prior to PSG testing. This sug-
gests that different mechanisms are responsible for

Table 2 Polysomnographic variables during diagnostic testing and
therapeutic testing in patients with CompSAS. For CPAP and SV
nights, presented data reflect “at best pressure” results. Stage- and

position-dependent AHI were calculated over whole night. For adap-
tive servo ventilation, values represent expiratory/minimal inspiratory/
maximal inspiratory pressures

Diagnostic study (n=150) CPAP (n=148) Adaptive servo ventilation (n=113)

Pressure – 11.1±3.2 10.1/12.1/21.1±3.1/3.4/3.9

Apnea–hypopnea index (AHI) 50.8±29.7 39.7±29.1 8.5±11.1

AHI in supine NREM sleep 61.1±33.6 37.8±23.9 14.2±15.8

AHI in nonsupine NREM sleep 34.4±36.5 17.8±20.6 6.4±12.3

AHI in supine REM sleep 49.5±28.6 13.4±15.7 6.3±10.2

AHI in nonsupine REM sleep 39.8±29.5 11.2±16.2 2.7±6.3

Central apnea index (CAI) 6.0±8.6 24.3±20.8 2.6±4.8

Arousal index (AI) 52.8±34.0 36.8±23.9 21.8±17.0

Periodic limb movement index (PLMI) 26.3±39.1 20.3±28.9 24.0 ±29.3

Periodic limb movement arousal index (PLMAI) 9.5±19.4 7.9 ±14.0 8.5±10.6

Fig. 1 Prevalence of hypertension (HTN), coronary artery disease
(CAD), and congestive heart failure (CHF) among 150 patients with
complex sleep apnea

Fig. 2 Serum bicarbonate level [in millimoles per liter] and left ven-
tricular ejection fraction [LVEF, %] in 91 patients with CompSAS.
Lines represent limits of normal values (23–29 mM/L for serum bicar-
bonate and 55 % for LVEF)
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appearance of CompSAS phenotype in different patients;
polysomnography is likely to be the one of the modalities
used to establish the exact mechanism in an individual
patient but it is unlikely to be the only one. Measurement
of chemoresponsiveness, arousal threshold or controller
gain may improve the accuracy of this diagnosis, but are
still experimental and not in daily clinical use [31]. Breath-
to-breath variability prior to sleep onset was found to be
higher in patients with mixed and central apnea tendency
(and presumably higher chemoresponsiveness) that in pa-
tients with pure obstructive sleep apnea [32].

Treatment of CompSAS is another area of debate, and
various PAP modalities have been used [25, 33]. Since
central component of CompSAS resolves with time in some
patients, CPAP has been proposed as therapy, especially in
those patients who do not have cardiac or pulmonary
comorbidities [11, 13]. In our sample, adaptive servo venti-
lation was used most frequently. This reflects both the PAP
titration policies and practice style at NorthShore University
HealthSystem and is backed up by recent data showing an
advantage of ASV over CPAP [27, 34].

The major limitation of the study is its retrospective design.
This, specifically, may have introduced a type II error in our
analyses pertaining to the physiological variables we gathered
in our patients. However, given the low prevalence of
CompSAS (1–15 % based on most studies) [2, 13, 14], the
setup of a large prospective study systematically examining a
similar scope of clinical data would be difficult. The design of
our study did not allow for direct comparison of prevalence of
comorbidities between CompSAS and OSA patients. In var-
ious studies reported in the literature, higher age, male gender,
individuals with lower BMI, higher baseline AHI and CAI,
coronary artery disease, hypertension and congestive heart
failure were more frequently associated with higher

prevalence of CompSAS than matched patients with OSA
(Table 3), with the significant differences among the studies.
We speculate that these differences were due to different
ethnic backgrounds of populations studied, which included
Americans [2, 12, 13, 19], Australians [16], Japanese [35, 36],
and European Caucasians [14] and varying referral patterns in
different sleep labs. For the purpose of our analysis, patients
diagnosed with CompSAS based on a split-night study were
combined with patients in whom the diagnosis was
established on the basis of a full-night study, which might be
a potential source of bias. Given the descriptive character of
this study, we do not think that this bias is significant; also,
there were no statistically significant differences in all poly-
somnographic variables tested between patients diagnosed
with CompSAS in a full-night vs split-night protocol.

In summary, we have documented the clinical heteroge-
neity in the largest sample of consecutive patients with
complex sleep apnea examined to date. Further research in
CompSAS should be focused on better delineation of the
interplay of pathophysiological chains involved which will
hopefully translate into more accurate prediction of
CompSAS activity and better tailoring of therapy in this
group of patients.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.
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