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Background: Mixed apneas share both central and obstructive components and are often treated
as if they are obstructive events. The hypothesis is that patients with obstructive sleep apnea syn-
drome (OSAS) who exhibit a majority of mixed apneas will differ in ventilatory control from those
with predominantly obstructive apneas during wakefulness; moreover, this difference could affect
nasal continuous positive airway pressure (CPAP) adherence.

Methods: In a retrospectively derived case-control study, 5 min of respiratory inductance plethys-
mography signals during wakefulness prior to sleep onset were extracted from a diagnostic poly-
somnogram in these groups: (1) mixed apnea-dominant OSAS (mix-OSAS) (n = 36), (2) obstructive
apnea-dominant OSAS (pure-OSAS) (n=20), (3) central apnea-dominant sleep apnea syndrome
(pure-CSAS) (n = 6), and (4) control subjects (n = 10). Breathing patterning was compared between
the groups using the coefficient of variation (CV) for breath-to-breath inspiration time (Tr),
expiration time (Tg), Ti + TE (Ttot), and tidal volume, and an information theory-based metric of
signal pattern variability (sample entropy). Subsequent CPAP adherence over 12 months was
determined in OSAS groups.

Results: Breath-to-breath CV parameters and sample entropy in the mix-OSAS group were signifi-
cantly greater as compared with the pure-OSAS and control groups. In a subanalysis, CV and
sample entropy were similar in the mix-OSAS and the pure-CSAS groups. CPAP adherence was
significantly poorer in mix-OSAS compared with pure-OSAS.

Conclusions: During wakefulness, both breath patterning and sample entropy in mix-OSAS are
similar to pure-CSAS and more variable than in pure-OSAS. In addition, CPAP adherence was
decreased in patients with mix-OSAS, which may be related to basic differences in respiratory
control. CHEST 2011; 140(1):54-61

Abbreviations: AHI = apnea-hypopnea index; CompSAS = complex sleep apnea syndrome; CPAP = continuous
positive airway pressure; CV = coefficient of variation; EMG = electromyogram; ESS = Epworth sleepiness scale;
mix-OSAS = mixed apnea-dominant obstructive sleep apnea syndrome; OSA = obstructive sleep apnea; OSAS = obstructive
sleep apnea syndrome; pure-CSAS = central apnea—dominant sleep apnea syndrome; pure-OSAS = obstructive apnea-
dominant obstructive sleep apnea syndrome; RIP = respiratory inductance plethysmography; TE = expiration time;
T1 = inspiration time; Ttot = inspiration time + expiration time

Obstructive sleep apnea syndrome (OSAS) is a
major public health problem with a prevalence
estimated at approximately 4% of adults in both
Western and Asian countries.!2 Nasal continuous
positive airway pressure (CPAP) therapy for OSAS
has been the most effective and widely used treat-
ment.>> However, approximately 25% to 50% of
patients with OSA will either refuse to try or will not
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tolerate CPAP therapy.® Furthermore, some patients
do not respond to CPAP treatment, either without
symptom improvements or without reductions in
overall respiratory events. Finally, central apneas can
emerge with initiation of CPAP therapy, a condition
that has been called “complex sleep apnea.”” Taken
together, these facts indicate significant variability of
the OSAS phenotype.
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Mixed apneas are characterized by a relative lack of
respiratory effort during the initial event period fol-
lowed by efforts against an occluded upper airway.
According to the American Academy of Sleep Medi-
cine Task Force in 1999, mixed apneas are pathophys-
iologically considered to be a part of obstructive
apneas.® Thus, patients whose apneas are mostly mixed
receive the clinical diagnosis of OSAS, even though
respiratory events in these patients may be primarily
central as opposed to obstructive. This may contrib-
ute to the fact that some patients with OSAS do not
show benefit from CPAP therapy.

In this study, we hypothesized that even before
sleep onset there would be a fundamental differ-
ence in the breathing pattern between patients with
mixed apnea-dominant OSAS (mix-OSAS) and those
with obstructive apnea-dominant OSAS (pure-OSAS);
moreover, this difference may affect CPAP accep-
tance and compliance. To examine these hypotheses,
the breathing pattern during wakefulness was analyzed
using conventional (linear) analysis of tidal volume and
frequency, as well as nonlinear analysis of the respira-
tory signal, an approach that does not depend on
breath identification. In addition, subsequent CPAP
compliance was compared between OSAS groups.

MATERIALS AND METHODS

Subjects

Subjects were selected from 987 patients referred to a sleep
laboratory with suspected sleep-disordered breathing who under-
went diagnostic polysomnography between 2003 and 2008. The
research database held values for the total number of apneas
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Tuae BorToM LINE
How does this work advance the field?

Patients with mostly mixed apneas are diagnosed with and
treated for obstructive sleep apnea syndrome. More irregu-
lar breathing during wakefulness and poor adherence to
continuous positive airway pressure in patients with primar-
ily mixed apneas identifies clinically important variability in
the obstructive sleep apnea syndrome phenotype.

What are the clinical implications?

Patients with mixed apneas may have fundamental differences
in respiratory control, which manifest as increased breathing
pattern variability during wakefulness. An assessment of
resting breathing pattern variability during wakefulness may
be able to identify these patients who are less likely to adhere
to subsequent continuous positive airway pressure therapy.

according to the each type (obstructive, central, and mixed) for
each patient and measures of sleep latency, length, and state.
Forty-four patients with mix-OSAS (4.4% of the sample) were
identified and compared with patients with pure-OSAS (n=20)
and control subjects (n=10) randomly extracted from the same
database. A group with central apnea-dominant sleep apnea syn-
drome (pure-CSAS) (n="7) was also identified. Data were col-
lected on the Epworth sleepiness scale (ESS), medical history,
and current medications.

Inclusion Criteria

Mix-OSAS was defined as an apnea-hypopnea index (AHI) > 20,
in which the number of mixed apneas during the diagnostic study
was >30% of the total number of apneic events. Pure-OSAS
was defined by an AHI > 20 in a patient in whom all of the apneas
were obstructive apneas. The definition of pure-CSAS was a cen-
tral apnea index > 5, where the total number of central apneas
was greater than the number of obstructive apneas, or the pres-
ence of Cheyne-Stokes respiration. Patients with AHI <5 were
defined as control subjects.

Analysis of the Respiratory Signal

Approximately 5 min of stable respiratory signal data before
sleep onset were extracted from the diagnostic polysomnography.
Respiratory signals were generated by the sum of chest and
abdominal signals using respiratory inductance plethysmography
(RIP). The stable respiratory signal was identified using the respi-
ratory signal itself as well as electromyogram (EMG) (chin and
limb) to detect any body movements. When the amplitude of the
EMG signal was high, that part of the signal was considered to be
during movement and inappropriate for analysis. In the analytic
phase of the study, investigators were blinded to the group assign-
ment, and each 5-min record of respiratory signal during EEG
staging of wakefulness was analyzed for breath-to-breath inspira-
tion time (T1), expiration time (TE), Tt + TE (Ttot), and tidal vol-
ume. To assess breathing irregularity, the coefficient of variation
(CV) ([SD/mean] X 100) for each parameter was calculated.

Sample entropy is calculated from the same data sample
(RIP-sum signals) but is not dependent on information of tidal vol-
ume or frequency per se. Rather, it is a statistical measure of the
predictability or regularity of the data set and is defined as the loga-
rithm of the difference between the probability that a vector X is
within a chosen distance r in m-dimensional space and the prob-
ability that the vector X is within the same chosen distance r in

CHEST/140/1/JULY, 2011 55


mailto:motoo@naramed-u.ac.jp
http://www.chestpubs.org/site/misc/reprints.xhtml
http://www.chestpubs.org/site/misc/reprints.xhtml
http://www.chestpubs.org

m + 1-dimensional space.? The probability densities are nor-
mally estimated using the method suggested by Grassberger and
Procaccia.l® In the present study, sample entropy of the raw respira-
tory signal (sampled at 10 Hz) was calculated using standard param-
eters (m=2 and r=0.2 X SD).? This information theory-based
metric reflects linear and nonlinear determinants of temporal pat-
tern variability with high values denoting less self-similarity and
greater complexity. Comparisons of sample entropy of the original
time series were made with the sample entropy of surrogate data
sets (n=19) to provide a statistical comparison between the sur-
rogate data sets as well as to provide a means for comparing results
of analyzing surrogate data and surrogate and original data through
computational algorithms. Surrogate data were computed using
the iterated amplitude-adjusted Fourier transform by moving the
data into the frequency domain for adjustment and then back into
the time domain while ensuring that both the frequency distribu-
tion (power spectrum/autocorrelation function) and the amplitude
distribution are maintained."1> Sample entropy was computed over
multiple time delays from unity up to one cycle length.'® Values
were averaged across time lags excluding those with high linear
correlations as defined by the first minimum of the mutual infor-
mation function. Average sample entropy (excluding small lags)
was reported for the surrogate and original data for each group.

Sleep Study

Data acquisition started from 9:00 PM and continued until
6:00 aM on the following morning. Polysomnography was per-
formed using a polygraph system (EEG7414; Nihon Kohden;
Tokyo, Japan). EEG (C3-A2, C4-Al), bilateral electrooculogram,
submental EMG, ECG, and bilateral anterior tibial EMG were
recorded. Airflow was monitored using an oronasal thermal sensor
and/or nasal air pressure transducer. Thoracic and abdominal
respiratory movements were monitored using RIP (Respitrace;
Ambulatory Monitoring Inc; Ardsley, New York). Oxyhemoglobin
saturation and pulse rate were monitored using pulse oximetry with a
finger probe (OLV-3100; Nihon Kohden). All the signals were digi-
tized and stored on a personal computer. Apneas were defined as
an episode of complete airflow cessation measured from the ther-
mal sensor lasting > 10 s. Hypopneas were defined by =30% reduc-
tion in amplitude of the RIP-sum signal lasting > 10 s with = 3%
oxygen desaturation. AHI was calculated as the average number
of apnea-hypopnea events per hour over the total sleep period.

Continuous Positive Airway Pressure

Patients who had an AHI >20 and any symptoms related to
OSAS were initiated on nasal CPAP (REMstar Auto; Respironics;
Pittsburgh, Pennsylvania, or GoodKnight 420E; Tyco Mallinckrodt;
Plaisir, France) with auto-titrating mode. All patients treated with
CPAP visited our sleep laboratory every month, and CPAP com-
pliance was monitored every month using data extracted from
the memory of the CPAP equipment for at least 12 months. At the
monthly visit to the laboratory, CPAP settings, including pressure
range or CPAP mode (auto or fix mode), were modified by an expert
physician if it was necessary. Eventually, most of the patients used
CPAP with auto-titrating mode during the follow-up period. Good
CPAP compliance was defined by use in >75% of days with >4 h
usage each night; otherwise, it was considered to be poor com-
pliance. CPAP acceptance was defined by whether a patient
refuses CPAP within 1 month after CPAP administration.

Statistical Analysis
The differences in age, sleep-disordered parameters, and CV

values between three groups (mix-OSAS, pure-OSAS, and control
subjects) were detected by one-way analysis of variance. When
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the analysis of variance was significant, probing of differences
within the model was done by ¢ tests of estimated marginal
means (simple main effects) with adjustments for multiple
comparisons made via the Bonferroni correction. The difference
in categorical variables between the three groups and the differ-
ence in CPAP acceptance and compliance were detected by
X2 test for independence. For the subanalysis, comparison between
pure-CSAS and mix-OSAS was done by ¢ test. Differences with
P <.05 were considered significant. All results were expressed as
means * SD. Statistical analysis was done with SPSS, version 10.0
for Windows software (SPSS Inc; Chicago, Illinois).

RESULTS

Subject Characteristics

Among 44 patients with mix-OSAS, eight were
excluded from the analysis because sufficient respira-
tory signal data could not be extracted because of noise;
thus, 36 patients with mix-OSAS were enrolled in the
study. Table 1 shows subject characteristics for each
group. Significant differences in ESS were not observed.
There were significant differences in age, AHI, and
BMI between the three groups; however, a post hoc
test did not indicate significant differences between
mix-OSAS and pure-OSAS groups. In addition, four
subjects suffered from arrhythmias, including chronic
atrial fibrillation (n = 3) and atrioventricular block
(n=1), in the mix-OSAS group. Another two patients in
the mix-OSAS group had a past history of cerebral
infarction. In contrast, no patients had a history of
arrhythmias or cerebral infarction in the pure-OSAS
and control groups. The use of medications for hyper-
tension, hyperlipidemia, and diabetes mellitus were
similar between groups. No patients were using opi-
oid or hypnotic medications.

Table 1—Subject Characteristics

Control
Mix-OSAS ~ Pure-OSAS  Subjects
Characteristic (n=236) (n=20) (n=10) P Value
Age,y 56.8+139 499+119 425+9.6: <.01
AHI, per h 65.8+t178 59.1+15.8 3.2+1.3 <.001
ESS 11.2+48 11.7+7.0 8.0+3.8 NS
BMI, kg/m? 28.2*+ 3.8 277+40 244+37 <.05
Arrhythmia 4/36 (11.1)  0/20 (0) 0/10 (0) NS
Hypertension 15/36 (41.7)  7/20 (35) 2/10 (20) NS
Hyperlipidemia 8/36 (22.2)  3/20 (15) 1/10 (10) NS
Diabetes mellitus ~ 6/36 (16.7)  2/20 (10) 1/10 (10) NS
Past history of 2/36 (5.6) 0/20 (0) 0/10 (0) NS
cerebral
infarction

Data are shown as mean = SD or No. (%). AHI = apnea-hypopnea
index; ESS = Epworth Sleepiness Scale; mix-OSAS = mixed apnea-
dominant obstructive sleep apnea syndrome; NS = not significant;
pure-OSAS = obstructive apnea-dominant obstructive sleep apnea
syndrome.

sSignificant difference from mix-OSAS, P <.01.

bSignificant difference from mix-OSAS, P <.05.
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Breathing Irregularity During
Rest Before Sleep Onset

Figure 1 shows examples of RIP-sum signals during
wakefulness for two subjects with mix-OSAS and two
subjects with pure-OSAS. These tracings highlight
the more irregular breathing pattern prior to sleep
onset in mix-OSAS as compared with pure-OSAS.
The average interval between the end of the extracted
respiratory signal and sleep onset time in mix-OSAS,
pure-OSAS, and control subjects was 10.0 = 18.2,
7.5% 7.1, and 18.5 = 32.8 min, respectively (data are
not shown). This suggests that the irregularity of the
extracted respiratory signal was not affected by drowsi-
ness or an oscillation to sleep state. The CV values for
T1, TE, and Ttot in patients with mix-OSAS were sig-
nificantly higher than in pure-OSAS and control sub-
jects (T1: 31.5*+18.8, 14.5+10.2, 159+ 7.5; TE:
41.9*+23.5,18.5*=8.1, 19.5 = 6.0; Ttot: 29.7 = 16.6,
13.0 £6.5, 14.3 £ 6.0, respectively). Moreover, the CV
of tidal volume in the mix-OSAS group was signifi-
cantly higher than in pure-OSAS and control groups
(37.0£13.3,18.8 = 8.6, 23.1 = 104, respectively) (Fig 2).
Sample entropy for the respiratory signal in the
mix-OSAS group was greater than that in both the
pure-OSAS and control groups (1.42+0.15, 1.20+0.16,
1.19%0.25, respectively). These findings suggest that
there is greater complexity, less predictability, and
thus greater variability in the mix-OSAS group as com-
pared with both the control and pure-OSAS groups.
However, this difference between groups remained
when sample entropy of surrogate data were mea-
sured, suggesting that this difference may come from
linear determinants of pattern variability in these two
groups (Fig 3).

mix-OSAS

CPAP Acceptance and Compliance

In the mix-OSAS group (n=36), all patients were
treated with CPAP; however, one subject’s data for
CPAP usage were not recorded. Excluding this subject,
only 17 out of 35 patients with mix-OSAS (48.6%) had
acceptable compliance and acceptance. On the other
hand, in the pure-OSAS group (n = 20), three patients
chose other treatments, including oral appliance,
lateral positional sleep, and weight loss, rather than
CPAP; thus 17 patients were treated with CPAP. One
subject’s data for CPAP usage were not recorded. Thus,
16 patients with pure-OSAS were eligible for analysis
of CPAP compliance. Among them, 13 patients (81%)
had a good compliance and acceptance, whereas only
three patients refused or could not tolerate CPAP
within 1 month (Table 2). The main reasons for poor
CPAP acceptance and compliance were an uncom-
fortable feeling with CPAP and having a sensation of
it being hard to breathe and fall asleep. Some reported
removing CPAP without awareness during sleep.
Also, none of the three patients who refused or could
not tolerate CPAP treatment felt any improvement in
symptoms such as excessive daytime sleepiness, morn-

ing headache, and sleep quality.

Comparison of Mix-OSAS and Pure-CSAS Groups

Among subjects with pure-CSAS, six patients were
suitable for the analysis, as one patient did not have a
sufficient length of stable respiratory signal for the
analysis. The central apnea index for the pure-CSAS
group was 15.3 £ 12.1. Their age and BMI were
64.7 = 10.2 years and 25.3 = 2.4, respectively, which
were similar to the mix-OSAS group. Moreover, the

Patient A A\ AA AN NN NN NANANNNNA~ANANANNANNNANNAAAAAAAN

Patient B \"WAMWMAN AN MANNARAAANMAMANMNANSAANPNARAAAIAAAN AWM

pure-OSAS

Patient C NSNS ANMAASANAANAAANANNNNINNNANAAANNANAANAAANANY
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30 sec

FIGURE 1. Respiratory inductance plethysmography (RIP)-sum tracings prior to sleep onset in two
patients with mix-OSAS and two patients with pure-OSAS. Respiratory patterns are more irregular
in mix-OSAS as compared with pure-OSAS. mix-OSAS = mixed apnea-dominant obstructive sleep
apnea syndrome; pure-OSAS = obstructive apnea-dominant obstructive sleep apnea syndrome.
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FIGURE 2. Coefficients of variation (CV) for breath-to-breath
respiratory variables during resting breathing before sleep onset.
Values are mean = SD. A, Ti. B, Te. C, Ttot. D, Tidal volume.
Resting breathing during wakefulness was more irregular in
patients with mix-OSAS than in those with pure-OSAS and
control subjects as expressed by higher CV values in all respi-
ratory variables. Te = expiration time; Ti = inspiration time;
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FIGURE 3. Sample entropy values for original data set (black bar)
and surrogate data set (gray bar). Values are mean * SD. See
Figure 1 legend for expansion of abbreviations.

CV of T1, TE, Ttot, and tidal volume in pure-CSAS
were 24.6 +6.5,33.8+9.2,23.9 = 7.6, and 34.6 = 8.5,
respectively, which were similar to the values for the
mix-OSAS group. In addition, the sample entropy of
the pure-CSAS group was 1.34 = 0.17 bits, which was
comparable to that observed in the mix-OSAS group
(P =.24). However, the sample entropy of the surro-
gate data were 1.46 = 0.20 bits in the pure-CSAS
group, which was lower than that observed in the
mix-OSAS group (P <.05). Taken together, these
data suggest that the overall complexity and variabil-
ity of the breathing pattern is similar between the
pure-CSAS and the mix-OSAS groups, but that there
are some differences in linear determinants of pat-
tern variability.

DiscussioN

The present study suggests breathing irregularity
during wakefulness, as quantified by both linear and
nonlinear metrics, is greater in patients with mix-OSAS
as compared with patients with pure-OSAS and con-
trol subjects. Additionally, a secondary comparison
indicated that breathing irregularity in patients with
mix-OSAS is similar to those with pure-CSAS. This
finding suggests an intrinsic pathophysiology in the
respiratory control system for breathing rhythm and
depth in patients with mix-OSAS. Furthermore, this
instability of breathing at rest might have some pre-
dictive importance in regard to CPAP acceptance and
compliance, as there was significantly poorer CPAP
adherence in the mix-OSAS group as compared with
the pure-OSAS group.

Breathing irregularity during wakefulness is associ-
ated with genetic diseases such as Rett syndrome,#1>
with certain environments such as high altitude,'617

Ttot =Ti+ Te. See Figure 1 legend for expansion of other
abbreviations.
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Table 2—CPAP Compliance and Acceptance

Mix-OSAS Pure-OSAS
CPAP Usage (n=35) (n=16)> P Value
Good compliance 17 13 <.01
Poor compliance 16 1 <.01
Poor acceptance 2 2 NS

CPAP = continuous positive airway pressure. See Table 1 legend for
expansion of other abbreviations.

“One patient was excluded from the analysis because of loss of CPAP
compliance data.

PFour patients were excluded from the analysis because three patients
were given other treatments and one patient’s CPAP data were lost.

with treatment with opioid medications,'®1¥ and with
medical conditions including heart failure2022 and
cerebral infarction.?32* These phenomena reflect par-
ticular features of the respiratory control system
involving respiratory rhythm generation and/or cen-
tral and peripheral chemoreception. In the present
study, we observed greater respiratory variability
(as measured by CV of respiratory intervals) in the mix-
OSAS group as compared with the pure-OSAS and
control groups. This increase in breathing pattern
variability was observed during a period of wakeful-
ness, when it is rare for scoreable apnea and/or hypo-
pnea events to occur. This finding suggests that the
central respiratory control system in patients with
mix-OSAS is different from those with pure-OSAS.
To further investigate this difference, we quantified
the morphology of the breathing pattern using sam-
ple entropy. This analysis identified a greater com-
plexity and less predictability in the mixed group as
compared with the control and obstructive groups. If
this increased variability in the mixed group were due
to nonlinear relationships in the data, we would expect
that differences in sample entropy to be lost when
looking at the surrogates. However, since these dif-
ferences between the mixed and control and obstruc-
tive groups persisted on analysis of the surrogates, we
concluded that the variability differences between
the groups were primarily due to linear (stochastic)
relationships in the data. The presence of these dif-
ferences in the awake breathing patterns in these
patients further supports the idea that there are fun-
damental differences in the respiratory control sys-
tem in patients with mix-OSAS.

The pathogenesis for obstructive sleep apnea has
been the focus of much study across the world. Ana-
tomic features are key, but the neuromuscular control
system also contributes to the pathogenesis of upper
airway obstruction.??7 In this regard, OSA is already
a fairly complex disease. Moreover, it has been pro-
posed that the interaction of respiratory output to the
upper airway and diaphragm may determine the
expression of apnea types, such as central and obstruc-
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tive.? Thus, individuals may manifest apneas with both
obstructive and central components. The relative pro-
portion of these components would depend on indi-
vidual factors, which may be genetic or secondary to
a medical condition. Taken together with our findings,
we speculate that mixed apneas are closer to central
apneas than to obstructive apneas. Although one can
score each apnea as a mixed or obstructive apnea, the
diagnosis must be OSAS because in the current
American Academy of Sleep Medicine definition set
a mixed apnea is considered as an obstructive apnea,®
and “mixed sleep apnea syndrome” has not been
defined. The present findings also suggest that vari-
ability in the OSAS phenotype may be one reason for
the variability in CPAP treatment effectiveness for
this group.

Poor CPAP compliance in the mix-OSAS group
compared with the pure-OSAS group suggests that
just opening the upper airway with a pressure splint
is not always effective in patients with mix-OSAS.
Among 36 patients with mix-OSAS, none had nasal
disease; however, four patients had arrhythmias
including chronic atrial fibrillation and two patients
had a past history of cerebral infarction. As arrhyth-
mias as well as cerebral infarction could affect respi-
ration, the analyses were also performed in a subgroup
excluding the six patients with these conditions. How-
ever, the significant differences in CV values between
the mix-OSAS and pure-OSAS groups remained,
suggesting that the presence of the arrhythmias and
past history of cerebral infarction might be a surro-
gate marker and not necessarily the main reason for
the respiratory irregularity observed in the mix-OSAS
group.

Complex sleep apnea syndrome (CompSAS) is a
novel category of sleep-disordered breathing that
describes patients with obstructive apneas who develop
frequent central apneas or Cheyne-Stokes respiration
after successful application of CPAP.» It has been
demonstrated that spectral analysis of ECG-based
cardiopulmonary coupling distinguishes pure obstruc-
tive apnea from central or complex sleep apnea.?
Moreover, patients with CompSAS show poor CPAP
adherence.? Our study focused on mix-OSAS breath-
ing detected during diagnostic PSG (before CPAP
application). Although mixed-OSAS is distinct from
CompSAS, similarities to CompSAS are relevant to
our findings. Our study indicates that breath-to-breath
analysis of breathing during wakefulness, which may
be easier than spectral analysis of ECG-based cardio-
pulmonary coupling during sleep, might be able to
not only distinguish mixed apnea dominant from
pure obstructive sleep apnea but also predict CPAP
adherence.

There are several potential limitations of the pres-
ent work. First, arterial blood gas analysis was not
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performed. Thus, a possible effect of hypocapnia on the
irregular breathing during wakefulness in mix-OSAS
or in those with central apneas cannot be excluded.
However, if such a difference were present it would
be another reason to suggest that the root cause for
breathing irregularity is different. Second, repeat
polysomnography with CPAP was not performed at
follow-up. Of note, three patients with mix-OSAS had
relatively high AHI (roughly around 10.0) during rou-
tine CPAP use as documented in the adherence report
generated by CPAP equipment and obtained from
CPAP memory. Thus, it is possible that patients
with mix-OSA may be more likely to develop CPAP-
emergent central apneas. Third, this was a retrospec-
tive clinical sample. Given the 4% to 5% prevalence
of mix-OSAS, it would be difficult to do a prospective
study to examine this issue. However, we point out
that the recordings were extracted before a sleep
study, and the matching to other groups was randomly
done and analyzed in the same manner. In this regard
there may be a bias that the recordings were acquired
before sleep. Although all records were scored for
state (in this case wakefulness using standard criteria)
by investigators blinded to the group assignment,
there may be differences in cortical control of breath-
ing in patients with mix-OSAS and central apneas as
compared with those with purely obstructive events.
Whether the structure of breathing is also different at
other times of the day during quiet wakefulness would
need to be studied separately.

In summary, we conclude that irregular breathing
during wakefulness and poor adherence to CPAP
in the mix-OSAS group suggest distinct features of
mix-OSAS as compared with pure-OSAS and con-
trol subjects. Mixed apneas may be part of central
apneas rather than obstructive apneas, and specific
or additional treatment using CPAP may be needed
to treat patients with mixed apnea-dominant sleep
apnea. Furthermore, an assessment of resting breath-
ing pattern variability during wakefulness might be
not only a window to explore the central respiratory
control system but also a new tool to distinguish clini-
cally important OSAS phenotypes.
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