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Abstract: Complex sleep apnea syndrome (CompSAS) is a distinct form of sleep-disordered
breathing characterized as central sleep apnea (CSA), and presents in obstructive sleep apnea
(OSA) patients during initial treatment with a continuous positive airway pressure (CPAP)
device. The mechanisms of why CompSAS occurs are not well understood, though we have a
high loop gain theory that may help to explain it. It is still controversial regarding the preva-
lence and the clinical significance of CompSAS. Patients with CompSAS have clinical features
similar to OSA, but they do exhibit breathing patterns like CSA. In most CompSAS cases, CSA
events during initial CPAP titration are transient and they may disappear after continued CPAP
use for 4~8 weeks or even longer. However, the poor initial experience of CompSAS patients
with CPAP may not be avoided, and nonadherence with continued therapy may often result.
Treatment options like adaptive servo-ventilation are available now that may rapidly resolve
the disorder and relieve the symptoms of this disease with the potential of increasing early
adherence to therapy. But these approaches are associated with more expensive and complicated
devices. In this review, the definition, potential plausible mechanisms, clinical characteristics,
and treatment approaches of CompSAS will be summarized.

Keywords: complex sleep apnea syndrome, obstructive sleep apnea, central sleep apnea, apnea
threshold, continuous positive airway pressure, adaptive servo-ventilation

Introduction

The recognition of sleep apnea syndrome as a common and serious public health
problem has become widespread. Generally speaking, most patients with sleep apnea
syndrome are diagnosed with obstructive sleep apnea syndrome (OSAS). Continuous
positive airway pressure (CPAP) is the first-line noninvasive treatment for OSAS
and can efficiently suppress obstructive respiratory events. However, it has long
been noted in sleep disorder clinics that some patients presenting predominantly
with obstructive sleep apnea (OSA) at baseline experience accompanying central
sleep apnea (CSA) events after tracheostomy or application of CPAP.!'? The term
“treatment-emergent central apnea” was previously used to describe this phenom-
enon. Then, Gilmartin et al® introduced “complex sleep-disordered breathing,” a new
name for this, and Morgenthaler et al* termed this type of sleep-disordered breath-
ing as “complex sleep apnea syndrome.” Recently, the term “complex sleep apnea
syndrome” (CompSAS) has gained popularity. However, considerable controversy
exists regarding CompSAS.>¢ Some researchers recognize the disease CompSAS
as a unique entity. On the other hand, some researchers think CompSAS is not a
disease but comprises a vaguely defined group of entities with varying etiologies,
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and many of its forms are generally innocuous and self-
limited. A number of entities are frequently lumped into
the term “complex apnea”: eg, inadequate or excessive
titration, substantial mask leak leaving residual events,
residual sleepiness on CPAP, and sleep transition apneas
upon CPAP initiation. Recently, CompSAS has attracted
attention from the sleep medicine community. In this
review, the definition, potential plausible mechanisms, and
clinical characteristics, including treatment approaches for
CompSAS, will be summarized.

Definition

The definition of CompSAS is diverse in the literature. In
most, sleep apnea initially manifests as an obstructive com-
ponent, but the presentation of frequent central components
or a predominant Cheyne—Stokes respiration pattern after
the removal of upper airway obstruction has been defined
as CompSAS.2*7 Using this definition, patients are said
to have CompSAS when their diagnostic polysomnogram
shows them to have OSA, but during subsequent therapy
that eliminates events defining OSA, the residual central
apnea index (CAl) is five or more events per hour or a
Cheyne—Stokes respiration pattern that becomes prominent
and disruptive.

In the US, the Centers for Medicare and Medicaid Ser-
vices in the Durable Medical Equipment Regional Carrier
Region D Supplier Manual (CMS Pub 100-03, Medicare
National Coverage Determinations Manual, Chapter 1,
Section 280.1) states: “Complex sleep apnea (CompSA) is a
form of central apnea specifically identified by the persistence
or emergence of central apneas or hypopneas upon exposure
to CPAP or an E0470 device when obstructive events have
disappeared.”

Sometimes the appearance of central sleep-disordered
breathing has also been seen with non-CPAP treatments for
OSA, including tracheostomy, maxillomandibular advance-
ment surgery, and mandibular advancement device. Fletcher®
reported on a patient who 4 years earlier underwent curative
tracheostomy for severe OSA and then had a 23 kg weight
gain. This patient redeveloped hypersomnolence and, when
restudied, apneas of similar frequency, duration, and depth of
desaturation reappeared but were now totally central in origin.
Kuzniar et al’® reported on two patients with CompSAS who
had similar phenomena when treated with an oral appliance.
In an observation by Corcoran et al,'° a 38-year-old male who
developed marked CSA 3 months after a maxillomandibular
advancement surgery for moderate OSA was reported. In a
later report, Goldstein and Kuzniar!! described a patient with

OSA and new-onset CSA after nasal and sinus surgery. So
the definition of CompSAS may be broadened to include
diagnosis of CompSAS in non-CPAP-treated patients who
are managed with, for example, a dental appliance or a sur-
gical procedure.

Mechanisms

Chemoreceptor inputs (medullary neurons responding to
CO, via shifts in H* concentration and peripherally at the
carotid body via PaO, and PaCO,) play a key role in modu-
lating ventilation.!> In most cases, the major determinant of
minute ventilation is PaCO,. PaCO, is tightly maintained
near 40 mmHg during wakefulness. During sleep, the
chemosensitivity to both CO, and O, falls and varies with
sleep stage. A mean PaCO, of 45 mmHg occurs during
stable sleep. Behavioral influences and neurocompensa-
tory responses strongly inhibit apnea, even in the presence
of marked decreases in PaCO, during wakefulness, but
this is not the case during sleep. Indeed, during sleep, all
individuals are susceptible to breathing cessation when
PaCO, falls below a critical threshold known as the apnea
threshold."*"'> The apnea threshold is usually 2—-6 mmHg
below the eucapnic sleeping PaCO, level. This typically
equates to the wakefulness eucapnic PaCO, level or mar-
ginally lower. The ventilatory output to a given change in
PaO, or PaCO, can vary greatly among individuals and
with disease status. Highly sensitive chemoresponses can
place an individual at risk for unstable breathing patterns,
because these individuals “over-respond” to small changes
in chemical stimuli. For example, to a given increase in
PaCO,, an individual with high chemosensitivity will
respond by increasing ventilation to a greater extent than an
individual with low chemosensitivity. This increased venti-
lation will continue until the resultant reduction in PaCO,
is detected by the chemoreceptors. Thus, individuals with
high chemoresponsiveness will hyperventilate markedly,
lowering PaCO, below the eucapnic level and leading to
hypopnea and potential apnea.'®'® This may be explained
in the context of so-called loop gain. In fact, a high loop
gain may be the essential underlying mechanism for all
central disordered breathing patterns occurring during
sleep, including CompSAS. “Loop gain” is an engineering
term that is a measure of the stability or instability in the
ventilatory control system. Loop gain is mathematically
defined as the ratio of a corrective response (eg, hyperpnea)
to a disturbance (eg, apnea). If corrective responses are
greater than the disturbance (loop gain >1), then small
disturbances can lead to self-sustaining oscillations. Those
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with high loop gain are prone to instability, whereas those
with low loop gain are quite resistant to periodic breath-
ing.!*2? Younes et al® assessed ventilatory loop gain with
the proportional-assist ventilation technique. In this study,
individuals with high loop gain develop periodic breath-
ing with minimal proportional-assist ventilation support
when those with low loop gain do not develop periodic
breathing, even with considerable proportional-assist
ventilation support. In fact, currently, the exact mecha-
nisms of CompSAS are not well understood. Presumably,
there must be dual causation that includes anatomic and
physiologic vulnerability to OSA plus a central breathing
control instability leading to chemo-reflex dysfunction.
Among this process, high loop gain may be required. In
some cases of CompSAS, we can see a typical crescendo-
decrescendo respiratory pattern indicative of a high loop
gain state.*

Though we have loop gain theory as a basic mechanism
hypothesis for the ventilatory overshoot in CompSAS, prox-
imity of sleep apneic threshold to awake PaCO,, low arousal
threshold, and incomplete control of obstruction have all been
postulated to contribute to the development of CompSAS
under various clinical circumstances.?

Changes in CO, excretion occur with the relief of upper
airway obstruction.’® A high upper airway resistance can
dampen the ventilatory control system, reducing the effi-
ciency of CO, excretion. With the application of CPAP,
the upper airway is opened by effectively removing a large
resistance from the respiratory system. The efficiency of
CO, excretion is improved, and thus hypocapnia can result.
If the resulting PaCO, falls below the CO, apnea threshold,
then cessation in respiratory effort may be expected. Over
the course of several days to weeks, the CO, apnea threshold
may or may not improve, resulting in resolution of the central
apnea or not, respectively.'® Several other factors have also
been proposed for the emergence of central apnea following
the initiation of CPAP therapy. Over titration of CPAP is
thought to lead to central apnea, although the mechanisms
are poorly understood. One reason may be the activation of
lung stretch receptors, which may inhibit central respiratory
motor output. Another possibility is that washing out of CO,
from the anatomical dead space may occur if mask leak or
mouth breathing develop at high CPAP levels. Initiation of
CPAP may worsen sleep quality, and transitions from sleep
to wake can contribute to central apneas associated with state
instability.?” In such cases, the ventilatory response to arousal
can drive the PaCO, below the CO, apnea threshold, yielding
central apnea during subsequent sleep. CPAP intolerance

secondary to an elevated nasal resistance may relate to fre-
quent arousals, which could presumably contribute to the
increase in CSA.% The potential mechanisms of CompSAS
that are available are summarized in Figure 1.

Risk factors, prevalence, and clinical

characteristics

Common risk factors for CSA include systolic heart failure,
atrial fibrillation, cerebrovascular diseases, and use of opioid
drugs, which may also be the risk factors associated with
CompSAS.»*-! Bitter et al*?> performed a cohort study of
patients with congestive heart failure (CHF) and CompSAS.
Of 192 patients with CHF and moderate to severe OSA
undergoing CPARP titration, 34 (18%) developed CompSAS.
The definition of CompSAS used in this study was consider-
ably more demanding than in previously published series.
In this study, CompSAS was defined as =15 episodes of
central apnea or periodic breathing per hour during CPAP
titration and <10% of events being obstructive. An additional
36 patients (19%) presented with mild CSA (5—14/hour), who
did not meet the criterion in this article. The prevalence of
18% observed in this study accompanied by an additional
19% of patients presenting with a CSA of over five per
hour during CPAP introduction suggests that CompSAS
is considerably more common in those with CHF, and that
with increased numbers of patients with CHF being screened
and treated for OSA, it will be an increasing clinical prob-
lem associated with CompSAS. In this study, patients with
CompSAS had lower diastolic blood pressure, a lower rate
of diuretic use, and a higher New York Heart Association
classification than patients without CompSAS.

Many studies investigated the prevalence and natural
course of CompSAS, and the prevalence varies from about
1% to as much as about 20% (see Table 1). There may be
genetic, environmental, or cultural differences among the
patients, and the prevalence of CompSAS in a given patient
population would vary depending on the specific diagnostic
criteria applied. Currently, most studies on CompSAS have
shortcomings. For example, classification of CompSAS in
some studies was based on split-night studies. It is conceiv-
able that a half-night CPAP titration is not representative of
the whole night, and in a split-night study, placement of the
mask and a rapidly escalating pressure for hasty titration
during the second half of the night could be disruptive to
sleep, resulting in arousals and transitions in sleep stages
with consequent fluctuation in PCO,, which could promote
instability of breathing. Furthermore, most studies were
conducted retrospectively and with small sample sizes.
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Figure | Potential mechanisms for CompSAS.

Abbreviations: CPAP, continuous positive airway pressure; CompSAS, complex sleep apnea syndrome.

Patients with CompSAS have clinical features similar
to those patients with OSA, but they also exhibit breathing
patterns close to patients with CSA. From some perspectives,
their clinical features lie between those of patients with OSA
and CSA.

Most studies suggest that CompSAS patients are, on
average, middle-aged, and there is no significant difference
between CompSAS and OSA.*#?%30:3336 But in a prospective
study of 675 patients, 82 CompSAS patients were signifi-
cantly older (59.8 £ 9.7 years versus [vs] 55.4 + 11.6 years,

Table | The prevalence of complex sleep apnea syndrome

P =0.001).” CompSAS tends to occur among men. In a
retrospective study among Japanese patients, the prevalence
of CompSAS among males and females with OSA was
5.3% and 1.1%, respectively.’> Morgenthaler et al* found
that 81% of patients with CompSAS were men. Male sex
was more common in patients with CompSAS than in those
with pure OSAS or CSA (81% vs 60% vs 43%; P =0.027).
Lehman et al® also reported that the proportion of men was
higher in the CompSAS group (92% vs 79.1%, P < 0.01).
Like with OSA, patients with CompSAS are often obese.
In most epidemiologic investigation, there was no differ-
ence between the CompSAS and OSAS groups regarding
body mass index (BMI).2%3%3337 But Pusalavidyasagar et al*’
demonstrated that BMI in CompSAS was lower when com-
pared with OSAS patients. Adversely, Yaegashi et al*® found
that CompSAS patients showed a tendency toward a higher
BMI when compared with an OSAS group. A racial differ-
ence was thought to be one of the potential reasons for the
differences. CompSAS patients may be less prone to having
excessive daytime sleepiness than those with OSAS. Kuzniar
et al** reported that CompSAS patients had mild daytime
hypersomnolence with an Epworth Sleepiness Score of 10
(interquartile range, 9~13).

Studies Reported Country Included Prevalence,
year patients,n %
Morgenthaler 2006 us 233 15.0
etal
Lehman etal® 2007 Australia 99 13.1
Dernaika et al®® 2007 us 16 19.8
Endo et al*? 2008 Japan 1312 5.0
Kuzniar et al®* 2008 us 200 6.5
Javaheri etal®® 2009 us 1286 6.5
Yaegashi et al®* 2009 Japan 297 5.7
Cassel et al” 2011 Germany 675 12.2
Westhoff et al*® 2012 Germany 1776 0.56
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Most reports demonstrate that it is difficult to distinguish
definitely between CompSAS and OSA using only diagnostic
polysomnography (PSG), because patients with CompSAS
are generally similar to those with OSA until CPAP is
applied. However, there may be some special characteristics
in the PSG from CompSAS patients. In retrospective research
in 297 patients who underwent a CPAP titration study for
OSAS, 17 patients had either an emergence or persistence
of CSA.3 There was no statistical difference between the
CompSAS group and the OSAS group in apnea-hypopnea
index (AHI), CAI, obstructive apnea index (OAI), mixed
apnea index (MAI), 3% oxygen desaturation index (3% ODI),
cumulative percentage of sleep time with SpO, below 90%
(CT90), sleep architecture, and arousal index on PSG. In the
comparison regarding the sleep body position or sleep stage,
both the total CAI and the CAl in the supine position during
nonrapid eye movement (NREM) sleep were significantly
higher in CompSAS patients than those in the OSAS group.
Morgenthaler et al,* Lehman et al,* and Endo et al** all found
that patients with CompSAS had a higher AHI, CAI, and MAI
than those with OSAS. Cassel et al*’ found that there was
a trend toward higher arousal index, and significantly more
awakenings were observed in CompSAS patients. In all these
studies, CompSAS patients had a higher CAI and showed that
the majority of central apneas occurred during NREM sleep
in PSG. During titration, CPAP led to clear improvement in
AHI for patients with OSAS but incomplete resolution of
sleep-disordered breathing in patients with CompSAS.

In CompSAS, most CSA events during initial CPAP
titration are transient and they may disappear after continued
CPAP use. Only a few CSA events persist despite contin-
ued CPAP follow-up, which is defined as CPAP-persistent
CSA. In contrast, there are also some patients who do not
have CSA in initial CPAP titration but who develop CSA
during long-term CPAP treatment. It is suggested that CSA
events occurring during CPAP titration appear to represent a
benign and transient phenomenon.*® CPAP “nonresponders”
(CPAP-persistent CSA) might have higher initial sleepi-
ness, a trend toward lower BMI, and more severe OSA than
“CPAP responders,” and use of opioids could be a potential
risk factor.3*3

Treatment

Perhaps the most crucial concern for patients with CompSAS
is whether there is a preferential treatment approach. The
coexistence of obstruction and ventilatory dysregulation that
characterizes CompSAS suggests a need to correct both of
these mechanisms for successful treatment. In parallel to

OSA patients, continued apnea activity may be associated
with adverse health effects, such as hypertension, cardiovas-
cular disease, and stroke.***! Goals of treatment of CompSAS
are normalization of the AHI and sleep architecture in order to
reduce the complications and improve quality of life. Patients
with CompSAS may have a poor initial experience with
CPAP. But some CSA events during initial CPAP titration
are transient and they disappear after continued CPAP use. So
CPAP is still the first-line treatment for the CompSAS. Other
than CPAP, various therapeutic options have been studied,
including adaptive servo-ventilation (ASV), bi-level positive
airway pressure (bi-level PAP), supplemental oxygen, CO,,
or medication.

CPAP

CPAP devices produce steady pressure that does not change
during the respiratory cycle. It is the first-line noninvasive
treatment for OSAS, and can almost completely suppress
obstructive respiratory events. But CPAP typically does
not acutely resolve central apnea activity. Patients with
CompSAS may have a poor initial experience with CPAP
and thus may be nonadherent with therapy. Using retro-
spective data and OSAS patients as a comparison group,
Pusalavidyasagar et al** documented that although patients in
both groups had a similar diagnostic AHI, CompSAS patients
had a significantly higher AHI during the CPAP titration
(CompSAS AHI on CPAP 24.6 £ 21.6 vs OSAS AHI on
CPAP 2.1 £2.7), and most of the residual respiratory distur-
bance was from central apneas that emerged on CPAP. Mean
time to the first follow-up was shorter in CompSAS patients
(46.2 £ 47.3 days vs 53.8 £ 36.8 days), and interface prob-
lems were more common in CompSAS patients, especially
air hunger/dyspnea (8.8% vs 0.8%) and inadvertent mask
removal (17.7% vs 2.6%). Some researchers suggest that
most CSA events can disappear after continued CPAP use. It
is still not clear what proportion of patients with CompSAS
may improve over time with continued CPAP treatment.
Dernaika et al,* in their prospective case-control study,
documented the disappearance of central apnea activity
with CPAP in 12 (86%) of 14 patients with CompSAS over
2-3 months. The investigators stated that CSA events occur-
ring during CPAP titration were transient and self-limited,
whereas only one patient with diastolic dysfunction on
baseline transthoracic echocardiography showed continued
CSA events. Unfortunately, the applicability of their data is
limited because they excluded patients with any significant
comorbidities, including CHF by history or previous echocar-
diography, chronic obstructive pulmonary disease or other
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significant lung disease, daytime hypercapnia or hypoxemia,
cerebrovascular disease, seizure disorder, or a history of use
of benzodiazepines, narcotics, or illicit drugs. In a retrospec-
tive case series, Kuzniar et al** evaluated 13 patients who
had CompSAS during the first overnight CPAP titration.
Repeat therapeutic PSGs were performed after 195 (49-562)
days. On the follow-up study, seven of 13 patients reached
AHI < 10. The low number of patients and retrospective
character of data collection are the main limitations of this
study. Cassel et al’” investigated 675 patients with OSA
receiving CPAP treatment. During the baseline CPAP night,
82 patients had CompSAS. The follow-up evaluations took
place after a median of 14 weeks, and 30 patients fulfilled
the criteria for CompSAS. The prevalence of CompSAS
was significantly reduced from 12.2% to 6.9%. In a large
retrospective study of 1286 patients with a diagnosis of OSA
who underwent titration with CPAP, CompSAS occurred in
84 patients (6.5%). However, after 8 weeks of CPAP therapy,
they estimate that 1.5% of the patients with OSA continued
to have CompSAS with long-term use of CPAP.** From these
very limited data, it seems likely that most CompSAS patients
will improve completely with long-term use of CPAP. This
variability in CPAP response is probably due to heterogene-
ity in the CompSAS group or to variable factors governing
adaptation that are not yet well understood. However, how to
distinguish patients who might stabilize over time from those
who will suffer ongoing complex apnea activity is unknown,
and the time required for adaptation of ventilation is also
unknown. Patients who have a bad initial experience with
CPAP have a worse adherence to therapy, and those who fail
with CPAP compliance over longer periods will not enjoy
benefits of treatment while awaiting adaptation.

Adding oxygen to CPAP may result in better control of
CSA and clearance of CompSAS, likely via reduction of the
hypoxic respiratory drive. However, limited data exist regard-
ing combination therapy with CPAP and oxygen.* Patients
with comorbidities requiring oxygen therapy independent of
their CompSAS (hypoxemic patients with chronic pulmonary
and cardiac diseases) may be good candidates for a trial of
CPAP with oxygen.*

Combining CPAP with added carbon dioxide has been
shown to correct the CSA pattern in a study. Thomas et al*
reported successful treatment using a prototype device, the
positive airway pressure gas modulator. In their case series,
they selected six adult men with severe poorly controlled
mixed sleep-disordered breathing in the absence of renal
or heart failure. The AHI before treatment was 66 *+ 14.5/h
and on best treatment was 43 + 9/h. Addition of 0.5% to 1%

carbon dioxide using a positive airway pressure gas modu-
lator rapidly immediately corrected CSA, the residual AHI
was in the normal range (<<5/h), and no adverse effects on
overall sleep architecture were noted. But the data were
limited and the sample was small. Further randomized trials
will be required to assess the feasibility.

Increasing in physiological dead space has been reported
to control nonobstructive sleep-disordered breathing,
although it has not been previously used with positive airway
pressure therapy.*® Thomas*’ reported a CHF patient who
improved sleep-disordered breathing by positive airway pres-
sure with added dead space successfully. This was achieved
by using a nonvented oronasal mask and 4~6 inches of addi-
tional standard tubing followed by an exhalation valve. The
treatment was well tolerated with no increased sensation of
dyspnea or respiratory rate. When used with positive airway
pressure, small amounts of added dead space (150~200 cc
total, estimated 0.3%~0.7% inhaled CO,) seem adequate to
result in therapeutic benefit in CompSAS patients.

Bi-level PAP

There are still some debates as to whether bi-level PAP is
useful for CompSAS. A retrospective review evaluated 95
of 719 patients who used a bi-level PAP device for central
apnea over a 2-year period.*® Eighty of the 95 patients treated
with bi-level PAP were also treated with CPAP. Bi-level
PAP was more likely to worsen than improve central apnea.
Central apneas were more likely to worsen with bi-level PAP
than with CPAP. Other research included 39 patients with
CompSAS and found that there was no difference in any of
the polysomnographic indices on CPAP and bi-level PAP*
However, Morgenthaler et al” reported that bi-level PAP was
effective in normalizing breathing and sleep parameters. So
further systematic studies on the using of bi-level PAP are
needed.

ASV

ASV is a novel form of positive airway pressure unit that
continuously monitors the patient’s breathing pattern in
exquisite detail. The clinician sets the end expiratory pres-
sure, and the device determines the magnitude and timing of
ventilatory support during inspiration. Whenever it detects
significant reductions or pauses in breathing, it intervenes
with just enough support to maintain the patient’s breathing.
When the patient’s breathing problem ends, the machine backs
out gently. Also, when the patient’s breathing is stable, ASV
provides just enough pressure support to help maintain airway
patency.” Currently, there are two models of ASV, the ResMed
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VPAP-AdaptSV (ResMed Ltd, Bella Vista, NSW, Australia)
and the Respironics BiPAP-AutoSV (Philips Healthcare,
Andover, MA, USA). The benefit of ASV has been shown in
patients with heart failure and CSA in both short and long-
term studies, and many researchers suggest a future for this
technology.” ¢ ASV devices have been shown to be effec-
tive in controlling CompSAS activity. Bitter et al,* in their
research, offered ASV to all 34 patients with CompSAS, and
the investigations were repeated at 3-monthly follow-up visits.
Downloaded data from the device showed that the average
AHI for the entire treatment period was 5.2 = 7.1/h. Only in
one patient was ASV unsuccessful in reducing AHI below
15/h. In aretrospective case series of 18 subjects with Comp-
SAS, Brown et al*’ reported that ASV proved highly effective
in eliminating central apneas as well as obstructive and mixed
events. The AHI normalized from 48.5+30.2/ht0 3.6 +4.2/h
with ASV. A successful ASV titration (AHI = 10/h) was
achieved in 92% of patients, and 80% were stabilized using
more stringent criteria for success (AHI = 5/h). ASV also
significantly improved sleep fragmentation. The respiratory
arousal and total arousal indices decreased by 88% and 72%,
respectively. Furthermore, measures of oxygenation (SpO,
nadir and SpO, < 90%) improved with ASV. In a short-term
randomized trial, a group of nine patients with CompSAS used
both noninvasive positive pressure ventilation (NPPV) and
ASV. Both NPPV and ASV improved the AHI compared with
CPAP (AHI with CPAP 34.3 £25.7 vs NPPV 4.7 £ 5.8, and
ASV 0.912.8). The ASV device seemed to be more effective
than NPPV in resolving CompSAS activity.” Allam et al** also
reported that ASV was more successful than either CPAP with
oxygen or BiPAP-S/T. During diagnostic polysomnography,
the median AHI was 48.0 events per hour. With CPAP, the
median AHI decreased to 31 events per hour. BiPAP-S/T
improved the AHI to 15.0 events per hour. CPAP with oxygen
improved the AHI to ten events per hour. The most improve-
ment occurred with ASV, which decreased the median AHI to
five events per hour. During the follow-up period, the majority
of contacted patients (73%) reported improvement in sleep
quality and/or daytime sleepiness. Kuzniar et al*” described
their experience with patients using ASV in the treatment of
CompSAS. Data of 76 patients with CompSAS who were pre-
scribed a VPAP-AdaptSV or BiPAP-AutoSV in a nonrandom-
ized parallel design were retrospectively analyzed. Thirty-five
patients received a VPAP-AdaptSV device, and 41 patients
were treated with BiPAP-AutoSV. On the titration study, the
expiratory pressure required to control obstructive events was
significantly lower in the VPAP-AdaptSV group than in the
BiPAP-AutoSV group. Residual CAI was not significantly

different. On follow-up of 4—-6 weeks, 24 patients (68.6%)
treated with VPAP-AdaptSV and 32 patients (78%) treated
with BiPAP-AutoSV were using their device. Mean nightly
use was 5.0 hours (2.8-6.4 hours) for the VPAP-AdaptSV
group and 6.0 hours (3.5-7.2 hours) for the BiPAP-AutoSV
group (P = 0.081). An improvement in Epworth Sleepiness
Scale score was seen in the BiPAP-AutoSV group com-
pared with the VPAP-AdaptSV group (4 [1-9] vs 2.5 [0-5],
P =0.02). The results of the study indicate that two servo-
ventilation devices are a comparable means of controlling
CompSAS and that compliance with them is high. Recently,
Javaheri et al*® evaluated the therapeutic performance of a new
auto servo-ventilation device (Philips Respironics autoSV
Advanced, Best, The Netherlands) for the treatment of Comp-
SAS. They found that BiPAP autoSV Advanced was more
effective than conventional BiPAP-AutoSV in the treatment
of sleep-disordered breathing. It is now believed that ASV
devices may rapidly resolve the disorder with the potential of
increasing early adherence to therapy. But pressure titration
on ASV devices is somewhat more complicated than CPAP
titration and requires greater proficiency in the technician.
Furthermore, the availability of these devices may be limited
owing to their high cost.

Medication

Acetazolamide is an effective treatment for CSA in heart
failure, at high altitude, and in its idiopathic form.>*
Acetazolamide administration in humans has been shown to
inhibit the ventilatory response of the peripheral chemorecep-
tors but to enhance central chemosensitivity to CO,. Opioid
therapy appears to have altered the CO, apnea threshold in
CompSAS patients."%? Glidewell et al® reported the use of
250 mg acetazolamide nightly at bedtime as an adjunct to
CPAP therapy for a 41-year-old white woman under long-
acting opioid therapy with CompSAS. A positive response to
the adjunctive use of acetazolamide in this case suggests that
acetazolamide may have utility in the broader management
of CompSAS related to chronic opioid therapy.

Conclusion

In most CompSAS cases, CSA events during initial CPAP
titration are transient and they disappear after continued
CPAP use. Because CompSAS patients have a poor initial
experience with CPAP, they may be nonadherent with con-
tinued therapy. Treatment options like ASV are available that
may rapidly resolve the disorder and relieve the symptoms of
this disease with the potential of increasing early adherence to
therapy. But not all CompSAS patients need an expensive and
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complicated device. Many questions about CompSAS remain
unresolved, such as the mechanisms underlying CompSAS
(though we have high loop gain theory that may shine some
light), the prevalence of CompSAS, and which patients will
finally resolve their CSA events along with CPAP use, and
more further bench and clinical studies are needed.
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