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18.1 Co-Morbid Insomnia and Sleep Apnea
(COMISA)

Despite the frequent presentation of both sleep apnea and
insomnia in the same patient, it was not immediately recog-
nized that their combined presence could exacerbate and
intensify the symptoms of each. COMISA was first identi-
fied by Guilleminault, Eldridge, and Dement [, 2]. The
article alerted clinicians to the possibility that patients with
insomnia might be unaware of their sleep apnea symptoms
and thus of the consequent risk of misdiagnosing the condi-
tion as a case of uncomplicated insomnia. The article had a
very limited impact over the next 30 years until the publica-
tion of findings in 1999 and 2001 showing that insomnia and
obstructive sleep apnea (OSA) have 30% to 50% comorbid-
ity rates [3-6]. Since 1999 a substantial number of studies
have further documented the considerable overlap and bidi-
rectional relationship of comorbid insomnia and OSA [6].

COMISA has remained a persistent challenge to treat
well. This observation emphasizes the importance of screen-
ing for insomnia in a “‘sleep apnea clinic,” most expeditiously
by providing the patient with a screening questionnaire prior
to the interview. When compared to patients with OSA who
do not have insomnia, COMISA patients frequently show
poor adherence with using continuous positive airway pres-
sure (CPAP) therapy [6—13]. A major part of the challenge of
dealing with this patient group thus relates to how to increase
the initial acceptance of and subsequent use of CPAP ther-
apy. This has led to advocacy of the importance of treating
insomnia disorder prior to or concurrently with initiating
CPAP treatment [6—13].

First-line treatment of chronic insomnia is cognitive
behavioral therapy for insomnia (CBT-I). Chapter 17
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Part 3 in this book describe the use and efficacy of CBT-I in
COMISA patients. When CBT-I is not available, hypnotic
agents may need to be considered.

18.2 Sedative/Hypnotic Agents in Patients
with OSA

18.2.1 Overall Effects

A literature review of studies by Mason et al. contained in
the Cochrane Airways Group Specialized Register of Trials
found that a wide range of medications, including remifent-
anil 0.75 mcg/kg/hr (infused opioid), eszopiclone 3 mg, zol-
pidem 10 and 20 mg, brotizolam 0.25 mg, flurazepam 30 mg,
nitrazepam 10 mg to 15 mg, temazepam 10 mg, triazolam
0.25 mg, ramelteon 8 mg and 16 mg, and sodium oxybate
4.5 g and 9 g, did not produce a deleterious effect on OSA
severity as measured by change in apnea-hypopnea index
(AHI) or oxygen desaturation index (ODI) [14-23].
Zolpidem at 20 mg, flurazepam 30 mg, remifentanil infu-
sion, and triazolam 0.25 mg, however, did result in signifi-
cant oxygen desaturations statistically and clinically
suggesting caution with these agents at these doses. In two
clinical trials, eszopiclone 3 mg and sodium oxybate 4.5 g
decreased AHI (compared to placebo) [14]. The reviewers
concluded that no evidence existed that these pharmacologi-
cal compounds produced significant adverse changes in the
AHI or ODI and thus did not severely effect OSA severity
[14]. Caution was still suggested because the studies
reviewed were small and short duration, and there are
instances where oxygen desaturation could occur with par-
ticular agents at certain doses, such as zolpidem at higher
than therapeutically recommended doses, which should not
be used. The authors suggested that further investigation of
agents which decreased AHI as a therapeutic option may be
worthwhile for a subgroup of OSA patients [14].
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18.2.2 Benzodiazepines (BZDs)

Efforts to treat insomnia in the context of obstructive sleep
apnea used to be focused on benzodiazepines (BZDs) before
the advent of non-benzodiazepine hypnotics. There are many
concerns with BZD’s treatment for insomnia in general
which include abuse, dependence, addiction, withdrawal,
rebound insomnia, falls, cognitive impairment, and adverse
changes in sleep architecture such as promoting light sleep
while reducing deep and REM sleep [24, 25]. In addition to
the overall adverse central nervous system (CNS) depressant
effect of these agents, concerns for COMISA patients also
include the decreased ventilatory response to hypoxia and
reduced upper airway muscle tone as well as any other mech-
anisms exacerbating sleep disordered breathing [26-30].

Some studies have found adverse changes with some
BZDs such as flurazepam and triazolam while others not,
such as with temazepam in mild OSA and nitrazepam in mild
to mod OSA patients [16-19]. A study by Berry et al. focused
on the effects of triazolam (0.25 mg) in 12 patients with
severe sleep apnea in a randomized crossover study [19].
Measurements of sleep were determined by polysomnogra-
phy. Triazolam was found to increase the arousal threshold to
airway occlusion, and this produced only a modest prolonga-
tion in the duration of events in this patient group.

There is a body of evidence against the use of BZDs in
COMISA patients. For example, a recent study by Wang et al.
performed a retrospective case review using the Taiwan
National Health Insurance Database from 1996 to 2013 with
the purpose of quantifying the extent of acute respiratory
events among COMISA patients who were users of hypnotics
[31]. The case group included 216 hypnotic users who were
diagnosed as having experienced acute respiratory events,
including pneumonia and respiratory failure. The hypnotics
used included both benzodiazepines (BZDs) and non-benzo-
diazepines (non-BZDs). Following an adjusted multivariate
analysis, the authors concluded that long-term BZD use may
increase the risk of acute respiratory failure in OSA patients.

Although the effects of BZDs on OSA may be modest,
BZDs are not ideally recommended for the treatment of insom-
nia in general or to patients with COMISA. There may however
be instances when they may need to be prescribed like when
there are severe comorbid refractory disorders of anxiety or
PTSD with COMISA, although further studies are needed.

18.2.3 Non-benzodiazepines (Non-BZDs)

Non-benzodiazepines are a better treatment choice than
BZDs for treatment of insomnia in general and in particular
for COMISA patients.

Various studies have shown that non-benzodiazepines
compared to BZDs can increase total sleep time, improve

sleep continuity along with sleep architecture, and have
fewer adverse effects and fewer interactions [32-39].

Given the limitations of BZDs, various studies have been
carried out concerning the safety and efficacy of non-BZDs
for insomnia in the context of sleep disordered breathing or
obstructive sleep apnea. GABAergic non-benzodiazepine
agents, zolpidem, zaleplon, and eszopiclone, have been
investigated in OSA patients. There is evidence that non-
BZDs are a better alternative to BZDs and may improve
sleep without causing respiratory depression. The advantage
of these agents are that they may have only limited muscle
relaxant effects, which is a benefit to treating the core breath-
ing problems of OSA.

Further, there is some evidence that these agents may not
worsen sleep apnea and may alternatively decrease AHI in
certain populations with potential to improve tolerance and
adherence to CPAP therapy [40-53].

A meta-analysis by Nigram et al. of published studies over
the 30-year period between 1988 and 2017 evaluated the effi-
cacy and safety of non-benzodiazepine sedative hypnotics
(NBSHs), included agents such as zolpidem, zaleplon, and
eszopiclone [54]. The meta-analysis, comprising data from a
total of 2099 patients, found that the NBSH drugs did not
increase AHI, regardless of the baseline AHI values (mild,
moderate, severe, or no OSA). The AHI was found to improve
minimally with use of NBSH drugs, but eszopiclone showed
the greatest difference, having an MD of —5.73 events/h.

Another literature review identified eight controlled clini-
cal trials (with 448 patients) on the effect of non-BZDs on
sleep quality and severity of OSA symptoms, including the
AHI index and the nadir of arterial oxygen saturation (SaO2)
[55]. The review by Zhang et al. supported the conclusion
that non-BZDs in typically recommended doses improved
sleep quality without worsening sleep apnea in OSA patients.

18.2.4 Non-benzodiazepines for OSA
Without CPAP

A small pilot study (n =22) by Rosenberg et al. was conducted
prior to larger OSA/COMISA studies for eszopiclone [56].
The objective of the study was to evaluate the effect of eszopi-
clone 3 mg on respiration, sleep, and safety in mild-moderate
OSA patients who were withdrawn from CPAP. The study was
a double-blind, randomized crossover design with patients
(35-64 years) receiving eszopiclone 3 mg or placebo on two
consecutive nights in the sleep laboratory. There was a 57 day
washout between the two treatments. Eszopiclone administra-
tion without CPAP did not worsen AHI and was found to
improve sleep maintenance and efficiency.

An open label trial investigated the effect of zolpidem
10 mg over a period of 9 weeks on 20 patients who were suf-
fering from idiopathic central sleep apnea [57]. Although
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three patients experienced significant increases in obstruc-
tive events, the majority of patients showed decreases in cen-
tral apnea/hypopneas and associated symptoms with
zolpidem. They also had improved sleep continuity and
decreased subjective daytime sleepiness.

18.2.5 Non-benzodiazepines for OSA Treated
with CPAP

The first large (n = 226), randomized, double-blind, placebo-
controlled study of eszopiclone in OSA patients receiving
diagnostic polysomnography (PSG) or CPAP titration investi-
gated the effects of eszopiclone 3 mg on various parameters of
sleep quality among the 226 patients to evaluate whether such
treatment would improve the quality of diagnostic PSG and
CPAP titration studies [58]. Either eszopiclone or placebo was
administered once on the night of testing, just before polysom-
nography. Compared to placebo, pretreatment with eszopi-
clone improved CPAP titrations and produced fewer residual
events/h (5.7 vs. 11.9) and fewer incomplete titrations (31.1%
vs. 48.0%). There was also a trend for more non-usable studies
with placebo than with eszopiclone (7.1% vs. 2.7%) with the
authors concluding routine use of non-benzodiazepines as pre-
medication for PSG should be considered.

In another placebo-controlled study, the 16 participants
with severe OSA and on CPAP therapy for at least 6 months
received zolpidem 10 mg [59]. All patients were tested dur-
ing one night of CPAP use. Sleep architecture, AHI, and arte-
rial oxygen saturation showed no differences between
zolpidem and placebo.

18.3 Hypnotic Agents and CPAP
Adherence

18.3.1 Hypnotic Medications (Type Not
Specified)

In a retrospective chart review of short-term CPAP therapy
among 400 consecutive patients, only age and one-time sed-
ative/hypnotic use during titration polysomnography were
found to correlate with short-term compliance [48].

18.3.2 Non-benzodiazepines

Bradshaw et al. in 2006 investigated the effects of zolpidem,
placebo, or standard care on compliance with CPAP therapy
among 72 male patients who had been referred for CPAP
treatment [47]. The duration of the study period was 14 days.
Among this group of new CPAP users, those who had been
given zolpidem did not show increased compliance to CPAP

therapy when compared to the placebo or standard care
group. Similarly, Park et al. studied 134 patients undergoing
their first night of CPAP therapy [60]. The investigators
sought to determine the effects on CPAP compliance of a
single dose of zaleplon 10 mg among 73 patients. It was
found that, at 1 month, zaleplon improved sleep latency and
had beneficial effects on sleep quality on self-report invento-
ries, when compared to placebo, but did not improve adher-
ence to CPAP therapy.

However, Lettieri et al. (2009), in a second double-blind,
randomized, placebo-controlled trial of eszopiclone, com-
pared the effect of eszopiclone 3 mg with a matching placebo
in 117 participants (of whom 98 completed the study) prior
to CPAP titration polysomnography with respect to short-
term CPAP compliance [49]. Compared to placebo, eszopi-
clone 3 mg improved residual obstructive events at the final
CPAP pressure (eszopiclone, 6.4 events/ h vs. placebo, 12.8
events/ h) and improved short-term CPAP compliance during
the first 4 to 6 weeks of therapy. Eszopiclone was found to
improve mean sleep efficiency to a greater extent over pla-
cebo (87.8%vs. 80.1%).

An additional double-blind, randomized, placebo-
controlled trial by Lettieri et al. was conducted to determine
if a short course of eszopiclone 3 mg during the first 2 weeks
of CPAP therapy, compared to placebo, would improve long-
term adherence to CPAP in 160 adults who had severe OSA
(mean AHI, 36.9 events/h) [50]. Adherence to CPAP in the
eszopiclone group was found to be superior to the placebo
group, in which patients used CPAP for 20.8% more nights.
Further, eszopiclone patients used CPAP for 1.1 hours more
than the placebo group over the course of 6 months.

These findings suggest that although there may be differ-
ences among the non-benzodiazepines in terms of effect and
compliance in COMISA patients, eszopiclone therapy may
potentially improve more consistently response, short- and
longer-term compliance with CPAP therapy [47-53].

18.3.3 New Dual Orexin Receptor Antagonists
(DORAs, Suvorexant, Lemborexant)

Orexin receptor antagonists appear to facilitate sleep by act-
ing selectively on and blocking the wake system of the brain,
which is mediated by orexin receptors. These receptors origi-
nate in the lateral hypothalamus and project throughout the
brain, including to respiratory centers in the brainstem. It has
thus been hypothesized that orexin receptors are involved in
the cardiorespiratory response to acute stressors [61].

One study showed that single-use suvorexant was a safe
and effective hypnotic for 84 patients with suspected OSA
and who experienced insomnia during overnight PSG by
Matsumura et al. [62, 63]. Patients who had difficulty falling
asleep were permitted to take suvorexant and if they contin-
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ued to experience insomnia (greater than one hour to fall
asleep) were optionally permitted to take zolpidem. The
resultant groupings were 44 achieved sufficient sleep with
single-use suvorexant alone and 40 who needed suvorexant
plus zolpidem. PSG results of 144 patients with AHI >=5
events/h, revealed 63.1% in the insomnia group had severe
OSA versus 70.8% in the non-insomnia comparison group.
When the insomnia and non-insomnia groups were com-
pared, there were no differences found in terms of subjec-
tively assessed sleep time or morning mood. The results
were interpreted to support the conclusion that single-use
suvorexant is a safe and effective hypnotic for laboratory
PSG in suspected OSA patients who suffer from insomnia.

Cheng et al. carried out a randomized, double-blind,
placebo-controlled, two-period crossover study to examine
respiratory safety parameters of lemborexant 10 mg (a
DORA with more OX2 orexin receptor blocking affinity
than OX1) in 39 individuals who had mild OSA [64]. The
subjects were assigned to one of two treatment conditions to
receive either lemborexant or placebo and continued on this
for 8 days. This was followed by a washout period of 14 days,
after which the subjects crossed over to receive the compari-
son agent. Lemborexant was not found to worsen mean AHI
index nor reduce mean oxygen saturation following single or
multiple doses when compared to placebo. These findings
supported the conclusion that lemborexant at the 10 mg dose
demonstrated respiratory safety in this adult and elderly mild
OSA study population.

Recently, Moline et al. conducted a multi-centre, random-
ized, double-blind, placebo-controlled, two-period crossover
study on the effects of lemborexant in 33 subjects with
untreated moderate to severe OSA; data from the cohort of
patients showed no increase in AHI or decrease in peripheral
capillary oxygen saturation following single dose or 8 nights
of treatment [65]. Given these safety findings and that lembo-
rexant has been shown to significantly increase REM sleep
compared to placebo in early trials, there is a suggestion it
could play a significant role improving CPAP compliance by
alleviating middle and late insomnia in particular, lessening
REM-related obstructive sleep apnea through better compli-
ance, possibly helping decrease REM-related OSA’s cardio-
vascular risk and complications in those predisposed, although
more studies are needed [66, 67]. Positive long term 12 month
sleep data for initial, middle and late insomnia along with
positive early phase multiple PSG data (7 PSGs in Sunrise 1)
with lemborexant suggests a potential long-term CPAP com-
pliance study would be feasible and informative [68—71].

18.3.4 Antidepressants and OSA (Trazodone
and Mirtazapine)

In various studies of both clinical and community-based
populations, high rates of depression have been found in

individuals diagnosed with OSA [72, 73]. While hypotheses
for the linkage between the two conditions have been
advanced, the exact mechanisms underlying the association
have not been established [72, 73]. Additionally, the effect of
antidepressants on OSA has only been minimally studied,
possibly due to conceptual concerns that sedatives might
worsen OSA in some patients. Nevertheless, some prelimi-
nary efforts have examined how trazodone might alter the
arousal threshold and OSA severity in patients with
OSA. Trazodone is a widely prescribed antidepressant which
possesses hypnotic properties with associated increases in
the arousal threshold.

Limited work in animal models and small-sample size
clinical studies suggested to Smales et al. that these effects
would not alter upper airway muscular activity and thus that
the agent would have potential for reducing symptoms of
OSA [74]. The investigators thus studied the effect of 1 week
of trazodone or placebo administration in 15 OSA patients in
a randomized crossover design study. Compared to placebo,
trazodone was found to reduce the AHI index without wors-
ening oxygen saturation or respiratory event duration. Eckert
et al. studied the effects of trazodone in seven patients with
OSA who had a low arousal threshold using a within subjects
crossover design [75]. Trazodone was found to increase the
respiratory threshold, but did not alter the AHI index, nor did
it affect dilator muscle activity. This improvement in arousal
threshold was not sufficient however to overcome the restric-
tive upper airway anatomy of these patients.

Similar to trazodone, mirtazapine has been the focus of
relatively few studies regarding its efficacy for the treatment
of sleep disordered breathing or OSA. Carley et al. studied
the effect of mirtazapine on OSA symptoms in 12 newly
diagnosed OSA patients [76]. The patients self-administered
mirtazapine, either 4.5 mg or 15 mg, or placebo each night
for three consecutive 7-day treatment periods. The order of
treatments was randomized for all patients. While both dos-
ages of mirtazapine were found to be superior to placebo, the
15 mg dosage was better than 4.5 mg for reducing the AHI,
while only the 15 mg dosage reduced the degree of sleep
fragmentation. The investigators concluded that in spite of
these improvements, they could not offer an unqualified
endorsement of mirtazapine in view of side effects of seda-
tion and weight gain. In a follow-up study, Marshall et al.
extended the basic experimental design of the Carley et al.
(2007) investigation but increased the number of dosage reg-
imens [77]. In the first component of the study, a three-way
crossover design was applied: 20 OSA patients were asked to
self-administer 7.5, 15, 30, and/or 45 mg or placebo before
going to bed for 2 weeks at each dose. In a second parallel
study, 65 OSA patients were asked to self-administer mir-
tazapine 15 mg or mirtazapine 15 mg plus compound
CDO0012 or placebo for 4 weeks. The investigators were
unable to find any improvement in measures of sleep apnea
following any of the dosage courses of mirtazapine and thus
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were not able to recommend the drug for treating OSA
Symptoms.

In a randomized, double blind crossover study on venla-
faxine by Schmickl et al., it was found that AHI improved by
19% in patients with high arousal threshold (—10.9 events/h)
but tended to increase in patients with a low arousal threshold
(+7 events/ h) with other predictors including elevated AHI
and less collapsible upper airway at baseline, concluding that
venlafaxine simultaneously worsened and improved various
pathophysiological traits, resulting in a zero net effect, and
that careful patient selection based on pathophysiologic traits
or combination therapy with drugs countering its alerting
effects may produce a more robust response [78].

18.4 Medications for COMISA Conclusion

COMISA is a complex but common sleep disorder, which
can result in increased morbidity and mortality more so than
if either insomnia or obstructive sleep apnea were present
alone. The presence of both disorders can make clinical diag-
nosis and treatment of each more difficult. Given the bidirec-
tional nature of the disorder, optimal treatment of COMISA
is multidisciplinary. CBT-I is not only first line for treatment
of insomnia but also for insomnia of COMISA with the addi-
tion of CPAP contemporaneously or after, which may also
improve CPAP compliance.

However, given the complexity, severity, chronicity, and
refractoriness of the disorder along with comorbidities and
the practical issues of CBT-I availability, sedative/hypnotics
may be needed. The role of non-benzodiazepines for treat-
ment of insomnia may need to be considered, and prelimi-
nary evidence suggests certain ones such as eszopiclone and
zolpidem may be safe and effective at proper therapeutic
doses and duration, in untreated and treated patients on
CPAP, with eszopiclone possibly improving CPAP compli-
ance and lowering AHI more in untreated patients. This may
give relief to initial prescribers when insomnia severity war-
rants it and sleep apnea is not completely known waiting for
a PSG, although caution is always exercised when starting
any sedative/hypnotic agent.

DORASs look promising for treating COMISA, as studies
for lemborexant 10 mg single use and up to 8 nights did not
worsen AHI or lower mean oxygen saturation in adult or
elderly untreated patients with mild, moderate or severe
sleep apnea. Even suvorexant in combination with zolpidem
was found to be safe and effective in a single use PSG labo-
ratory context.

Given the many neurotransmitter systems involved in the
sleep-wake cycle and sedative/hypnotics with different
mechanisms of action, more research is certainly needed in
this complex area such as which agent, class, or combination
is optimal, the dosing, timing, and duration of treatment in
relation to patient insomnia type, severity, complexity, and

duration, along with whether CPAP or other therapy is pres-
ent or not. Effects on compliance and overall treatment
response will also need to be examined with the various
treatment agents, comparing different classes and particular
agents.
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