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In recent years, there has been a growing recognition of chronic pain that may be
experienced by patients. Historically, chronic pain has been given less importance
or simply ignored by many practitioners, with deleterious effects on patients. There
has been a movement toward treating these patients aggressively with pharmacologic
and nonpharmacologic modalities. Opioids have been a significant component of the
treatment of acute pain, with increasing use in cases of chronic pain, albeit with
some controversy.’? In addition to analgesia, opioids have many accompanying
adverse effects, particularly with regard to stability of breathing during sleep. This
article reviews the existing literature on the effects of opioids on sleep, particularly
sleep-disordered breathing (SDB).

EPIDEMIOLOGY OF NARCOTIC USE

Despite the widespread use of opioids in varying aspects of medical practice, there
are limited data on the specific usage or prescribing patterns of the most popular
opiate medications. The Automation of Reports and Consolidated Orders System
(ARCOS) is a mechanism whereby the Drug Enforcement Agency reports the amounts
of opiate medications distributed on a retail basis. The data provided by ARCOS
reports are limited in the sense that (1) veterinary usage is included, (2) usage of
opioids for nonanalgesia indications are not specified, and (3) they do not include
medications that were ultimately reordered or not distributed to patients.® The data
subsequently represent an overestimate of the quantities of opioids used for human
consumption.® Nevertheless, the amounts likely prescribed to patients remain
substantial. In 1990, more than 2.2 million g of morphine was used medically, including
3273 g of fentanyl, 1.6 million g of oxycodone, and 118,455 g of hydromorphone.*
When follow-up data in 1996 were evaluated, the use of fentanyl had increased by
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1168%, followed by morphine with an increase of 59%, oxycodone by 23%, and
hydromorphone by 19%. The only opioid medication to drop in usage was meperidine
(5.2 to 3.2 million g). This significant increase in the prescribing of opioids is important,
because they are known to have deleterious effects on the control of respiration,
particularly during sleep.

CONTROL OF NORMAL BREATHING WHILE AWAKE AND DURING SLEEP

Control of normal breathing is a complex interaction between central respiratory pace-
makers and interactions with central and peripheral chemoreceptors and mechanore-
ceptors. This control is also subject to alterations by voluntary and involuntary
behavioral controls. To understand the effects of opioids on SDB, it would be useful
to discuss the normal control of breathing in awake and sleep states.

Central respiratory rhythm generators, as well as those responsible for other behav-
iors such as swallowing and suckling, are located in the pontomedullary reticular
formation.® In neonatal animals at least, a collection of neurons called the pre-Bét-
zinger complex has been shown to have properties consistent with a central
respiratory pacemaker. A similar structure has not yet been found in humans. The
pre-Bétzinger complex is found within the rostral ventrolateral medulla oblongata
and contains neurons that produce rhythmic bursts of respiratory-like activity.® Even
when the downstream activity of these neurons is interrupted pharmacologically,
the neurons continue to fire in a rhythmic pattern, supporting their potential role as
central respiratory pacemakers.® Interruption of the pre-Bétzinger complex is associ-
ated with irregular breathing patterns, particularly during sleep.®” Another area impor-
tant in central respiratory pattern generation is the retrotrapezoid/parafacial
respiratory nucleus, also located in the ventrolateral medulla oblongata. Neurons
with pacemaker activity have also been found in this area, and it seems that both these
structures (the pre-Botzinger complex and retrotrapezoid/parafacial respiratory
nucleus) are required for normal respiratory rhythm.8°

Interactions between respiratory pattern generators and central and peripheral
receptors are a large determinant of the control of breathing. Metabolic control of
breathing involves reflex and tonic inputs from peripheral and central chemoreceptors
that detect changes in carbon dioxide (CO.)/oxygen (O,) levels or pH. The central
chemoreceptors are located in several locations, particularly the nucleus tractus
solitarius, dorsal respiratory group, medullary raphe, pre-Bdtzinger complex, and
the retrotrapezoid/parafacial respiratory group.5'° These chemoreceptors are sensi-
tive to changes in the partial pressures of carbon dioxide/pH, and increase both tidal
volume and/or respiratory rate in response to hypercapnia or acidemia. Peripheral
chemoreceptors consist of collections of neurons that detect changes primarily in
the partial pressure of arterial oxygen, with synergistic responses to carbon dioxide/
pH changes as well. These chemoreceptors are located in the carotid bodies and
provide input to the nucleus tractus solitarius. Other central and peripheral receptors
include central hypothalamic thermoreceptors, which provide stimulus for respiration
in accordance with the energy and metabolic needs of the organism, and peripheral
lung mechanoreceptors, which provide input on lung distention and volume and adjust
ventilation accordingly.®

All these peripheral receptors have inputs on the central respiratory pattern gener-
ators, which then communicate with motor neurons that innervate the important respi-
ratory muscles (ie, diaphragm, internal/external intercostals, and abdominal
musculature). The central respiratory neurons often have a phase specificity and are
active only during a particular portion of the respiratory cycle. For instance,



Opioid Medication and Sleep-disordered Breathing

pre-Bétzinger complex neurons are typically active only during inspiration, whereas
those in the retrotrapezoid/parafacial respiratory group are active usually during exha-
lation.™ There are other neurons that are active in the third phase (the postinhalation
phase) and there are some whose activity spans more than 1 phase.®

During sleep, there are changes in the patterns and mechanics of breathing, with
some well-described effects depending on the stage of sleep. Typically, during
non-rapid eye movement (NREM) sleep, breathing remains regular. Although the
rhythmicity remains regular, there is a small decrease in the respiratory rate with an
increase in the tidal volume, which leads to an overall decrease in the total minute
ventilation.® There is an accompanying decrease in the respiratory response to hyper-
capnia, although the response to hypoxemia is unchanged. This change in carbon
dioxide reactivity leads to a small increase in the partial pressure of carbon dioxide
levels and a small decrease in blood oxygen levels during sleep. The increase in
carbon dioxide levels is also thought to serve as an additional stimulus to compensate
for wakefulness-related influences.>'" Activity to accessory muscles of respiration
and those in the upper airway is often reduced, although this is not thought to signif-
icantly alter airway resistance in normal subjects. This loss of muscle activity,
however, is thought to be an important contributor to SDB in susceptible patients.

During rapid eye movement (REM) sleep, breathing is no longer regular, and there
can be a large breath to breath variability in pattern and tidal volume. Typically, respi-
ratory patterns can become irregular, with rapid increases in inspiratory muscle
activity interrupted with short periods of inactivity.® Thresholds to hypercapnia, hypox-
emia, and arousals are altered during REM sleep, with potential large increases in
partial pressures of carbon dioxide and oxygen seen in susceptible individuals. All
accessory muscles of respiration are essentially atonic during REM sleep, and the
full maintenance of the minute ventilation (and consequently the arterial carbon
dioxide and oxygen levels) is dependent on the diaphragm. It is also thought that
phasic events during REM, particularly ponto-geniculo-occipital spikes, may be
associated with the variability of breathing.

EFFECTS OF NARCOTICS ON BREATHING IN NORMAL INDIVIDUALS

Opioids are a group of naturally occurring and synthetic chemicals that bind to opioid
receptors in the body, found primarily in the central nervous system and gastrointes-
tinal tract. More than 1000 members of the receptor family have been reported, and
they structurally act like G protein—-coupled receptors.'? Binding of an opioid ligand
induces changes in the extracellular domain of the receptor, with transmission of
signal through a transmembrane portion into the intracellular component of the
receptor, changing it into a guanine nucleotide exchange factor. The receptor associ-
ates with a G protein and exchanges guanosine diphosphate for guanosine triphos-
phate, activating a downstream signaling cascade. This signaling cascade leads to
changes in the cell, including opening and closing of various ion channels in the
cell. The resultant flux of ions, such as those of calcium and potassium, changes
the electrical balance of the cell, with resulting decreased excitability.

Four classes of opioid receptors have been described, including opioid 3 receptor
(DOP), opioid p receptor (MOP), nociceptin/orphanin peptide receptor (NOP), and
opioid k receptor (KOP).">~'4 Each receptor has at least 1 associated endogenous
ligand, with the overall opioid receptor system mediating physiologic processes
including pain, respiration, and stress. All opioid receptor types are typically associ-
ated with analgesia, although NOP receptors have been associated with hyperalgesia
when stimulated with agonists superspinally.’® Besides analgesia, stimulation of
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opioid receptors is often associated with respiratory depression, particularly with stim-
ulation of MOP and KOP receptors. Synthetic and semisynthetic opioids bind to each
receptor with varying degrees of affinity, typically with the greatest affinity for MOP
receptors. Ligands may act as pure agonists, mixed agonists/antagonists, or pure
antagonists. Exogenous opioids are usually metabolized hepatically, with renal
clearance.

With regard to breathing, opioids cause decreases in central respiratory pattern
generation with resultant decreases in respiratory rate and/or tidal volume. Much of
the previous work in the literature has been performed in animals, with less information
available regarding potential mechanisms in humans. In the available animal and
human studies, the effects of opioids on breathing have mostly involved 2 types of
studies: (1) direct instillation of opioids on chemosensitive areas such as the carotid
body or brainstem or (2) systemic administration of opioids in awake and anesthetized
humans and animals.'® When opioid agonists were directly applied to medullary and
pontine respiratory associated centers (including the nucleus tractus solitarius),
decreases in peak activity were seen, although basal activity did not seem to
change.'®'” Opiates applied to the ventral medullary surface of animals were shown
to decrease tidal volume but increase respiratory rate, whereas application to the
rostral dorsal pons was shown to decrease respiratory rate.'®'® Among the neuronal
centers important for central respiratory rhythm generation, only pre-Bétzinger
complex neurons are sensitive to opioids. Similar findings are also seen with opiates
and peripheral chemoreceptors. When morphine was applied to the carotid bodies of
anesthetized cats, decreases in chemoreceptor activity were seen that were reversed
with application of an opioid antagonist (naloxone).®

In studies of systemic administration of opiates, there is limited applicability of
animal data to human responses, because there is significant cross-species variability
in responses. For instance, systemic administration of opioids in cats or goats
produces respiratory stimulation, whereas in humans, opiates produce clear respira-
tory depression.’® At lower doses, opiates produce a respiratory depression via
reduction in tidal volume that is proportional to the dose and potency of the opiate
administered.2° At higher doses, decreases in respiratory rate and rhythm generation
are seen. When morphine was given to normal human subjects, decreases in hyper-
capnic and hypoxic respiratory drives were also seen.?! This effect seems to predom-
inantly affect the respiratory response to hypoxemia; at higher doses this response is
virtually ablated.?'-?2 This response suggests that the action of opioids on hypoxemic
respiratory drive is through effects on peripheral chemoreceptors, although a central
mechanism of action has been suggested in some studies. In a study of 30 subjects
randomly assigned to receive intrathecal morphine, intravenous morphine, or placebo,
similar decreases in hypoxemic respiratory drive were seen.?® Based on these studies,
it seems that opiates act not only on central pattern generators but also on chemosen-
sitive receptors that are both centrally located and in the periphery.

Although less well studied, the effects of opioids on other components involved in
the control of breathing are important. For instance, there is an increase in respiratory
effort in response to an increase in respiratory airway resistance or loading.® Admin-
istration of opiates has been shown to decrease this compensatory increase in
respiratory effort.2224 There are also upper airway muscle reflexes that are important
in maintaining airway patency. These upper airway muscles (such as the genioglossus
muscles) receive tonic input during wakefulness, with phasic increases before inspira-
tion.?® The activity of these muscles decreases during sleep, although in normal
subjects, airway patency and resistance remain essentially unchanged. However,
administration of respiratory depressants (including opioids) has been associated
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with tendency for obstruction at the upper airway level as well as rigidity of accessory
muscles of respiration (ie, intercostals and abdominal muscles). For instance, admin-
istration of a highly selective MOP agonist (fentanyl or sufentanil) has been associated
not only with decreases in respiratory rate and depth of respiration but also with
glottic/supraglottic obstruction.?6-2”

CLINICAL EFFECTS OF NARCOTICS ON BREATHING IN THOSE SUSCEPTIBLE TO SDB

Clinical data looking at the effects of opioids on SDB have typically consisted of case
series, studies of patients on long-term oral opioids for malignant and nonmalignant
reasons, or studies of patients enrolled in long-term methadone programs. Interpreta-
tion across studies is therefore difficult, because patients on long-term opioids are
often concurrently prescribed antidepressants and benzodiazepines, both of which
have been described to alter respiratory patterns. In a small study of 12 normal
subjects, acute administration of a short-acting oral narcotic did not seem to be asso-
ciated with the development of any SDB.28 Nevertheless, a growing body of literature
has described several consistent clinical findings in patients on long-term opioid
therapy. Each of these findings is now examined in detail and the supporting literature
is described.

Development of Central Apnea During Sleep

A significant proportion of patients taking long-term opioids develop central apnea
during sleep and this seems to be a consistent finding. In one of the earliest studies,
Teichtahl and colleagues®® examined 10 patients in a methadone maintenance
program and performed a clinical assessment and overnight polysomnography.
They found that all 10 patients had evidence of central sleep apnea, with 6 patients
having a central apnea index (CAl) greater than 5 and 4 patients with a CAl greater
than 10. In a larger follow-up study of 50 patients taking long-term methadone,
30% of the patients had a CAI greater than 5, and 20% had a CAIl greater than
10.3% All the patients had been on stable doses of methadone for at least 2 months,
and other potentially contributing diagnoses (such as congestive heart failure) had
been excluded. Similar findings have also been described for opioids other than meth-
adone. In 2 studies of patients enrolled in a chronic pain clinic and had been receiving
a variety of opiate medications (including methadone), the investigators noted that
approximately 25% of patients showed evidence of central sleep apnea, with a CAl
greater than 5.31:32

The mechanism underlying the presence of significant central sleep apnea is not
clear. Although the opioids have been presumed to be the primary culprit through their
action on central respiratory pacemakers and chemoreceptors, it is not clear if exces-
sive dosing is the only responsible mechanism. When blood toxicology tests were
examined in a group of patients on long-term methadone maintenance, serum meth-
adone levels did seem to be the most significant item correlated to the severity of
central sleep apnea.3® However, in multivariate analyses, the serum methadone level
contributed to only 12% of the variance of the severity of central sleep apnea. The
investigators suggested various mechanisms contributing to central sleep apnea,
including prior structural damage from illicit drug use, disrupted hypoxic/hypercapnic
respiratory responses, and contributions from the concurrent use of antidepressants
and benzodiazepines. In a study of 50 patients receiving long-term methadone
therapy, the investigators found significant decreases in the respiratory response to
hypercapnia and increased ventilatory responses to hypoxia. Twenty percent of the
patients had evidence of carbon dioxide retention while awake (defined as
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Paco.,>45), and approximately 30% had an increased alveolar-arterial oxygen
gradient.®® These ventilatory changes also seemed to be manifested through
alterations in the respiratory rate and not through changes in the tidal volume.

Development of Ataxic Breathing During Sleep

Other clinical findings include the development of irregular breathing patterns in
patients receiving long-term opioid therapy. In a case series of three patients receiving
a variety of opiate medications, irregular breathing patterns were described, consist-
ing of irregular respiratory pauses and gasping without periodicity, found primarily
during non-REM sleep.3* The authors felt the breathing was consistent with ataxic
or Biot breathing, previously described in patients with acute neurologic disease.
This pattern of breathing was first described in 1876 by Camille Biot, a French physi-
cian, in a child with tuberculous meningitis.3® He described a respiratory pattern with
pauses, distinct from Cheyne-Stokes respiration, called “rhythme meningitique.” This
pattern of respiration has been described for patients on opioids, who have an erratic
variability in the respiratory rate and effort of breath with frequent irregular breathing. In
a study of 60 patients receiving long-term opioid therapy, more than 70% of patient on
opiates were observed to have ataxic or Biot breathing, compared with 5% of controls
in an age- and sex-matched group.®® This irregular breathing seemed to be related to
dosing of opiates; more than 90% of subjects on a morphine dose equivalent to
greater than 200 mg daily were noted to have evidence of Biot breathing.

Development of Obstructive Apneas or Hypopneas During Sleep

There does not seem to be a clear consensus in the literature regarding the develop-
ment of obstructive sleep apnea syndrome in patients who receive long-term opiate
treatment. As noted earlier, acute administration of an oral narcotic was not associ-
ated with increases in obstructive apneas or hypopneas in normal subjects.?® Concur-
rent evaluation of upper airway function in these subjects did not find any increase in
pharyngeal airway resistance while awake, although decreases in ventilatory
responses to hypoxia were seen. Another case series of 3 patients noted only modest
increases in the obstructive apnea and hypopnea index (AHI) in 2 patients, 1 of whom
had a diagnosis of obstructive sleep apnea before being prescribed previous opiate
therapy.®” In a study of 50 subjects on long-term methadone therapy, no statistically
significant increases in the occurrence of obstructive sleep apnea compared with
a control group were seen.®® In contrast, Farney and colleagues®* described 3
patients on long-term sustained-release opioid medications with markedly prolonged
obstructive hypopneas during sleep, each lasting greater than 5 minutes on average.
These obstructive hypopneas were associated with severe oxyhemoglobin desatura-
tions and seen exclusively during NREM sleep. Another 2 case series of 6 and 10
subjects, respectively, noted that obstructive respiratory events accounted for
between 16% and 80% of the increase in the AHI.2%38 A recent study of 71 patients
on long-term methadone maintenance therapy with subjective sleep complaints noted
that 35% of the study population had evidence of obstructive sleep apnea on an over-
night home polysomnogram. The investigators did not observe significant central
sleep apnea in their cohort, with approximately 15% of subjects having a CAl greater
than 5. When methadone levels and concurrent drug use were tested, neither seemed
to be correlated with the degree of central sleep apnea. In 2 separate studies from the
same pain clinic, 35% and 57% of the subjects had evidence of either pure or mixed
obstructive sleep apnea.®3? The degree of SDB correlated most with the dose of
methadone in statistical analyses, although the investigators did not specifically
look at obstructive versus central events during sleep.
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Development of Hypoxemia

Hypoxemia in patients taking long-term opioids has been variably described in the
literature, with many groups reporting an increased incidence of significant oxyhemo-
globin desaturation during sleep among patients receiving long-term opioid therapy
compared with control groups.2%31:3¢ The increase in nocturnal hypoxemia, however,
is not entirely explained by a concurrent increase in SDB. In a study of 98 patients on
long-term opioid medications, 72% had evidence of nocturnal oxyhemoglobin desa-
turation, defined as an arterial oxyhemoglobin saturation during sleep of (1) less than
90% for 5 minutes with a nadir of 85% or less or (2) greater than 30% of the total sleep
time.3" Ten percent of the subjects with significant nocturnal desaturations did not
have evidence of sleep apnea on overnight polysomnography. When the investigators
examined for the incidence of significant desaturations during sleep among subjects
with varying degrees of SDB, they found only a moderate increase in the incidence of
sleep-associated desaturations with increased SDB severity (60% in subjects with an
AHI in the mild range vs 80% of subjects with an AHI in the moderate to severe range).
There was a statistically significant correlation, albeit a weak one, between the
morphine equivalent dose and the time spent in sleep with an oxyhemoglobin satura-
tion less than 90% (R = .237, P = .023). Ten percent of the subjects also had evidence
of hypoxemia during wakefulness that worsened during sleep. Similar findings were
seen in a study of 60 patients on long-term opioid use, with a statistically significant
difference in average arterial oxygen saturation in awake subjects compared with
a control group.3®

EFFECTS OF NARCOTICS ON SLEEP ARCHITECTURE

Not much is known about the effects of opioids on sleep architecture. Early studies in
animals have demonstrated disruption in sleep associated with opioid administration,
including decreases in total sleep time and REM sleep.®® More recent studies in
human subjects have primarily demonstrated decreases in slow wave and REM sleep,
with concurrent increases in stage 2 sleep.*® Similar findings were also noted in a study
of 42 subjects who were administered a one-time dose of either extended-release
morphine or methadone.*’ Another study in patients who underwent abdominal
surgery and subsequently received narcotics for pain relief reported an absence of
REM sleep for the first few nights, with a large rebound in REM sleep later in their
convalescence.*? Others have found a suggestion of increased nocturnal arousals
in patients on long-term opioids, albeit measured via limb electromyogram.*® It seems
that the changes in REM and slow wave sleep are the most consistent, although
a significant amount of variability in the findings remains. In addition, most of the
studies available in the literature consist of case series, without accompanying control
groups. Many of the previous studies have also relied on abnormal subjects for the
studies, specifically previous narcotic addicts, as the study population. Such a focus
limits the interpretation of these studies as well as issues such as variability in scoring
of sleep studies, doses of opioids used, and types of narcotics used (ie, short- vs long-
acting). More work is necessary to further delineate the changes in sleep architecture
with opioid medications.

TREATMENT

Currently, there is no clear consensus on the treatment of opioid-associated SDB. As
noted earlier, patients may have several disturbances in their respiratory patterns
during sleep, including characteristics of central sleep apnea, obstructive sleep
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apnea, ataxic breathing, or a combination of all 3 types. Several nocturnal ventilatory
strategies have been tried with varying degrees of success, including continuous
positive airway pressure (CPAP) support, bilevel therapy (usually with a backup
rate), and adaptoservo ventilation (ASV). In the case series of 3 patients on long-
term opioid medication with evidence of sleep-disordered breathing discussed
earlier, the investigators attempted titration with CPAP therapy with limited
success.®* Although the number of respiratory events decreased, the patients
were reported to have continued severe hypoxemia that necessitated supplemental
oxygen. Despite relative tolerance of increasing CPAP pressures, the patients
continued to have a large number of central respiratory events, and there was
some suggestion that the CPAP may have worsened the central sleep apnea. Similar
findings were reported in another case series of 6 patients on long-term methadone
maintenance.®® Five of the 6 subjects agreed to proceed with a CPAP titration, and in
4 of these subjects, significant central apneas persisted despite titration up to
a CPAP pressure of 20 cm H50. In 1 subject, it seemed that the CPAP was effective
at a pressure of 20 cm H,0, although the patient was unable to tolerate therapy. Two
case series of 5 and 22 patients on long-term opioids with SDB noted increases in
the CAIl with CPAP treatment, with an average increase of 10 to 20 central events
per hour.344* Although CPAP may be beneficial in relieving the airway obstruction
potentially associated with opioid use, it does not seem to be able to successfully
treat any concurrent central sleep apnea and may be associated with increased
frequency of central apneas during sleep.

Bilevel therapy with a backup rate has also been suggested as a treatment for
patients with mixed central and obstructive sleep apnea, although there have not
been many studies published on the subject. In the case series reported by Alatarr
and colleagues,® patients who failed CPAP therapy because of efficacy or tolerance
issues were then offered a bilevel titration, with timed backup rates of 12 to 16. Four
patients agreed to proceed and were successfully titrated, with subsequent improve-
ment in reports of daytime sleepiness. Three of these 4 patients required supplemental
oxygen despite a successful titration. Bilevel therapy has been examined in patients
with mixed obstructive and central sleep apnea as well as obesity hypoventilation
syndromes with some success, although there are no comparisons available on the
use of bilevel therapy and other modalities (such as CPAP or ASV) in patients with
opioid-associated SDB.***® However, the authors have completed work on an
unpublished study on more than 40 patients with a combination of obstructive sleep
apnea and long-term opioid intake. Bilevel therapy with a backup rate was successful
in controlling all patients with a 6 months follow-up compared with CPAP (Christian
Guilleminault, unpublished data, 2010).

There has been growing interest in the use of ASV pressure support as a new
modality in the treatment of SDB in patients receiving long-term opioid treatment.
ASV machines work by varying the amount of ventilatory support, with the goal of
avoiding hyperventilation and keeping the patient’s partial pressure of carbon dioxide
above the apneic threshold. These machines typically operate using an algorithm that
measures the patient’s minute ventilation on a running and spontaneous basis. Pres-
sure support is adjusted dynamically to decrease in times of increased patient respi-
ratory effort and increase during times of decreased patient respiratory effort. There
has been a growing literature examining their use in Cheyne-Stokes respiration,
central sleep apnea, and mixed obstructive/central sleep apnea syndromes with posi-
tive results.5%-%* Two case series have examined the use of ASV in patients on long-
term opioid therapy with conflicting results. Javaheri and colleagues** examined
5 consecutive patients referred for an evaluation for obstructive sleep apnea who
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were also concurrently taking long-term opioid medication. All patients underwent an
overnight diagnostic polysomnogram followed by a CPAP titration. CPAP was found
to be an ineffective therapy in all patients, and they underwent a third night study
with titration with ASV. The average AHI decreased from 70 to 20 with ASV; the
remainder consisted entirely of hypopneas. The CAIl, which had increased with
CPAP therapy (from 26 to 37), was 0 at the end of the ASV titration. In contrast, Farney
and colleagues® performed a retrospective analysis of 22 patients on long-term
opioid use who were referred for SDB and had been tested with ASV. The average
AHI decreased from 66.6 at baseline to 54.2 with ASV but was not statistically signif-
icant. Although the obstructive apnea index decreased significantly, the hypopnea
index was observed to increase. There was no statistically significant change in the
CAl, and the investigators noted that ataxic breathing continued. Unlike in the study
by Javaheri and colleagues,** the end expiratory pressure was not titrated in the
subjects in the study by Farney and colleagues,®® suggesting a possible rationale
for the relatively ineffective control of obstructive events in their study. Further
research is necessary to determine the role of ASV in the treatment of opioid-associ-
ated SDB.

SUMMARY

The use of opioid medication is increasing with the potential for adverse effects on
respiration, especially during sleep. Opioids seem to affect the control of breathing
on many levels, including alterations in the central respiratory pacemaker function
as well as effects on central and peripheral chemoreceptors. The use of opioids has
been associated with abnormal breathing patterns in susceptible patients, including
development of central sleep apnea, obstructive sleep apnea, ataxic breathing, and
hypoxemia. The optimal treatment for these patients with opioid-associated SDB is
not well-known, although equipment using positive-airway-pressure during sleep
clearly provides benefit to these subjects. Further work is necessary to elucidate
the mechanisms of SDB in patients on long-term opioid medication as well as how
best to treat them.
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