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Rationale: Opioids have become part of contemporary treatment in
the management of chronic pain. However, chronic use of opioids has
been associated with high prevalence of sleep apnea which could con-
tribute to morbidity and mortality of such patients.

Objectives: The main aim of this study was to treat sleep apnea in
patients on chronic opioids.

Methods: Five consecutive patients who were referred for evaluation
of obstructive sleep apnea underwent polysomnography followed by a
second night therapy with continuous positive airway pressure (CPAP)
device. Because CPAP proved ineffective, patients underwent a third
night therapy with adaptive pressure support servoventilation.

Main Results: The average age of the patients was 51 years. They
were habitual snorers with excessive daytime sleepiness. Four suf-
fered from chronic low back pain and one had trigeminal neuralgia.
They were on opioids for 2 to 5 years before sleep apnea was di-
agnosed. The average apnea-hypopnea index was 70/hr. With CPAP
therapy, the apnea-hypopnea index decreased to 55/hr, while the cen-

tral apnea index increased from 26 to 37/hr. The patients then under-
went titration with adaptive pressure support servoventilation. At final
pressure, the hypopnea index was 13/hr, with central and obstructive
apnea index of 0 per hour.

Conclusions: Opioids may cause severe sleep apnea syndrome.
Acute treatment with CPAP eliminates obstructive apneas but increas-
es central apneas. Adaptive pressure support servoventilation proves
to be effective in the treatment of sleep related breathing disorders
in patients on chronic opioids. Long-term studies on a large number
of patients are necessary to determine if treatment of sleep apnea
improves quality of life, decreases daytime sleepiness, and ultimately
decreases the likelihood of unexpected death of patients on opioids.
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In the last decade, there has been a major change in the man-
agement of chronic pain with a marked increase in the thera-
peutic use of opioids.'* The notion has been promoted that with
chronic administration of opioids, respiratory tolerance devel-
ops and respiratory depression is frequently absent or mild in
nature."? This notion is to some extent correct, in that during
wakefulness, chronic respiratory acidosis is commonly not ob-
served or is mild in nature,** During sleep, however, respira-
tory depression is seen, as reflected by obstructive and central
apneas and hypopneas. Recent systematic studies®® have dem-
onstrated that 30% to 90% of patients on opioids have sleep
apnea, the severity of which is dose dependent.” Consequently,
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with widespread use of opioids for pain management, a large
number of patients could suffer from sleep apnea. Because both
obstructive and central sleep apnea may contribute to the mor-
tality of patients with these sleep related breathing disorders,'*!!
sleep apnea may also be a risk factor for mortality of patients on
opioids.'>!* This speculation is supported by the excess mortal-
ity of young individuals on opioids who may be found dead in
bed, with the cause in several of them remaining unknown.'
It is, therefore, conceivable that the therapy of sleep apnea in
patients on opioids could prevent sleep related mortality, as it
does in the general population.'! The present study is the first
attempt to treat sleep apnea in patients on opioids.

METHODS
Design

During an 18-month period, from April 2006 to Sept 2007,
one of the authors (SJ) saw 5 consecutive patients using opioids
chronically for pain management. They were referred for evalu-
ation of obstructive sleep apnea (OSA). Patients were seen in
consultation and underwent full-night polysomnography. Dur-
ing the follow-up visit, results of sleep studies were reviewed,
mechanisms of upper airway obstruction explained, a CPAP de-
vice was shown to the patients, and therapeutic effects of CPAP
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Table 1—Descriptive Characteristics of Patients

Variables Mean £SD Range
Age, yr 51+4 44-54
Height, cm 182+8 168-190
Weight, kg 96 £ 11 82-109
Body mass index, kg/m? 31+4 25-35
Neck circumference, cm 40+2 38-42
Epworth Sleepiness Scale 14+4 10-20
Opioid dose (morphine

equivalent), mg 252+150 120-450

and the process of CPAP titration were explained. Patients were
also informed about presence of central apnea and its associa-
tion with use of opioids. Because use of CPAP resulted in an in-
crease in central apnea, therapy with adaptive pressure support
servoventilation (APSSV) was recommended. The operation of
this device was also explained.

The patients were part of a large retrospective study on
CPAP-emergent central sleep apnea, and the protocol was ap-
proved by the Institutional Review Board of the Christ Hospital
in Cincinnati.

Procedures

Polysomnography was performed using standard techniques
as detailed previously.'®!” For staging sleep, we recorded elec-
troencephalogram (2 channels), chin electromyogram (1 chan-
nel) and electrooculogram (2 channels). Thoracoabdominal
excursions were measured qualitatively by piezo crystal tech-
nology (Model 1314 Sleepmate Technologies, Midlothian, VA),
with sensors placed over the rib cage and abdomen. Airflow was
qualitatively monitored using an oral/nasal pressure transducer
(PTAF 2, Mukilteo, WA) in 4 patients and a thermistor (Model
1459 Sleepmate Technologies, Midlothian, VA) in one patient.
Arterial blood oxyhemoglobin saturation was recorded using a
finger pulse dosimeter (Healthdyne Oximeter Model 930, Re-
spironics Inc. Murrysville, PA). These variables were recorded
on a multichannel computerized polysomnographic system
(Model Alice I1I with PPI-2, Respironics Inc. Murrysville, PA).
An apnea was defined as cessation of inspiratory airflow (flat
signal) for >10 seconds. An obstructive apnea was defined as
the absence of airflow in the presence of rib cage and abdomi-
nal excursions. A central apnea was defined as the absence of
airflow with absence of rib cage and abdominal excursions
(flat signals from these probes). Hypopnea was defined as a re-
duction of airflow (30%) and/or thoracoabdominal excursions
lasting > 10 sec associated with > 4% drop in SpO, and/or an
arousal, as defined elsewhere.'® The number of apneas and hy-
popneas per hour of sleep is referred to as the apnea-hypopnea
index. The number of arousals per hour of sleep is referred to as
the arousal index. All polysomnograms were reviewed by one
of the authors (SJ).

CPAP (Respironics Inc., Murrysville, PA) titration was per-
formed using a uniform approach. Titration began usually at
pressure of 5 cm H,O, and every few minutes the pressure was
increased to eliminate obstructive apneas, hypopneas, and even-
tually snoring. If during titration, central apneas emerged, the
pressure was not increased beyond 3 to 4 cm H,O. For one pa-
tient who was intolerant of CPAP (complaining of difficulty ex-
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haling), a bilevel device was used (BiPAP Synchrony, Respiron-
ics Inc., Murrysville, PA). The expiratory pressure was set at the
level which had eliminated obstructive apneas, and the inspira-
tory pressure was increased gradually to eliminate hypopneas.

Titration with adaptive pressure support servoventilation
(VPAP Adapt SV, ResMed Corp, Poway, CA) began with an
expiratory pressure set at the level which had eliminated ob-
structive apneas during CPAP titration; the minimum pressure
support was set at 3 cm H,O, with a maximum pressure support
at 10 cm H,O and a backup rate of 15 breaths per minute. The
pressure support was increased gradually to eliminate hypo-
pneas, snoring, and flow limitation.

Statistical Analysis

For multiple comparisons, analysis of variance with repeated
measures and Bonferroni correction factor was used. For data
that were not normally distributed, Kruskal-Wallis analysis of
variance and Dunn tests were used. When only 2 variables were
compared, either 2-tailed paired #-test or Wilcoxon rank sum
test was used. p < 0.05 (after multiple comparisons) was con-
sidered significant. Means + SD are reported. Calculations were
done using Graph Pad InStat 3.

RESULTS

Our patients were middle-aged subjects who presented with
symptoms of obstructive sleep apnea, including habitual snor-
ing, unrestorative sleep, witnessed apnea, gasping, nocturia,
and excessive daytime sleepiness (Table 1). Two were receiv-
ing medications for hypertension and 2 for reflux disease. Three
patients had history of depression, 2 were on fluoxetine, 1 on
sertraline, 2 on clonazepam, and 1 on zolpidem. Two patients
had been previously (2 years ago) diagnosed with OSA, and
were non-adherent to CPAP therapy. One of the patients had
polysomnography in our laboratory with AHI = 37/hr and CAI
= 1.2/hr. Later, he was treated with opioids for pain and his
repeated polysomnography showed an AHI = 66/hr and CAI
= 44/hr.

There were 4 males patients receiving opioids: 3 for chronic
low back pain and one for trigeminal neuralgia. The female pa-
tient suffered from chronic low back pain (for which she was
receiving opioids), depression, and Chiari malformation. At
the time of consultation, the patients had been on opioids for
2 to 5 years.. The opioids administered included fentanyl patch
and oxycodone and morphine by mouth; equivalent-morphine
doses are depicted in Table 1.

Patients had severe sleep apnea, with an average AHI of 70/
hr (Table 2). The central apnea index was 26/hr, with an ob-
structive apnea index of about 6/hr. Figure 1 shows a record-
ing of 10-min period of a patient in stage 2 sleep. Episodes
of obstructive and central apneas are present. Central apneas
occurred primarily in NREM sleep. While on CPAP, obstruc-
tive apneas were eliminated, but central apneas increased (Fig-
ure 2). Similar to baseline polysomnographic findings, while
on CPAP, central apneas also occurred mostly in NREM sleep.
With APSSV, all central apneas were eliminated (Figure 3) and
the apnea-hypopnea index decreased significantly, to about 20/
hr (Table 2). In association with reduction in sleep apneas and
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Figure 1—A 10-min epoch of polysomnogram showing obstruc-
tive and central apneas, and hypopneas. Note fluctuations in SpO,,
which parallel apneas and hypopneas. Arousals coincide with re-
sumption of breathing after an apnea and are characterized by
changes (elevations) in EEG and eye and leg movements.

hypopneas, total arousal index and arousal index due to respi-
ratory disturbances decreased (Table 3) with APSSV. Further,
stage 1 sleep decreased significantly, as stage 2 increased.

Figure 4 shows the mean values for apneas and hypopneas at
baseline, while on final pressure for CPAP, and APSSV devices.
The respective values for AHI were 70, 42, and 13 per hour
(p = 0.04, CPAP vs APSSV). Whereas, obstructive apnea index
was < 1/hr while on both positive airway pressure devices, the
central apnea index was about 33 while on CPAP and 0 per hour
on APSSV (p =0.01). The mean value for final CPAP level was
8.5 2 cm H,O which was not significantly different for the
final mean value of expiratory pressure of APSSV (7 £ 2 cm
H,0). The minimum and maximum inspiratory support pres-
sures were 5 cm H,O and 10 cm H, O, respectively.

Adaptive Pressure Support Servo-Ventilation

Figure 2—The same patient on CPAP at pressure of 10 cm H,O.
There are many central apneas associated with arousals.

DISCUSSION

We report acute effects of 2 positive airway pressure devices.
The patients underwent 3 nights of polysomnographic studies.
The patients had severe sleep apnea-hyponea with an average
index of 70/hr. The average AHI decreased to 42/hr while on
CPAP and to 13/hr on final APSSV (Figure 4).The reduction in
AHI with APSSV is remarkable for first-night acute titration.
Therapy with CPAP resulted in virtual elimination of obstruc-
tive apneas as expected, whereas central apneas increased; in
contrast, with the use of APSSV, both obstructive and central
apneas were eliminated and sleep architecture improved.

The operation of a CPAP device is well known. It provides
constant positive airway pressure throughout the breathing
cycle. CPAP devices have been successfully used to treat ob-
structive sleep apnea and also, to a lesser degree, to treat cen-
tral sleep apnea in systolic heart failure.">'” The operation of
APSSV is different from that of CPAP.?*-* The expiratory pres-

Table 2—Sleep Disordered Breathing Events at Baseline and While on CPAP and APSSV

Variables Baseline
Apnea hypopnea index, n/hr 70+ 19
NREM AHI, n/hr 78 £24
REM AHI, n/hr 22+24
Central apnea index, n/hr 26 +27
NREM CAL n/hr 31+£34
REM CAI, n/hr 7+10
Obstructive apnea index, n/hr 67

NREM OAI, n/hr 7+8

REM OAL n/hr 1+1

Hyponea index, n/hr 3615
NREM HI, n/hr 39+£22
REM HI, n/hr 27 +24
Arl, n/hr 62 +18
Respiratory disturbance Arl, n/hr 58+17
Baseline SpO,, % 95+2

Minimum SpO,, % 86+ 4

CPAP APSSV P
55425 20+ 8+ 0.006
60 + 28 20+ 8+ 0.03
9+7 13+13 0.6
3721 0+ 0% 0.01
41424 0+0 0.08
5+£7 0+0 na
1£2 0+0 0.01
242 0+0 0.08
0+0 0+0 na
16+7 20+8 0.04
1747 20+8 0.4
442 13+13 0.2
35+20 24 £9¢ 0.02
30+ 19 16«7 0.01
96 +23 95+3 0.2
8842 883 0.7

Mean £SD; CPAP = continuous positive airway pressure; APSSV = adaptive pressure support servoventilation; Disordered breathing events
are across the night. Arl = Arousal index; TSignificant vs. Baseline; *Significant CPAP vs. APSSV.
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Figure 3—The same patient on adaptive pressure support ser-
voventilation. Note uninterrupted breathing without any central or
obstructive disordered breathing events.

sure is set at the level of CPAP to eliminate obstructive apneas.
The device provides a variable amount of inspiratory support
(above the expiratory pressure) to eliminate hypopneas. In ad-
dition, as noted, a backup rate can be set, which aborts any im-
pending central apneas. With these settings, the device is able
to effectively control both obstructive and central apnea; hypo-
pneas are also decreased. (Table 2 and Figure 4).

APSSV has been used to treat sleep apnea in systolic heart
failure and CPAP-emergent central apnea, and the results have
been promising,***** although no long-term systematic studies
are available. Interestingly, the pattern of breathing in patients
on chronic opioids is similar to that seen in patients with sys-
tolic heart failure; in both conditions, central and obstructive dis-
ordered breathing may occur during sleep in the same patient.
In both conditions, therapy with CPAP eliminates obstructive
apneas, as expected, but central apneas may persist.”” In both
conditions, central apneas occur mostly in NREM sleep, both
at baseline and while on CPAP, reflecting differences in neuro-
physiology and control of breathing in NREM and REM sleep.”’
A major difference, however, exists in the pattern of breathing of
patients with systolic heart failure compared to patients on opi-

Indices on Final PAP Level

80
o0 —— AHI
70 —— OAI
o Hi
20
10 — \

o "””’**””—A— — T !

Baseline  CPAP APSSV

Figure 4—Mean values for various sleep disordered breathing
events at final continuous positive airway pressure (CPAP) and
adaptive pressure support servoventilation (APSSV). Note the re-
duction in apnea-hypopnea index (AHI) and elimination of central
apneas with APSSV.

oids. In the former, the breathing cycle is characterized by grad-
ual decrescendo arm commonly ending in a central apnea, fol-
lowed by a long crescendo arm out of apnea.?®** This pattern of
breathing is referred to Hunter-Cheyne-Stokes breathing (Hunter
being the physician who first described this pattern of breath-
ing 37 years before John Cheyne as reviewed” elsewhere). The
prolonged length of the breathing cycle relates to the long arterial
circulation time, a pathological feature of systolic heart failure. In
contrast, episodes of disordered breathing events associated with
the use of opioids are similar to those seen in ataxic breathing,
and breaths at the end of apneas are abrupt (Figure 1) rather than
smooth and gradual. Despite these differences, APSSV effective-
ly treats sleep disordered breathing in systolic heart failure?
and that associated with the use of opioids. (Figure 4).

During the last decade, there has been a dramatic change in the
management of chronic pain, associated with a marked increase
in the use of opioids.'? These drugs, which were sparingly used
in the past, are currently in common use for management of
chronic pain associated with neuromuscular disorders (as seen
in the patients in this study). The increase in the use of opioids
is related to a number of issues; the most important cause is the
position of the American Pain Society and the American Acad-

Table 3—Disordered breathing events at baseline and while on CPAP and APSSV

Variables Baseline
Total dark time, hr 6.8+ 1
Total sleep time, hr 56+1
Sleep efficiency, % 82+8
Stage 1, % TST 7+1
Stage 2, % TST 78 +9
Stages 3 & 4, % TST 0.1+0.2
REM sleep, % TST 15+9
Arousal index, n/hr 62+ 18
Respiratory disturbance Arl, n/hr 58+ 17
PLMSI, n/hr 0.1+0.1

CPAP APSSV P
6.6+ 1 6.6+ 1 0.9
47+1 50+1 0.2
72411 76+8 0.08
16 + 3t 8+ 3% 0.006
77+7 80+8 0.2
0 1£2 0.6
11+5 18 0.4
3520 24 £ 9t 0.02
3019 16 7 0.01
0.1+0.1 0.5+1 0.7

Mean + SD; Total dark time = period from lights out to lights on.

PLMSI = Periodic leg movements index during sleep; TST = total sleep time;
CPAP = continuous positive airway pressure; APSSV = adaptive pressure support servoventilation;

fSignificant vs. Baseline; *Significant CPAP vs. APSSV.
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emy of Pain Medicine in 1997.'2 Their joint statement implied
that it is acceptable to use opioids for treatment of chronic pain,
with minimal risk of respiratory depression. This is only partly
correct; although acute use of opioids may cause CO, retention,
chronic respiratory acidosis, a reflection of long-term diurnal
respiratory depression, is not common in patients on chronic
opioids and if present, is mild,** (although the magnitude of
CO, retention may be dose dependent). However, respiratory
depression in the form of sleep apneas and hypopneas, both ob-
structive and central, is prevalent in patients who chronically
use opioids. Wang and associates’ showed presence of sleep ap-
nea in 30% of a group of patients in a methadone maintenance
treatment program. In another report, Walker et al.® performed
polysomnography in a cohort of 60 patients taking opioids for
pain management. The patients were matched for age, gender,
and body mass with 60 patients not taking opioids. Authors re-
ported that patients on opioids had a significantly higher apnea-
hypopnea index than the control group, primarily due to an in-
crease in the number of central apneas. As in the present study,
the authors also reported that central apneas were primarily in
NREM sleep. Walker and associates’ observed a dose-response
relationship between morphine dose equivalent and the apnea-
hypopnea index. Ninety-two percent of the patients who were
on a morphine dose equivalent to > 200 mg had sleep apnea. In
the present study, 3 of 5 patients were taking more than 200 mg
of morphine per day.

As noted above, use of opioids as a risk factor for sleep ap-
nea is now well established.®® The present study reports treat-
ment of opioid-associated disordered breathing events with 2
positive airway pressure devices. We found that CPAP was ef-
fective in eliminating obstructive apneas as expected, but cen-
tral apneas increased, resulting in disturbed sleep architecture.
With adaptive pressure support servoventilation, sleep apnea
improved significantly.

Clinical Implications

There has been a dramatic increase in the therapeutic use of
opioids in the management of chronic pain in the last decade.
Studies indicate that the use of some opioids such as metha-
done and oxycodone has increased many-fold in a short period.*
With recent findings indicating a high prevalence of sleep apnea
in patients using opioids,*® particularly above a 200-mg dose
equivalent of morphine, a large number of patients on chronic
opioids may suffer from sleep apnea. Also of importance, Cara-
vati et al.'? reported an increase in the mortality rate associ-
ated with the rising prescription rate of opioids. Teichtahl et
al.® proposed that sleep disordered breathing may play a role
in unexplained excess mortality in patients treated with metha-
done. Interestingly, Porucznik and associates' reported that
these decedents were discovered dead in the morning or dead in
bed during the day. It is, therefore, conceivable that sleep apnea
may contribute to the mortality of patients who use opioids, as
it does in patients with heart disease'® and those with obstruc-
tive sleep apnea independent of preexisting cardiac disease."
In the absence of any guidelines and long-term studies, diag-
nosis and appropriate therapy of sleep apnea in patients using
opioids, particularly those using more than the equivalent of
200 mg of morphine, is warranted. In this study, we found that
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effective treatment is achieved by the use of adaptive pressure
support servoventilation.

Summary

The results of this small study show that patients on opioids
may suffer from severe sleep apnea, and that acute CPAP ther-
apy, which effectively eliminates obstructive apnea, is ineffec-
tive in eliminating central apneas. In contrast, APSSV is quite
effective in eliminating both obstructive and central apneas. It
is conceivable that effective treatment of sleep apnea in patients
on opioids could decrease the likelihood of the unexpected
deaths of these patients.
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