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Study Objective: To determine whether pretreatment with
zaleplon immediately before CPAP titration improves 1-month
CPAP adherence in subjects newly diagnosed with OSA.
Methods: Prospective, randomized, double-blinded, placebo-
controlled trial of a single dose of zaleplon 10 mg or matching
placebo at the start of CPAP titration during laboratory-based,
split-night polysomnography (PSG). Baseline sleep symptoms
were assessed with the Functional Outcomes of Sleep Ques-
tionnaire (FOSQ) and Epworth Sleepiness Scale (ESS). CPAP
usage and change in symptom questionnaire responses were
assessed at 1-month follow-up.

Results: One hundred thirty-four newly diagnosed OSA pa-
tients undergoing their initial split-night PSG (49.8 + 11.3 years
old with an apnea-hypopnea index of 16.5 (7, 32) [median
(interquartile range)] were randomized to zaleplon (n = 73)
or placebo (n = 63). Complete follow-up data were available
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in 83 subjects (44 zaleplon group; 39 placebo group). CPAP
was used for 6.5 (5, 7) h/day with zaleplon versus 6.5 (5, 8) h/
day with placebo (p = 0.64). Improvements in FOSQ and ESS
scores did not differ between the two groups.

Conclusion: A single dose of zaleplon at the start of a
split-night CPAP titration does not result in superior CPAP
adherence or improvement in symptoms at 1-month com-
pared to placebo. Our data show that zaleplon is safe and
is associated with shorter sleep latency during CPAP titra-
tion, but it does not translate into improved short-term CPAP
adherence.
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bstructive sleep apnea (OSA), is a chronic disease that

affects at least 2% to 4% of middle aged adults' and is
associated with significant morbidity and mortality.>” Among
medical, surgical, and appliance options for treating OSA, con-
tinuous positive airway pressure (CPAP) is the treatment of
choice for most patients.® Increasing CPAP use is associated
with dose-dependent improvements in several clinical out-
comes.” However, a significant number of patients struggle to
consistently adhere to CPAP therapy.'”

Drake et al. reported that individuals whose sleep improved
during the CPAP titration demonstrated two hours of increased
nightly compliance, even after correcting for disease severity
at initial polysomnography.' Several investigators examined
whether a short course of hypnotic therapy coincident with
the start of CPAP therapy would improve compliance, but they
found conflicting results. Bradshaw et al. reported that zolpi-
dem after titration, but commencing with the first 14 days of
CPAP did not improve compliance compared to placebo or
standardized therapy.'? In contrast, Lettieri et al. found that
eszopiclone for the first 14 nights of CPAP was associated with
greater long-term compliance than placebo.!® Their group, in a
retrospective study, also found an association between hypnotic
(mostly zolpidem, and to lesser extent eszopiclone) use during
CPAP titration and improved compliance at 4-6 weeks.'*

Although encouraging, we felt that the conflicting out-
comes of the prospective studies and the retrospective na-
ture of the latter study needed further clarification. Thus, we

BRIEF SUMMARY

Current Knowledge/Study Rationale: Compliance with continuous
positive airway pressure (CPAP) therapy for obstructive sleep apnea
remains suboptimal, and usage patterns appear heavily influenced by
early CPAP experience. We hoped to improve compliance by improv-
ing the very first night's sleep on CPAP by using zaleplon during the
titration study.

Study Impact: Our study did not show improvement in CPAP compli-
ance with the use of zaleplon during CPAP ftitration. A very high level of
compliance in our control group and similar quality of sleep during CPAP
titration between the zaleplon and control group suggests that other fac-
tors are more important in determining CPAP compliance.

report on a prospective, randomized, double-blinded, place-
bo-controlled investigation to determine whether administra-
tion of a single dose of hypnotic during the CPAP titration
in the sleep laboratory would improve CPAP compliance at
1 month. We hypothesized the hypnotic would improve the
initial CPAP experience, and thus CPAP adherence would be
greater. The hypnotic employed in this study was zaleplon, a
short-acting nonbenzodiazepine hypnotic that is a benzodiaz-
epine receptor agonist.

METHODS

After approval by our institutional review board, subjects
referred to our multidisciplinary accredited sleep facility for
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Table 1—Inclusion and exclusion criteria for study participants

Inclusion criteria:

+ Patients referred for presumed diagnosis of obstructive sleep
apnea and willing undergo a polysomnogram
Age 18-90 years
Able to provide informed consent
Able to return for one month follow-up
Apnea-hypopnea index = 5 noted at the time of randomization
(i.e., after the diagnostic portion of the split-night polysomnogram)
+ CPAP naive

Exclusion criteria:

+ Severe COPD signified by forced expiratory volume in 1 second
< 40% predicted or need for supplemental oxygen

Known hypersensitivity to zaleplon

Known severe hepatic or renal impairment (creatinine > 3 mg/dL)

Concurrent use of benzodiazepines.

Concurrent use of drugs that may interact with zaleplon, including

cimetidine, rifampin, or thioridazine.

+ Predominantly central sleep apnea noted at the time of
randomization (i.e., after the diagnostic portion of the split-night
polysomnogram)

+ New diagnosis of restless leg syndrome requiring treatment

+ Known pregnancy or breast feeding mothers

suspected OSA between October 2004 and March 2006 were
approached for enrollment. Inclusion and exclusion criteria
are listed in Table 1. All subjects underwent an evaluation by
a board-certified sleep specialist, were thought to likely have
OSA, and were tested via a laboratory-based, technologist-
attended polysomnogram (PSG). Prior to PSG, each subject
viewed an educational video describing OSA, PSG, and CPAP,
followed by a personalized CPAP interface sizing session with
a polysomnographic technologist. Subjects were allowed to try
on different interfaces with CPAP at 5 cm H,O. Participants
completed the Functional Outcomes of Sleep Questionnaire
(FOSQ)," a 30-item questionnaire designed to assess 5 areas
of functional outcomes affected by sleep disorders: general
productivity, social outcomes, activity level, vigilance, and in-
timate relationships.

PSGs were performed using a digital polygraph (NCI
Lamont Medical, Inc., Madison, WI, or Bio-Logic Systems
Corp., Mundelein, IL). The following parameters were record-
ed: electroencephalography (F -C; C-O; C-M, or C-M,);
electrooculography (right outer canthus—FpZ; Left outer canthus-
sz); submental and anterior tibialis electromyography; snoring
by laryngeal microphone; electrocardiography; pulse oximetry;
and respiratory effort (thoracic, abdominal, and summated in-
ductive plethysmography). Airflow was analyzed by nasal pres-
sure transducer (standard at the time of this study). Obstructive
apnea was defined as cessation of airflow > 10 sec despite re-
spiratory effort. Hypopnea was defined by > 30% reduction in
airflow > 10 sec accompanied by > 4% drop in oxyhemoglobin
saturation. Sleep stages and arousals were manually scored by
registered polysomnographic technologists using contemporary
standards at the time of the study.'®!” OSA was defined by an
apnea-hypopnea index (AHI) > 5.

All PSGs were performed in a split-night fashion. The ini-
tial (i.e., diagnostic) phase was continued until a minimum total
sleep time of 120 min occurred and REM sleep was noted. If
REM did not occur, diagnostic portion was stopped at 02:30
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if the total sleep time was a minimum of 120 minutes. Sub-
jects with OSA were randomized (using nQuery Advisor 4.0
software) to receive zaleplon 10 mg or an identical-appearing
placebo, followed immediately by commencement of the CPAP
titration during the second portion of the PSG. CPAP was start-
ed at 5 cm H,O (4 cm H,O if the subject was uncomfortable
with the initial CPAP setting) through an interface of the sub-
ject’s choosing and gradually increased in increments of 1 cm
H,O until disordered breathing events were eliminated. At the
conclusion of the polysomnogram, subjects used a visual ana-
log scale to rate their initial experience with the PSG and CPAP.

A board-certified sleep specialist reviewed all PSGs. For
those prescribed CPAP, a standardized education packet regard-
ing the use and care of CPAP equipment supplemented the sleep
specialists’ education regarding CPAP use, and follow-up visit
was scheduled. The follow-up visit target was 1 month, but var-
ied because of differences in time necessary to secure CPAP
(CPAP was obtained by subjects through a durable medical
equipment vendor of their choosing) and travel distance to our
center. All subjects were also encouraged to call our sleep cen-
ter nurse phone line if they experienced any CPAP problems.
At the follow-up visit, CPAP use information was downloaded
from their device and subjects completed a second FOSQ. If
subjects missed their return appointment, they were contacted
by telephone to rescheduled a visit or were sent a mail package
asking them to return a second FOSQ and their downloaded
CPAP information (via their local vendor) using an enclosed
self-stamped envelope. All patients, physicians, technologists,
and nurses remained blinded with respect to zaleplon vs. pla-
cebo pretreatment throughout the study.

STATISTICS

A retrospective analysis of 274 OSA patients treated with
CPAP in our sleep facility and who had downloaded compli-
ance data revealed a mean CPAP use of 5.6 h (+ 1.9) per night
(non-published data gathered as part of our center’s database).
Assuming the same standard deviation in our study groups and
using a = 0.05, we calculated that 63 patients per study group
would provide 80% power to detect a difference in nightly av-
erage CPAP use of 60 min (18% improvement) (nQuery Advi-
sor 4.0 software) between groups. We used an intention-to-treat
analysis for the pre- and post-CPAP data using a nonparametric
analysis of variance (ANOVA). Similarly, nonparametric ANO-
VA was used to analyze the difference between groups at the
time of follow-up regarding compliance and FOSQ. Non-nor-
mally distributed data are expressed as median and interquartile
range (IQR), 25" and 75" percentiles. Where noted, mean =+
standard deviation is used for some parametric data.

RESULTS

One hundred seventy-six eligible subjects were enrolled and
randomly assigned to receive either placebo or zaleplon during
split-night PSG (Figure 1). After enrollment, 42 subjects (27 in
the placebo group, 15 in the zaleplon group) did not receive the
assigned treatment for various reasons (Figure 1). As a result,
61 subjects comprised the placebo group and 73 subjects the
zaleplon group.
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Figure 1—Subject flow diagram
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Table 2—Baseline characteristics of study subject and diagnostic polysomnogram data

Total number of subjects

Female (%)

Age (mean £ SD)
BMI (mean + SD)

Neck (inches) (mean + SD)
Epworth Sleepiness Scale

FOSQ

Sleep Efficiency®

Initial sleep latency (min)

Stage 1 (%)
Stage 2 (%)
Stage 3/4 (%)°
REM (%)
Arousal index

Periodic limb movement index
Apnea-hypopnea index
Minimum oxygen saturation

Zaleplon Placebo
median (IQR)? median (IQR)? P value
73 61
18 (25%) 24 (39%)
51.5+11.6 47.7+10.6 0.049
352+82 36.9+9.2 0.26
174+£18 17.3+19 0.78
9(7.3,14) 10.5(8, 15.1) 0.32
17.4 (14.7, 18.8) 16.3 (14.5, 17.8) 0.14
73.4 (63.3, 84.5) 74.1(64.8, 83.6) 0.93
10.5 (5.5, 22.2) 128(8 23.8) 0.19
17.3 (9.7, 23) 18 (11.7,26.4) 0.41
53.5(44.7,63.9) 55.5 (43.5, 67.9) 0.70
16 1(4.3,27) 13.7 (0, 26.3) 0.46
5(4.7,15) 7.85(1.1,13.3) 0.41
33 8 (23.1,58.7) 35.5(22.6, 59.4) 0.65
9(0,294) 0(0, 28.4) 0.53
19 (9, 38.5) 17 5(8.8, 33) 0.67
84 (80, 86.5) 84 (77, 87) 0.66
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“Data is expressed in median with interquartile range except where noted. ®Total sleep time/time in bed = sleep efficiency. °Staging slow wave sleep into
stages 3 and 4 were standard at the time of this study. IQR, interquartile range (25" %ile, 75" %ile); BMI, body mass index (kg/m?); FOSQ, Functional
Outcomes of Sleep Questionnaire.

Table 2 provides data on baseline demographics and the di-
agnostic portion of PSG for the 2 groups. Placebo group had
slightly greater percentage of women and was slightly younger.
There were no significant differences in body mass index, Ep-

worth Sleepiness Scale (ESS) score, or FOSQ scores. There
were no significant differences in various diagnostic PSG pa-
rameters, including AHI and minimum oxyhemoglobin satura-
tion (Table 2).
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Table 3—Effect of zaleplon on polysomnogram values during CPAP titration

Sleep efficiency

Initial sleep latency (min)
Stage 1 (%)

Stage 2 (%)

Stage 3/4 (%)°

REM (%)

Arousal index

Periodic limb movement index
Residual apnea-hypopnea index
Minimal oxygen saturation
Effective CPAP pressure
Visual analog scale®

Zaleplon Placebo
median (IQR)? median (IQR)? P value
79.8(71.2,85.7) 762(651 83.8) 0.10
175 (11.3,31.5) 26 (15.3, 46) 0.01
2(55,12.5) 2(5,15.2) 0.83
52 4 (43.3, 60.6) 50 (40.2, 57.7) 0.33
14.3 (5.3, 22) 9(2.6,24.3) 0.21
22.6 (17.7, 28) 26 2 (21, 38) 0.02
135(81 23.9) 12.7 (9.4, 23.6) 0.67
.7(0,14.3) 0(0,15.7) 0.34
1 0,37) 1(0, 3) 0.58
89 (88, 91.5) 90 (86.5, 92) 0.83
9(8,10) 8(7,10) 0.74
4(4,9) 4(33,9) 0.12

“Data is expressed in median with interquartile range. °Staging slow wave sleep into stages 3 and 4 were standard at the time of this study. ®Visual analog
scale of 1 to 5 (5 being very satisfied) used to rate the overall satisfaction of the PSG and the CPAP trial.

Table 4—Intention-to-treat analysis

N

Days

Hours/day

Follow-up Epworth Sleepiness Scale
Follow-up FOSQ

3QR - Interquartile range: 25th and 75" percentile range.

Zaleplon Placebo
median (IQR)? median (IQR)? P value
73 61
35 (28, 37) 36 (29, 37) 0.54
9(4.5,6.5) 5(4.9,7) 0.16
5(5,7) 5(5,7) 049
175(175 18.5) 175(175 18.2) 0.71

During CPAP titration, zaleplon use was associated with
shorter initial sleep latency and decreased REM sleep com-
pared to placebo (Table 3). There were no differences in the
effective CPAP pressures, AHI for the entire titration, or the
arousal index. Furthermore, there was no difference in overall
subject satisfaction with the PSG and CPAP as determined by
their responses on the visual analog scale (Table 3). All stud-
ies were completed without any adverse events and all CPAP
titrations were considered “adequate” or greater per published
clinical guidelines for CPAP titration.'®

CPAP was not prescribed in 10 subjects (4 in the placebo
group, 6 in the zaleplon group), because of the very mild nature
of their OSA (mean AHI 5.9 + 5.6 in these 10 subjects). An
additional 20 subjects (7 in the placebo group, 13 in zaleplon
group) refused CPAP therapy. Those who declined therapy
were younger (median age of 41 vs 51 [p = 0.019]) and had
lower BMI (median BMI of 31.5 vs 35.7 [p = 0.009]), but did
not differ in ESS, FOSQ, VAS, or AHI (data not shown). Nine
subjects (4 in the placebo group; 5 in the zaleplon group) did
not return for follow-up; they were not available by telephone
and did not return a mail request for follow-up information
(Figure 1). There were no significant differences in the age,
BMI, FOSQ, ESS, or AHI between those who did and did not
return for follow up (data not shown).

Ultimately, follow-up information was available in 46 sub-
jects in the placebo group and 49 subjects in the zaleplon group,
with 39 placebo group patients and 44 zaleplon group patients
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having CPAP devices with downloadable compliance capability
(Table 4). Among these groups, no subjects discontinued CPAP
therapy during the follow-up period. Using an intention-to-treat
analysis, CPAP compliance and symptomatic improvements were
not statistically different between the two groups (Table 4). ESS
and FOSQ scores improved similarly in both groups (Table 5).
Overall, ESS score, AHI during the diagnostic test, and sleep
efficiency during the CPAP titration was not associated with daily
CPAP usage at follow-up (p = 1.0, 0.85, and 0.84, respectively).

DISCUSSION

Our study demonstrated that zaleplon administered just be-
fore CPAP titration during split-night PSG improved initial
sleep latency without affecting minimum oxygen saturation or
resultant CPAP pressure. Contrary to our hypothesis, use of za-
leplon did not result improvement in sleep efficiency or arousal
indices, and thus perception of sleep quality during the PSG
did not differ between the two groups. Although CPAP adher-
ence was relatively high in both groups, use of zaleplon did not
result in increased compliance. Improvements in OSA-related
symptoms as measured by FOSQ and ESS were also similar in
the zaleplon and placebo groups.

Our data conflict with Lettieri’s work involving the use of a
hypnotic during CPAP titration. A retrospective assessment of
400 consecutive patients prescribed CPAP for OSA showed that
of multiple parameters assessed, only age and use of a hypnotic
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Table 5—Outcome variables at follow-up

N

Days

Compliant days (%)°

Hours/day®

Follow-up Epworth Sleepiness Scale
Follow-up FOSQ

Zaleplon Placebo
median (IQR)? median (IQR)? P value
44 39
35 (30, 41.5) 35 (29, 43) 0.94
92 5(82.8, 98.5) 91 7(72.2,97.7) 0.72
5(5,7) 5(5,8) 0.64
63,9 6(3,8) 0.66
18.5(16.5, 19.5) 17.9 (16.3, 19) 0.48

3QR - Interquartile range: 25th and 75" percentile range. ®Only 39 in the placebo and 44 in the zaleplon group had CPAP with compliance monitors. If self-
reported compliance data is included for the remaining 7 in the placebo group and 5 in the zaleplon group, the resultant h/day CPAP use would be 6:04 and

5:46, respectively.

Table 6—Review of interventions’ impact on CPAP compliance

Intervention
Improved sleep efficiency during PSG"
Zolpidem, placebo, or standard therapy during CPAP titration™

Zolpidem or eszopiclone during CPAP titration'*
Eszopiclone during CPAP titration?

Eszopiclone - first 14 nights™

Cognitive behavioral therapy?®

C-Flex (at one month)?

Use of BiFlex in previously non-compliant subjects?

*SD was not provided.

Intervention Baseline or Placebo
Group’s PAP Use Group’s PAP Use
(hours/night, mean + SD) (hours/night, mean £ SD) P value
6.12+2.25 409 +2.52 0.001
443+1.16 4.23 + 2.14(placebo) 0.361
4.94 + 1.44(standard)
40+£17 3217 0.0007
48+15 39+18 0.03
3.57* 242 0.005
5.38 £2.55 251+£27 <0.0001
47422 35+28 <0.05
3.7+20 29+23 <0.05

(typically zolpidem) during the CPAP titration were associated
with better short-term CPAP compliance.* This association was
significant for patients less than 50 years old, but not with older
patients. The retrospective nature of their study did not allow con-
trol for selection bias (they only included patients who returned
for follow-up; patients using hypnotic-sedative medications prior
to PSG were excluded) or medication effects (they could not iden-
tify which patients received which hypnotic and could not verify
use or non-use in 15% of their patients). In a prospective study,
Lettieri and his colleagues also demonstrated that pre-treatment
with eszopiclone prior to full-night attended polysomnography
for CPAP titration improved CPAP compliance for those patients
returning for follow-up.?’ However, about one-sixth of their pa-
tients did not return, and the improvement in compliance was not
demonstrated using an intention-to-treat analysis.

There are several potential explanations for the conflicting
results. Twenty-nine percent of successfully randomized pa-
tients did not complete the study (77% of these subjects were
not prescribed or declined CPAP), leaving our study potentially
underpowered to detect a difference in CPAP compliance with
zaleplon. In addition, the average rating of the initial CPAP
experience in both groups was “very good” (“4” on a 5-point
scale with “5” being “very satisfied”), making it challenging to
discern an additive contribution of zaleplon when the control
group was highly satisfied.

We also used a different hypnotic. Zaleplon is a pyrazolopy-
rimidine hypnotic/sedative that is unrelated to benzodiazepines

but acts on the same GABA-A receptor site as the benzodiaz-
epines. Zaleplon also possesses some anxiolytic effects.”>* We
opted for use zaleplon because of its short-acting hypnotic ef-
fect in an effort to mitigate any morning hangover that might re-
sult from administration in the middle of split-night PSG. Other
studies have used related but longer acting nonbenzodiazepine,
benzodiazepine receptor agonists, zolpidem, and eszoplicone.
Multiple regression analysis of Drake’s study correlated im-
proved CPAP compliance only with objective improvement in
sleep efficiency, not with participants’ subjective improvement
in their sleep quality." In our study, zaleplon improved initial
sleep latency but did not affect other sleep parameters. This
lack of objective improvement in sleep efficiency may also ac-
count for lack of improvement in CPAP compliance.

It is probably also important to note that the improvement
in CPAP compliance in Drake’s study was from 4.09 to 6.12
hours per night.!! Lettieri’s prospective study using eszopiclone
at the beginning of CPAP titration showed improvement from
3.9 to 4.8 hours per night of CPAP use.?! A prospective use of
short-term eszopiclone use improved CPAP use from 2.4 to 3.6
hours."” Other interventions that improved CPAP compliance
were in cases where baseline or placebo group use was under 5
hours (Table 6). Our placebo group’s average compliance was
already 6.5 h/night. These results imply that the benefit of add-
ing hypnotic in improving CPAP compliance may be limited to
those whose compliance is less than 5 hours. Thus, the benefit
of adding zolpidem or eszopiclone for full-night CPAP titration

Journal of Clinical Sleep Medicine, Vol. 9, No. 5, 2013
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studies may hinge on baseline CPAP compliance of the patient
population. For example, if CPAP compliance of patients with
certain risk factors might be predicted to be less than 5 hours,
adding hypnotic such as zolpidem or ezopiclone prior to CPAP
titration may result in improved CPAP compliance at follow-up.

Our study may have been limited by the split-night format
of our PSG. It is possible that approximately 4 hours of CPAP
titration may have been insufficient for our subjects to fully
subjectively experience the benefit of CPAP, especially consid-
ering some of that time was spent in less than optimum CPAP
pressure. With a full-night CPAP titration study, more of the
night may be spent at adequate CPAP pressure that may further
improve subjective rating. However, given that our subjects felt
the titration portion was at least “very good” (rating of 4 on
5-point scale), the split-night format seems less likely to be a
major contributing factor. Furthermore, there were several stud-
ies looking at the impact of split-night studies that did not find
any negative impact on CPAP compliance.”

CONCLUSION

In our double-blinded, placebo-controlled, randomized
study, the use of zaleplon at the beginning of CPAP titration
during split-night study improved initial sleep latency, but did
not yield improvements in CPAP compliance. While there was
a trend towards improved sleep efficiency, it did not reach sta-
tistical significance. Our study showed that use of zaleplon
did not result in systematic changes to AHI, oxygenation, or
CPAP titration pressures, and it may therefore be used safely
in patients without contraindications during attended polysom-
nography, and because of shorter sleep latency, might allow for
longer PSG recordings. However, benefit for CPAP treatment
adherence may only accrue to patients in whom anticipated
CPAP adherence is low.
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