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Effect of Zolpidem and Enhanced Expiratory
Rebreathing Space on Complex Sleep Apnea
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Treatment-emergent central sleep apnea has been referred to as ‘complex sleep apnea, where apparently obstructive respiratory events
convert to central apneas with application of positive airway pressure. Potential contributing factors may include increased propensity for
arousals and positive airway pressure-induced reductions in CO, which amplifies unstable ventilatory control. Here we demonstrate the
dramatic beneficial effects of zolpidem and enhanced expiratory rebreathing space on complex sleep apnea, which helps to elude the mech-

anism of complex sleep apnea.
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A 58-year-old man with end-stage renal disease on hemodialysis and hypertension present-
ed with habitual snoring, observed apneas, and daytime sleepiness. His renal function re-
mained stable during the course of evaluation and management of sleep apneas. The full-night
diagnostic polysomnography (PSG) showed severe sleep apneas (apnea-hypopnea index 67.4).
The main type of respiratory events is obstructive (obstructive apnea index 24.1) but central che-
moreflex instability was also documented (central apnea index 2.9; mixed apnea index 3.5). On
the diagnostic PSG, patient had no rapid eye movement (REM) sleep. So we could not document
REM-related improvement or worsening of sleep-disordered breathing. We performed the first
titration study one week after the diagnostic PSG, but patient did not tolerate continuous pos-
itive airway pressure (CPAP) and repetitively woke up (wake after sleep onset 50.9%; time in bed,
197.4 min) and only slept 94.5 minutes (sleep efficiency: 63.5%). The pressure was dialed up to
6.0 cm H,O but the apnea-hypopnea index was 10.2. The titration was considered unaccept-
able and patient did not accept CPAP therapy. As symptoms persisted, a second titration was
performed two months later with zolpidem 10 mg at bed time. Sleep was successfully induced (Fig.
1). CPAP was titrated up to 9 cm H,O to normalize obstructive events and sleep fragmenta-
tions during supine REM sleep. Stable respiration and sleep was maintained after sleep onset until
central sleep apneas abruptly emerged (Fig. 1). The time when central apneas emerged is about
two and a half hours after sleep onset that coincided with the half life of zolpidem (1.5-2.4 hr)."
The pressure was titrated up to 10 cm H,O, but did not control respiratory events (apnea-hy-
popnea index 34.9; central apnea index 23.3), and sleep remained fragmented. Finally patient
woke up and did not tolerate further titration (Fig. 1). The study was terminated at 3:36 AM
(time in bed 246.0 min; total sleep time 233.0 min). At the second titration, CPAP at 9 cm H,O
maintained airway patency during the stable sleep induced by zolpidem but central sleep ap-
neas and periodic breathing emerged as the drug effect wore off (Figs. 1 and 2). Complex sleep
apnea was diagnosed, and a third titration was performed to treat complex apnea with carbon di-
oxide modulation using enhanced expiratory rebreathing space (EERS).? Central apneas and pe-
riodic breathings can be generated when the arterial carbon dioxide level falls below the apnea
threshold.” Therefore, preventing hypocapnia has a stabilizing effect on sleep-respiratory control.
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Fig. 1. Hypnogram of the second titration study. Emergence of sleep disordered breathings after the initial successful control of obstructive events
with continuous positive airway pressure at 9 cm H20 and zolpidem was reflected in the oxygen saturation curve and desaturation event row. ‘Bi-
level’ denotes the positive airway pressure level. Bilevel positive pressure was not applied.
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Fig. 2. Central apneas emerged when zolpidem effect wore off in the second titration night. Body, body position; SEOG, superior extraoculogra-
phy (left eye); IEOG, inferior extraoculography (left eye); REOG, right extraoculography (left eye); LEOG, extraoculography (left eye); Chin1-
Chin2, chin EMG; HR, heart rate; Press, continuous positive airway pressure (cm Hz20); Cflow, airflow signal; Sum-Sr, summed signal of chest
and abdominal respiratory impedance pletysmography; Chest-Cr, chest respiratory impedance pletysmography; Abd-Abr, respiratory impedance
pletysmography; Mic-Mr, microphone signal; Snore-snr, airflow vibration signal filtered from airflow (Cflow); Lat1-Lat2, left tibialis EMG; Rat1-
Rat2, right tibialis EMG; Sa02, oxygen saturation signal; Leak, sum of non-intentional leak generated from positive airway pressure machine.
Two parallel lines running oblique in the middle of the screen are artifacts.

EERS was designed to provide a dead space-like effect using a trolled sleep disordered breathing and sleep fragmentation in the
non-vented mask and 4-6 inches of additional standard tubing.>* first half night (Fig. 3). With CPAP, EERS and zolpidem, sleep was
Three weeks after the second titration, the third study was per- more consolidated with decreased arousals and increased amounts
formed with zolpidem 10 mg at bed time and with EERS. Be- of slow wave sleep that was absent at the second titration. Three-
tween the second and third titration, CPAP had not been applied. and- a half hours after lights-out, the patient woke up for about
Sleep was successfully induced and maintained with increased 50 minutes, possibly from a zolpidem withdrawal effect (Fig. 3).
amount of slow wave sleep in the first half of the night. EERS of Once the patient fell asleep again, CPAP at 9 cm H,O was imple-
50 mL was added from the beginning of the study and titrated mented with EERS of 100 mL successfully prevented the emer-
up to 100 cc to minimize hypocapnia. As expected from the sec- gence of central sleep apneas during the latter part of the titration
ond titration, CPAP at 9 cm H,O and zolpidem successfully con- (Figs. 3 and 4).
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Fig. 3. Hypnogram of the third titration study. Continuous positive airway pressure at 9 cm H2O implemented with enhanced expiratory rebreath-
ing space and zolpidem successfully prevents sleep disordered breathings and normalizes sleep fragmentation.
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Fig. 4. Sleep and respiratory stabilization with continuous positive airway pressure at 9 cm H.O implemented with enhanced expiratory rebreath-
ing space 100 mL. For abbreviations, refer to the legend of Fig. 2. Two lines running oblique in the middle of the screen are artifacts.

Emergence of central apneas with the possible withdrawal of
sleep stabilizer due to a pharmacokinetic (half life) effect suggests
that increased sleep-wake transitions is one of the contributing
mechanisms of complex sleep apnea. We also documented the
beneficial effect of EERS to control complex sleep apnea. Though
the natural course and underlying mechanisms of complex sleep
apneas remain to be fully determined, judicious use of hypnot-
ics and EERS could aid in the management of many patients.’

Conflicts of Interest
Dr. Thomas has a patent for a device to regulate CO, during sleep for treat-
ment of complex sleep apnea. Dr. Yun has no conflict of interest.

REFERENCES

1. Medelson WB. Hypnotic medications: mechanisms of acition and phar-

2.

o

w

macologic effects. In: Kyger MH, Roth T, Dement WC. Principles and

practice of sleep medicine. Philadelphia: Elsevier 2005;444-51.

Thomas RJ, Daly RW, Weiss JW. Low-concentration carbon dioxide is
an effective adjunct to positive airway pressure in the treatment of re-
fractory mixed central and obstructive sleep-disordered breathing. Sleep

2005;28:69-77.

. Dempsey JA, Smith CA, Przybylowski T, Chenuel B, Xie A, Nakayama H,

et al. The ventilatory responsiveness to CO(2) below eupnoea as a deter-
minant of ventilatory stability in sleep. ] Physiol 2004;560:1-11.

. Thomas R]. Effect of added dead space to positive airway pressure for

treatment of complex sleep-disordered breathing. Sleep Med 2005;6:177-8.

vasc Dis 2009;51:313-23.

. Eckert DJ, Malhotra A, Jordan AS. Mechanisms of apnea. Prog Cardio-

www. sleepmedres.org 37



