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REM-Related Sleep-Disordered Breathing
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B ABSTRACT

Sleep is associated with definite changes in respiratory function in normal human beings. During sleep, there is loss of voluntary con-
trol of breathing and a decrease in the usual ventilatory response to both low oxygen and high carbon dioxide levels. Especially, rapid
eye movement (REM) sleep is a distinct neurophysiological state associated with significant changes in breathing pattern and venti-
latory control as compared with both wakefulness and non—rapid eye movement (NREM) sleep. REM sleep is characterized by
erratic, shallow breathing with irregularities both in amplitude and frequency owing to marked reduction in intercostal and upper airway
muscle activity. These blunted ventilatory responses during sleep are clinically important. They permit marked hypoxemia that occurs
during REM sleep in patients with lung or chest wall disease. In addition, sleep—disordered breathing (SDB) is more frequent and
longer and hypoventilation is more pronounced during REM sleep. Although apneic episodes are most frequent and severe during
REM sleep, most adults spend less than 20 to 25% of total sleep time in REM sleep. It is, therefore, possible for patients to have
frequent apneas and hypopneas during REM sleep and still have a normal apnea—hypopnea index if the event—rich REM periods
are diluted by event—poor periods of NREM sleep. In this review, we address respiratory physiology according to sleep stage, and the
clinical implications of SDB and hypoventilation aggravated during REM sleep. Sleep Medicine and Psychophysiology 2004 ; 11(1) :
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Fig. 1. Typical breathing pattern during unsteady NREM sleep. V,
ventilatory volumes (ml) obtained from a pneumotachograph
attached to a face mask ; insp, inspiration ; exp, expiration ; thor
mvt, abd mvt, thoracic and abdominal movements ; CEco2, CO2
concentration (percent) in the face mask ; SaOz, oxygen satura-
tion (percent) (From Krieger J. Breathing during sleep in normal
subjects. Clin Chest Med 1985;6:577-594).
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Fig. 2. Typical breathing pattern during steady NREM sleep. For
abbreviations, see Fig. 1 (From Krieger J. Breathing during sleep
in normal subjects. Clin Chest Med 1985;6:577-594).
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Fig. 3. Typical breathing pattern during REM sleep. For abbrevia-
tion, see Fig. 1 (From Krieger J. Breathing during sleep in normal
subjects. Clin Chest Med 1985;6:577-594).
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Fig. 4. Individual changes in minute ventilation (VI) from wake-
fulness to NREM and REM sleep. Individuals were grouped accor-
ding to their primary disease, including obesity hypoventilation syn-
drome (OHS), chronic obstructive pulmonary disease (COPD),
and other primary diseases (From Becker HF, et al. Breathing
during sleep in patients with nocturnal desaturation. Am J Respir
Crit Care Med 1999;159:112-118) .
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