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Control of Ventilation during Sleep
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= ABSTRACT

Sleep alters both breathing pattern and the ventilatory responses to external stimuli. These changes during sleep permit the
development or aggravation of sleep—related hypoxemia in patients with respiratory disease and contribute to the pathogenesis
of apneas in patients with the sleep apnea syndrome.

Fundamental effects of sleep on the ventilatory control system are 1) removal of wakefulness input to the upper airway leading
to the increase in upper airway resistance, 2) loss of wakefulness drive to the respiratory pump, 3) compromise of protective
respiratory reflexes, and 4) additional sleep—induced compromise of ventilatory control initiated by reduced functional residual
capacity on supine position assumed in sleep, decreased CO; production during sleep, and increased cerebral blood flow in
especially rapid eye movement(REM) sleep. These effects resulted in periodic breathing during unsteady non—rapid eye move—
ment(NREM) sleep even in normal subjects, regular but low ventilation during steady NREM sleep, and irregular breathing during
REM sleep. Sleep—induced breathing instabilities are divided due primarily to transient increase in upper airway resistance and
those that involve overshoots and undershoots in neural feedback mechanisms regulating the timing and/or amplitude of res—
piratory output. Following ventilatory overshoots, breathing stability will be maintained if excitatory short—term potentiation is the
prevailing influence. On the other hand, apnea and hypopnea will occur if inhibitory mechanisms dominate following the ventil—
atory overshoot. These inhibitory mechanisms include 1) hypocapnia, 2) inhibitory effect from lung stretch, 3) baroreceptor sti—
mulation, 4) upper airway mechanoreceptor reflexes, 5) central depression by hypoxia, and 6) central system inertia.

While the respiratory control system functions well during wakefulness, the control of breathing is commonly disrupted during
sleep. These changes in respiratory control resulting in breathing instability during sleep are related with the pathophysiologic
mechanisms of obstructive and/or central apnea, and have the therapeutic implications for nocturnal hypoventilation in patients
with chronic obstructive pulmonary disease or alveolar hypoventilation syndrome. Sleep Medicine and Psychophysiology 19991
6(1)019-25
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Fig. 1.

0 000 00 00 000 0000 0000 00 ooo
00,00 00 OO0 000 (automatic or metabolic con—
trol system)d OO OO OO 00O (behavioral or vol—
untary control system)O O0OO0O.

000 00 DOOO 00 (medulla oblongata)(l 000
OO0 O 00 000 (ventral and dorsal respiratory groups)
0 00 ODOO(neuron)d U0 OO 000 OO0 OO O
O (drive)d OO (integration) OO0 OO0 OO (gene—
ration) 0 OO0 (formation)] 000 OO0 00000 OO
(impulse)J OOO0O. O0O0 OODO OOO (pacema—
ker)D 00 000 U0 OO0 O0OOOO0O OO0 OO0
0000.00 000 00 000 00 000 (chemore—
ceptor)J OO OO0 (mechanoreceptor)D] OO0 OO0
00 000 000 000 0000 000 000 o0 O
00 00000 o0.

00 0000 000 O00(carotid body) OO OO0 O
0 0000 000 00 O0(ventral surface) OO0 O
0 00 0000 D000.000 000 00 00 o0
(PaO,)0 OO0 O0OO00O 0900 O0O(glossopharyn—
geal nerve)d 00O OO0 OO0 OOO O0O0O0O, Pao, 60
mmHg 00 0O 000 D000 O00.000 PaO, 30040
mmHg 00 000 000000 00 00 00 000 O
000 OO0 000 0000 00. 000000 000 O
00 000 00 00 000 000 00 0o0og, PaCo,
00 0O 000 00 000 oooag.

000 OO0 OO0 0000 00(dead)D OO0 OO0 O
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00,00 00 0000 OO0 00000 OO0 000 O
00 000 00O. 0 00 @ulmonary stretch)y 000, OO
OO (rapidly adapting, irritant, deflation, collapse) 000,
000 CO0J0O00 000 00 0000000 ooo
O00(vagus) 000 OO0 00 OO0 0O0O00O,00 000
000000 00 00 0 0000 (tidal volume) 00
0O 00 000 00 DO (rapid, shallow breathing)D 00O
00 00.00 Oo0O0@o, 0,00)0o0o ooo oo
OO(spinalnerve)d OO0OO OO OO0 OO0OO.

000 00 000 00 0D000 000 000 oo
0,00 U000 0000 00 U0 00 00 00 00
0 0000. 00000 00 00 00000 0000 O
00 00 0O 000 0000 O 00,00, 00,000
00 O 00 00,00,00,0 00 00 OO0 O0O0OO
00 00 000 000 000 0000 00.00 0ooo
000 OO(efferent) 000 OO0 OO 000 000O0O0O
000,0000 00 00 000 0000 0000 00
0 000,00 00 000000 00 0O 000 000 O
0@0) 000 000 D000 (override) OO0 O O
00 0000. 000 000 00 00 0O0(wakef—
ulness drive to breathe)d OO0 OO (midbrain), 00O
O OO@ons)d OO O00O0O0 OO OO0 (reticular ac—
tivating system)d 0000 OO0O0O.

2. M T 3§ xH9| W3}

00 000 O0@mon—rapid eye movement, NREM)
000 O (rapid eye movement, REM) 0000 O0O0O0O
0 00 000 9001200 OOOO 0O0OOO 1000 O
000 OO0 00 000 10020000.00 OO0 400
0 0000 1,2000 00 O0(light sleep), 3, 4000
00 00 (slow—wave sleep)0 OO000O, OO OO
0 00000 100 000 000 00 0000 200
000 000 O000Ounsteady) OO 00O, 0 OO0 20
0 00 000 U0 000 O0O(steady) OO0 0000
ooo o oo.
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00 00 000 00 0000 00 00,0 00 O
0 0000 O 00O (tonic activity) D00 OO0 000
0000 0000 0000, 000 000 000 000
000 0000 0O0.000 0000 000 000 O
0000000000 D00 00000 000,00
0 000 00 000 (variability)D 000 000 OO
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00 00O 00 0O 000 00 00 000 (pattern ge—
erator)000 000000 00 OO0 O0OOO,00 O
0000000 0000 00 00 000 ooooo,
0000 D00 0000 00000,00 00 0000
000 00 000 00000 0000 ooooao.

0 00 000D 00 0000 00000 000,00 O
0000000000000 0000000000
0 000 000.0,00 00 000 000 O(presyn—
aptic) 0 000 O(postsynaptic) 000 00O OO OOO
00 00O OO0 (arousal threshold)D OO0 00O OO, 0
0 000 000 0 000 00 00 00 000 000 O
000.0 00 0 0000 000 00 000 000 00
00 00 000 00 00 000 000 000 oooo
000,00 D000 0O O0 000 000000 0000
0000 0000 oo.

00,00 0 00 00 000 000 000 (functional
residual capacity, FRC)O 000 0000 OO0-00 O
000 0000. 000 0000 000 00 000 oo

Table 1. Fundamental effects of sleep on the ventilatory
control system

1. Removal of wakefulness input to the upper airway

2. Loss of wakefulness drive to the pump

3. Compromised protective respiratory reflexes

4. Additional sleep-induced compromise of Decreased FRC
ventilatory control Decreased CO2
production

Increased cerebral

(caudal) OO0 OOO0O 00O OO0 OO OO0 0O0OO
00 00000.00 0 00 000 0000 0 000 O
0 000 00 0000 00000 0000 000 O 00
000 oooo.

000 0000 00 00 0O OO0 0000 6010% 00
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0000 16% 00 0000. 00 000 00 00 000
00 00 00 00 00 0O 2/3,0 00 0O /3000 0O
000.00000 000 00 00 00 0 00 00 OO0
00 00 000 000 0000 00 000 000 000
0 000 000 o0.
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0 00 10020000 600000 DOO 60-900 OO
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000, 100400 000 00000 000 000 000
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(2) OO (steady) OO OO
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000 0000. 0000 D00 00 000 00 00
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0000 0000.0 00 00 0000 00 000 o
000,00 000000000 0000 o0oa0.

0 00 00 00 0000 OO0 000 00 40 O0.
0,10 00 0 00000 000 0000 OO0 OO0
(motor unit)DD 0000 OO0 O 00 O OO O 0O0O0O
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0 000 000,00 0 0000 000 00 00 00
000 0 000 OO.

(2) 000 000 OO0

00 00 0 000,0000 0 00 00 000 00
00.00 00 0 0000 000 15% 00 00000,
00 00000 OO0 00000 000 000 00000
0000.0 00 000 0000 000 000 000 O
00 000 000 0 00 0 000 000 00000
0 00 0 0000 000 000 0000,0000 00
00 000 0000 000 000.00000 00 00
0 0000 0000 000 000 00 00 0 0000
000 000000 00000 0000.

(3000 0 0000 0O

00 0 0 0000 0000000 00000 00
0 00 00000 00 0000.0 00 000 00 00
000 0O 00000 0000 0000 000 00 00
00 000 000 000 00.0000 0 00 0 000
00 00 00000 00000 0000 00 00 00
0000 000 000 00 000 000 00 O 000
00 oo.
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00D DOO00OO 1) 000D D00 OO0
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0000 00 0DO0O0 (feedback) OO0 OO (overshoots)
00 OO0(undershoots) OO0 O0O0O0O.00 OO0 OO
000 00000 00 0000 00 000 00,000
0000 000 00 OO0 000 000 00 000 oo
0 000 00 D 00@O 2).00,000 000 00O
00 000 00 0000 0000 000(@O 5),00
00 000 000D 000 000000 000 000 O
000 0000 0000 00 0000.00 O 000
000 OO0 00D 000 000 00 0000 0000
PaCO,0 000 Pa0O,0 OO0 O0D0OO,00 OO OO0
00000 0000 000 00000, 00 000 oo
(arousal)d OO0 O0OOO0 OOOO. 000 OOO OO
0 000 000 000 00 00 000 000 oooo
0000 00,00 0000 000 000 00 0000
oooo oo.
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000 OO0 OO0 0D0000 000 000 000 ooo
000 00 000 00 00 0 0000 00 00 (post—
stimulus short—term potentiation) 000 00000, O
00000 00 0O 000 000 000 000 000 O
00 000 0000 0000. 000 00 00 00 0O
00 00D 00 OO0 0000 0000@O 6) 00O
000 000 0000 0D0O000 00,00 00 OO0
0 0000 0000 hypocapnia)d 000 OO OO O
0000 0000 00000 00 D00 000 000
0 0000 0000, 0000 00 OO0 0O OoOoo
0000 D000 0000 000 000 oog, 0oo
00 00 000 00 0000 00 00 000 0oooo
000 000 000 0000.0 00 00 00 000
00 000 000 00 0000 00 000 00 00
00,000 00 00 OO0(distortion) 00 00 OO O
00000000000 000 000 00000
OO0 OO0 0000 0000 (baroreceptor) 00O OO
00 00 000 00.00,0000 000000 o0
00 OO0 00 000 00 000 00000 000 oo
0 00.00,00000 OO0 000 0000 oooo
PaCO,0 OO0 00 0000 00O OO0 0000 O
0 000 0000 000 00.00 000 0 PaCo,0
00 0O 0000 PCO,0 OO0 O0O0OO0O OODOO OO
000 000, 00000 0000 000 00 oooo
0000 0000 000 000 00 00 0000 oo
00 0000 00 0000 0000 0000 00ooo
O 00O (control system inertia) OO0 0000 O0O.0O
0000 000 000 000000, 00 000 000
000 OO0 U0 0000 00 000(adductor) O OO
0000 000 000 D000 000 000,00 00
00 000 00 O0DO0O0O 00 00 Od((reciprocal in—
hibition)D 0000 OO0 OO0 0000 0O0OO0O OOO0O
oooo oo.
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