BOX 35.5

DISORDERS OF BREATHING ARE WIDESPREAD AND SERIOUS

Breathing at rest is normally controlled to maintain arterial PCO2 at 40±2mm Hg. However, cardiopulmonary pathology can increase PCO2 markedly. Narcotics, barbiturates, and most general anesthetics depress breathing and at high doses, as can happen when self-administered, these drugs can cause death by respiratory failure. For opioids, respiratory depression appears to be due to depressant actions directly on preBötzinger complex neurons. 

Sleep apnea. Sleep is associated with a modest decrease in ventilation and a reduced responsiveness to deviations in PCO2 and PO2. With the onset of sleep, the breathing pattern can become unstable, and apnea (defined as at least 10 s without breathing) can occur. In the most common form, obstructive sleep apnea, there is a loss of tone in airway muscles and tongue, so that the reduction in airway pressure during inspiration can pull in on the walls of the upper airway sufficiently to cause vibration—that is, snoring, even airway obstruction. Obstruction reduces or abolishes ventilation, raising CO2 and lowering O2. This in turn can cause arousal, and with it restoration of airway muscle tone and airway patency. In serious cases, the cycle of sleep, airway obstruction, and hypoxia-induced waking repeats hundreds of times every night. The marked disruption of sleep can cause debilitating hypersomnolesence, and severe obstructive sleep apnea can also have other sequelae, such as hypertension. In central sleep apnea, pauses in breathing result from the failure of respiratory drive. Mechanisms underlying central apneas are not understood, but the problem is prevalent during sleep at the end stages of a variety of neurodegenerative diseases, including amyotrophic lateral sclerosis, Parkinson’s disease, and multiple systems atrophy (where there is evidence of loss of preBötC neurons). 

Sudden infant death syndrome (SIDS). SIDS is defined as the unexpected sudden death of an infant or young child that cannot be explained by a postmortem examination. SIDS is the leading cause of death of infants between 1 month and 1 year of age in the United States. Although a number of etiologies are likely to contribute to SIDS, current hypotheses tend to focus on abnormalities of cardiorespiratory control. The apnea hypothesis of SIDS attributes apnea to disorders of both the chemical control of breathing and the arousal response to insufficient ventilation. Infants who later succumb to SIDS have been described as exhibiting irregular breathing patterns, including periods of apnea, and depressed arousal responses to hypoxia or hypercapnia. Epidemiologically, SIDS has been associated with infants sleeping face down, where pillows, blankets, and mattress can limit the diffusion of expired air, resulting in elevated CO2 and lower O2 in inspired air and, consequently, in arterial blood. This in turn could depress breathing sufficiently to cause respiratory arrest and death. 

Genetic Diseases Affecting Breathing 

Congenital Central Hypoventilation Syndrome (CCHS; Weese-Mayer et al., 2009). CCHS is a potentially life-threatening genetic disorder typically presenting in newborns and characterized by respiratory insufficiency especially during sleep. This breathing phenotype is the consequence of an impaired ventilatory response to hypercapnia (increased blood PCO2) and hypoxemia (decreased blood PO2). Additionally, the disease is often associated with functional impairments of the autonomic nervous system and tumors of neural crest derivatives. The defining mutation in CCHS is a polyalanine expansion in Phox2b. The extent of the polyalanine repeat mutation correlates with the severity of the disease, with the most severe cases requiring continuous artificial ventilation. The offspring of mice genetically modified to contain the polyalanine expansion have irregular breathing at birth, do not increase their breathing in response to CO2 stimulation of chemoreceptors, and die shortly after birth. Postmortem examination of these mice provided a likely explanation for the depression of breathing. Chemoreceptor neurons in the RTN (Fig. 35.2) normally express Phox2b but in mouse pups with the Phox2b polyalanine expansion these neurons were absent. Thus, the Phox2b mutation appears to result in a loss of RTN neurons that reduces the normal respiratory drive arising from chemoreceptors. 
Rett Syndrome (RTT; Lioy, Wu, & Bissonnette, 2011). RTT is a developmental disorder of the central nervous system resulting from mutations in the X-linked gene methyl-CpG-binding protein 2 (Mecp2) and is usually seen in girls. It results in severe neurological symptoms that include speech and movement disorders as well as irregular breathing (e.g., Cheyne-Stokes breathing; Fig 35.4 and Box 35.2) that can include life-threatening periods of apnea. The onset of symptoms typically begins at about 6–18 months of age at which time there is a slowing down of motor skills and then a regression in communication skills.
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