Lecture 12
Control of Breathing During Sleep

Professor Mary Morrell (m.morrell@imperial.ac.uk)
Learning Objectives

1. Describe the effect of sleep on breathing and blood gases and in healthy people

2. Specifically how does sleep effect oxygen and carbon dioxide levels. What are the mechanisms that lead to these changes?
3. Describe the apnoeic threshold which, in some people leads to central sleep apnoea.

4. Describe the influences of sleep on the upper airway which, in some people leads to obstructive sleep apnoea.

5. Know at least two upper airway muscles that reduce their activity during sleep.

6. Know the other major cardio-respiratory diseases (one cardiac, one respiratory) that are exacerbated by sleep-related changes in the control of breathing; briefly explain why sleep is detrimental to these patients.

Suggested References

Lippincott’s Pathophysiology Series: Pulmonary Pathophysiology, M. A. Grippi. 1995. Lippincott-Raven. Chapter 17 has all you will need to for learning objectives 1, 2, 3, 4 and 6. 
The Respiratory System. A Davies and C Moores. 2003. Churchill Livingstone. This is an excellent UK based respiratory text book. It does not directly cover sleep, but has lots of good stuff on the control of breathing.

The Respiratory System at a Glance. JPT Ward, J Ward, C Wiener, R Leach. 2002. Blackwell. Chapter 37. This is a quick overview of sleep apnea and will give you some of the basic details required for learning objectives 3 and 4.
Review Papers

Pathophysiology of obstructive sleep apnoea/hypopnoea syndrome. R B Fogel, A Malhotra and D P White. Thorax 2004;59;159-163

Pathogenesis of Obstructive and Central Sleep Apnea. David P. White. Am J Respir Crit Care Med 2005;172;1363–1370 (N.B. This one contains more detail than you will need in the 1st year)
Breathing has several functions
1)

2)

3)

Sleep influences the control of breathing
Breathing is controlled by:
· Reflex / automatic mechanisms in the brainstem

· Voluntary / behavioural factors acting on the motor cortex

· Emotional factors acting on the Limbic system
How does sleep influence each of these respiratory control mechanisms / factors?
Hare is a more detailed diagram of the factors that control breathing

How is each of these mechanisms influenced by sleep?


[image: image1]
Changes in Breathing during sleep  Ref: Stradling, 1985 Thorax 40:364-70
You do not need to know these numbers, but it is useful to know in which direction the changes occur and the magnitude of the changes

Measurement


Awake
SWS

REM Sleep
Minute ventilation (l/min)

6.28
    
 5.67

5.44 
Alveolar ventilation (l/min)

4.02
  
 3.38 

3.21 
Frequency (breaths/min)

15.1
 
 15.2 

14.9 

Tidal volume (VT)


420
 
 373 

367 
Oxygen saturation (%)

97.3

  96.5 

96.2 

Control of blood gases during sleep

Sleep-related changes in oxygen saturation (SaO2) in a healthy human
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Mark on this curve the SaO2 recorded in a patient with COPD during NREM and REM sleep
Control of CO2 during sleep

What is the average sleep-related increase in Carbon Dioxide?

What is the significance of this increase?
Sleep-related change in CO2 ventilatory sensitivity Ref: Douglas, 1983 ARRD. 83: 145-43
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Sleep also results in an increase in upper airway resistance
How does this increase in upper airway resistance influence breathing during sleep in a healthy young person?
Cessation of breathing during sleep

What does the word apnoea mean?


[image: image2]
Central Sleep Apnoea

The hypercapnic apneic threshold is the amount of PaCO2 that is critical for breathing during sleep. Said another way, PaCO2 must rise above the hypercapnic apneic threshold if regular breathing is to continue during sleep.
Name one group of patients in whom central sleep apnoea often occurs
Why do these patients have central apnoeas during sleep?

Obstructive sleep apnoea

Below is a diagram of the upper airway

[image: image5.emf]
Reference: R B Fogel, A Malhotra and D P White. Thorax 2004;59;159-163

Name some of the factors that could cause this upper airway to collapse during sleep

Which respiratory muscles are important in obstructive sleep apnoea?
1)

2)

3)
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