MODULE I - SLEEP APNEA

I. Sleep Apnea
A. Sleep Apnea is defined as apnea during sleep for periods of 10 seconds or longer.  
1. The patient often has 30 episodes of apnea over 4-6 hour period with apneic periods lasting 20 – 90 seconds.

2. Severe apnea may have as many as 40 periods of apnea per hour.
B. Three types of sleep apnea: Obstructive, Central, Mixed
1. Obstructive Sleep Apnea (OSA)

a. There is a strong and intense respiratory effort

b. Sleep posturing has some benefit (pt sleeping on his/her side)

c. Benefit most from CPAP or BiPAP

d. Treatment should also include weight loss (if overweight)

e. Surgical interventions include:

i. Uvulopalatopharynoplasty (UPPP  or LAUP) 

ii. Mandibular advancement

iii. Nasal operation

iv. Tonsillectomy

v. Tracheostomy

f. Signs/symptoms include:
i. Daytime sleepiness (hypersomnolence)
ii. Morning headaches 

iii. Nausea
iv. Personality changes & memory loss
v. Loud snoring
vi. Muscle twitching
vii. Bed wetting
viii. Impotence
ix. Bradycardia occurs during the apnea and tachycardia immediately after. 

x. PVCs are the most common arrhythmia occurring in 20% of the population
g. The profile of an individual with OSA would include the following: 

i. Upper body obesity

ii. Neck size #17 or larger in men

iii. Neck size #16 or larger in women

iv. Hypertension

v. C/O daytime sleepiness

h. Pickwickian Syndrome: Obesity accompanied by somnolence, lethargy, chronic hypoventilation, hypoxia, and secondary polycythemia (a condition marked by an abnormal increase in the number of circulating red blood cells).  Usually has severe obstructive sleep apnea as a finding. 
i. Causes
i. Obesity
ii. Increased pharyngeal tissue
iii. Enlarged tonsils or adenoids
iv. Deviated nasal septum
v. Laryngeal stenosis or laryngeal web

2. Central Apnea 
a. Occurs in less than 10% of the cases

b. Apnea that occurs because of failure of the central respiratory centers (in the medulla) to send signals to the respiratory muscles.

c. Characterized by an absence of inspiratory muscle effort and nasal flow.

d. Caused from CNS disorders (encephalitis, spinal surgery, brainstem disorders).

e. Symptoms:

i. Insomnia
ii. Mild snoring
iii. Depression
iv. Fatigue during the day
f. Treatment:  Respiratory Stimulants
3. Mixed Apnea

a. A combination of obstructive and central apnea.
b. When obstructive sleep apnea syndrome is severe and longstanding, episodes of central apnea sometimes develop. 

c. The exact mechanism of the loss of central respiratory drive during sleep in OSA is unknown, but is most commonly related to acid-base and CO2 feedback malfunctions stemming from heart failure. 

d. Usually associated with other co-morbidities

II. Diagnostic Sleep Studies
A. Polysomnography is the recording of the events graphically while the patient is sleeping.

B. Polysomnogram is the continuous recordings on graph paper during the sleep study.

1. Eye movement (electrooculogram)
2. Brain wave activity (EEG)
3. ECG
4. Respiratory activity

a. Nasal airflow as assessed by thermistor
b. Can also be detected by CO2 analyzer, tracheal sound recorder, or pneumotach

5. Chest and abdominal wall movement (to detect respiratory effort)

6. SpO2 saturation 

C. Components of a sleep study, beside polysomnography, include: 

1. Sleep History (time into/out of bed, etc.)

2. Bed partner questionnaire.

3. Sleep questionnaire.

4. Medical History

5. Medications

6. Family History


7. Physical Exam

8. Sleepiness Scales

a. Epworth Sleepiness Scale: The Epworth Sleepiness Scale is used to determine the level of daytime sleepiness. A score of 10 or more is considered sleepy. A score of 18 or more is very sleepy.  The patient answers 8 questions and rates on a scale from 0 to 3 if they “would never doze” to “high chance of dozing” for the following activities:

i. Sitting and reading
ii. Watching TV
iii. Sitting inactive in a public place
iv. Being a passenger in a motor vehicle for an hour or more
v. Lying down in the afternoon
vi. Sitting and talking to someone
vii. Sitting quietly after lunch (no alcohol)
viii. Stopped for a few minutes in traffic 
while driving
b. Stanford Sleepiness Scale: An introspective, 7-point rating scale consisting of seven numbered statements describing subjective levels of sleepiness/alertness.  The statements include the following: 
i. Feeling active, vital, alert, or wide awake (1)
ii. Functioning at high levels, but not at peak; able to concentrate (2)
iii. Awake, but relaxed; responsive but not fully alert (3)
iv. Somewhat foggy, let down (4)
v. Foggy; losing interest in remaining awake; slowed down (5)
vi. Sleepy, woozy, fighting sleep; prefer to lie down (6)
vii. No longer fighting sleep, sleep onset soon; having dream-like thoughts (7)
viii. Asleep (8)
D. Differentiating Central from Obstructive Sleep Apnea
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E. Sleep Stages

1. There are six stages of sleep, each of which have specific behavioral aspects, physiological effects and specific parts of the brain where activity occurs during the stage.

a. Wakefulness

b. Stage I

c. Stage II

d. Stage III

e. Stage IV

f. Rapid Eye Movement (REM) sleep

g. Stages I through IV are considered to be non-REM sleep stages

2. The stages are defined by specific measurements during polysomnography including measurement of EEG, EOG, and EMG.

3. Wakefulness

a. High degree of waveform variation, especially with the eyes open or closed. 

b. Characterized by an EEG pattern of 8 to 12 Hz called Alpha waves. 

c. With the onset of sleep there is a waxing and waning of the alpha waves (called attenuation) and the development of slower waveforms called theta waves (4-8 Hz). 

4. Stage I Sleep

a. A NREM stage of sleep 

b. Characterized by a loss of alpha waves and the presence of waves of a mixed frequency.

c. It appears at sleep onset (as it is mostly a transition state into Stage 2) and is associated with the sudden twitches many people experience when falling asleep. During this period, the subject loses some muscle tone and conscious awareness of the external environment.
d. Stage 1 can be thought of as a gateway state between wake and sleep. 
e. Also known as somnolence or drowsy sleep.

5. Stage II Sleep

a. NREM stage

b. A deeper sleep than Stage I.

c. Characterized by the presence of K complexes & spindles, which are high amplitude, biphasic waveforms.

d. There is reduced muscle activity as indicated by an EMG.

e. There is also less eye movement as indicated by an EOG.

f. All consciousness of the environment disappears.

g. This stage occupies about 45-55% of sleep.

6. Stage III & IV Sleep

a. NREM stages

b. Characterized by a gradual slowing of frequency of waveforms (delta waves).

c. Stage III occupies about 3-8% of sleep.

d. Stage III is defined as having the presence of delta waves for 20 to 50% of an epoch (a standard 30 second period of sleep assessment via polysomnography).

e. Stage IV occupies about 10-15% of sleep.

f. Stage IV is defined as having the presence of delta waves for greater than 50% of an epoch.

7. REM Sleep

a. Rapid Eye movement.

b. The stage of sleep in which brain activity is extensive, brain metabolism is increased, and vivid hallucinatory imagery, or dreaming occurs (in humans).  

c. Also called "paradoxical sleep" because, in the face of this intense excitation of the CNS and presence of spontaneous rapid eye movements, resting muscle activity is suppressed.  

d. Only the diaphragm still contracts.

e. The EEG is a low-voltage, fast-frequency, non alpha record.  

f. REM is usually 20-25% of total sleep time. 

g. Similar to Stage I in that there are low voltage, mixed frequency EEG waves, however there is pronounced activity on the EOG.
8. Physiological Patterns of Normal Sleep

a. There is a pattern of alternating REM & NREM of about 90 minutes.

b. At first there are longer durations of Stage IV; this reduces progressively as sleep continues.  In the final stages, less time spent is there.

c. During wakefulness and the initial onset of sleep there is a slowing of respiratory rate and a decrease in tidal volume. This period is also associated with a reduction in sympathetic activity and a blunted hypoxic & hypercarbic response. 

d. During non-REM sleep there is a continued reduction in sympathetic activity with periodic surges and transient arousals (an abrupt change from sleep to wakefulness, or from a "deeper" stage of non-REM sleep to a "lighter" stage).  The respiratory rate during these stages is typically regular, but slow.

e. During REM sleep parasympathetic tone increases and all voluntary muscles lose their tone (become atonic).  Breathing rate becomes irregular.  

9. Neurotransmitters and Sleep

a. Multiple neurotransmitters are released during the course of sleep that are responsible for the physiologic alterations and the staging of sleep.

b. Acetylcholine is a cholinergic agent that stimulates parasympathetic pathways and is associated with triggering REM sleep.

c. Certain catecholamines like Dopamine and Norepinephrine are responsible for the maintenance of wakefulness.  The use of some tranquilizers will block the effect of these catecholamines and allow for the onset of sleep.

d. Serotonin is a neurotransmitter in the brain that modulates mood, appetite, sexual activity, aggression, and body temperature.  It is also associated with the induction of sleep.

e. Melatonin is a hormone secreted by the brain’s pineal gland that is associated with sleep onset and which acts to prolong the early REM periods. 
F. Sleep Event Scoring

1. Arousal: Defined as an abrupt change from sleep to wakefulness, or from a "deeper" stage of non-REM sleep to a "lighter" stage.  It is different than awakenings and requires an EEG criteria.  It is often associated with a sleep-related event (respiratory/leg movement).

2. Hypopnea: Shallow breathing in which the air flow in and out of the airway is less than half of normal--usually associated with oxygen desaturation.
3. Apnea: Literally means "no breath";  the cessation of airflow at the nostrils and mouth for at least 10 seconds.
4. Respiratory Disturbance Index (RDI): The number of respiratory events per hour of sleep.  Includes both apneas and hypopneas.

a. To calculate, sum the number of apneas and the number of hypopneas that occurred during sleep.  Determine the number of hours of sleep.  Divide the number of events by the number of hours of sleep to determine the number of events per hour.

b. Less than 5 events/hour is considered normal.

c. 5 to 15 events/hour is considered to be associated with mild OSA.

d. 16 – 30 events/hour is considered moderate OSA

e. Greater than 30 events/hour is considered severe OSA.

5. Leg Movements: The movement of the legs are measured during sleep and are associated with the various stages of sleep.   These are different than sleep starts, which are leg jerks that occur at onset of sleep.

6. Restless Leg Syndrome (RLS): A sleep disorder characterized by a deep creeping, or crawling sensation in the legs that tends to occur when an individual is not moving. This results in an almost irresistible urge to move the legs.  The sensations are relieved by movement.  This is typically an awake phenomenon. 

7. Periodic Limb Movement Disorder (PLMD): Also known as periodic leg movements and nocturnal myoclonus. Characterized by periodic episodes of repetitive and highly stereotyped limb movements occuring during sleep. The movements are often associated with a partial arousal or awakening; however, the patient is usually unaware of the limb movements or frequent sleep disruption.  Between the episodes, the legs are still. There can be marked night-to-night variability in the number of movements or in the existence of movements.  This disorder is more pathologic.

