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Figure 7.20 This recording page will appear. Start Calibration (Chapter 8).
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Drowsy: 8 to 12 cps — alpha waves

N1: 3 to 7 cps - theta waves Theta waves
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FIGURE 4.2-17. Features of sleep-stage electroencephalogram frequencies. cps, cycles per second.
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EEG (=HEHA))

Figure 1. Images
illustrating the placement
of electrodes utilized in
the recommended (A) and
acceptable (B) derivations
for electroencephalography
(EEG) during
polysomnography.

The electrode placement
and nomenclature follow
the International 10-20
System. lllustration may
not be to scale.

Inion

© 2020 American Academy of Sleep Medicine. All rights reserved.

Note 1.

Note 2.

Note 3.

At a minimum, frontal, central, and occipital derivations (3 EEG channels) are required to stage sleep.

M1 and M2 refer to the left and right mastoid processes. M1 is the standard reference electrode for recording
EEG. If M1 fails during the recording, backup electrodes should be used and referenced to M2.

Fz-Cz is not appropriate for measuring the amplitude of frontal activity for determination of slow wave
activity. When using the acceptable EEG derivations and the acceptable EOG derivations (Figure 2), the
E1-Fpz derivation should be used to measure frontal slow wave amplitude. Used in this way. Fpz will be the
active electrode recording frontal activity and E1 the reference electrode in a referential derivation. When
using the acceptable EEG derivations and the recommended EOG derivations, EEG amplitude to determine
slow wave activity should be measured using the C4-M1 derivation (C3-M2 if either C4 or M1 electrodes
malfunction). When using the recommended EEG derivations and recommended EOG derivations, the
EEG amplitude is measured using the derivation F4-M1.




EOG (Elcectroocculogarm, ¢t 2F)

A. RECOMMENDED

© 2020 American Academy of Sleep Medicine. All rights reserved.

Figure 2.

A. Recommended
and B. acceptable
derivations for
electrooculogram
(EOG). lllustration
may not be to scale.




Figure 4.16A Eye movement produce changes in
not only EOG electrodes but also frontal electrodes:
A: Eye is a dipole, hence its movement produces
a deflection in the EOG derivations; Right eye is
showing positive deflection as positively charged
cornea is moving towards it while left eye shows
negative deflection as positively charged arena is

moving away from it.

ROC/A1
\4

LOC/A2 —/\—

Figure 4.16B Eye is a dipole, hence its movement produces a deflection in the EOG derivations; Right eye
is showing positive deflection as positively charged cornea is moving towards it while left eye shows negative

deflection as positively charged arena is moving away from it.
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Figure 4.17

Rapid eye movements: Fast saccadic movements are seen during REM sleep.



Chin EMG (8] 28 k)

1 T \\
! —
‘ [ \i\\\
' “~ inferior

Chin2 @)—— —— @) Chint Figure 3. Placement of electrodes on
the chin for electromyogram (EMG)
recording. lllustration may not be to
scale.

© 2020 American Academy of Sleep Medicine. All rights reserved.

Note 1. If EMG electrode ChinZ (above the mandible) fails during the recording, it should be replaced, if possible.
Otherwise, reference electrodes Chin2 and Chinl (below the mandible) to each other.






Leg EMG (Ci2| 2 k)

© 2020 American Academy of Sleep Medicine. All rights reserved.

Figure 1. Placement
of electrodes on the
anterior tibialis muscle
for monitoring leg
movements. lllustration
may not be to scale.




ECG (T )

© 2020 American Academy of Sleep Medicine. All rights reserved.

Figure 1.

Diagram of Lead

Il placement

on torso during
cardiac recording.
lllustration may not
be to scale.
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Figure 4.22A  Snoring embedded in respiratory waveform: Snoring signals from the airflow waveform can be removed by appropriate filter setting. A: Setting high
frequency filter to 50 Hz derivations to appearance of snoring. In this illustration, respiratory waveform is flat as LFF has been mistakenly set as 1 Hz.
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A: Thermisters.

B: Nasal cannula.
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H’d =M FSZ (Obstructive Sleep Apnea: OSA)
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FIGURE 13.2-24. Obstructive sleep apnea (OSA) in an obese teen. This figure illustrates a 5-minute epoch of a 13-year-old who weighed 225 pounds and
had tonsillar hypertrophy. At presentation, the patient complained of snoring and daytime hypersomnolence. His apnea-hypopnea index (AHI) was 42 respiratory
events per hour with lowest measured oxygen saturation of 62%. Forgoing adenotonsillectomy for treatment, the patient underwent nasal continuous positive
airway pressure titration with resolution of his OSA. AHI scores are higher in obese compared with normal-weight children with OSA. Obese children are also
less responsive to adenotonsillectomy as treatment compared with normal-weight children.
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FIGURE 13.2-7. Central apnea. A 30-second epoch (top) and a 5-minute epoch (bottom). These are repetitive episodes of central apnea in a 44-year-old
patient using opiates for pain in an injured ankle. Notice the small number of breaths in each cycle. Cardiogenic oscillations are evident in the CO, trace and are

best seen in the third apneic episode from the right.
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FIGURE 13.2-14. Mixed apnea usually begins with central apnea and ends with obstructive apnea. In this example, vigorous leg movements occurred
at the end of the apneic episodes. Continuous positive airway pressure abolished the apneas, but the leg movements persisted.
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FIGURE 4.2-12. Stage W (wakefulness). This fragment is a 30-second epoch. The two top channels represent the channels that monitor eye movements.
The next six channels are used to record the electroencephalogram (EEG). The first three of these (F,-M,, C,-M,;, O,-M,) are recommended for scoring sleep. The
others are backups in case electrodes malfunction. The bottom channel is the chin electromyogram. The key finding that indicates this is wakefulness is the
presence of alpha rhythm over the occipital region (monitored by the O leads) occupying more than 30 seconds of the epoch.
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Figure 1.4 30 seconds epoch showing N1 sleep: This epoch shows mix EEG activity (alpha and theta) along with vertex waves (in circle).
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FIGURE 4.2-13. Stage N1. A mixed frequency, low-amplitude pattern has replaced the alpha rhythm for >50% of the epoch.
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Figure 1.5 30 seconds epoch showing N2 sleep: In this epoch K complex can be seen in the square box and sleep-spindle in circle. Background EEG activity is

in theta range.
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FIGURE 4.2-14. Stage N2. A train of sleep spindles (asterisk) toward the beginning of the epoch is followed shortly by a K-complex (dagger).
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Figure 1.6 30 seconds epoch showing N3 sleep: This epoch show delta activity. Delta waves are also known as slow waves with frequency of 0.5-2 Hz and amplitude of
more than 75 mV.
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FIGURE 4.2-15. Stage N3. More than 20% of the epoch consists of slow-wave activity.
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Figure 1.7 30 seconds epoch showing REM sleep: REM sleep is characterized by low voltage mixed frequency activity, rapid eye movements and atonia.
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FIGURE 4.2-16. Stage R. Rapid eye movements (*) and a mixed-frequency, low-amplitude electroencephalogram are shown; muscle tone (chin electromyo-
gram) is absent (). Note that some of the activity of the eyes has spilled over into the two frontal (F) leads (#).



