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=Mt A A (Polysomnography)

EEG

EOG

Chin EMG

Leg EMG

Airflow: thermal sensor and nasal cannula pressure transducer
Respiratory effort: RIP

Pulse oximetry

Snoring sounds/vibration
Electrocardiogram

Body position: piezoelectric belt
Carbon dioxide

Expanded EEG montages
Video-PSG

Esophageal pressure manometry
Intraesophageal pH probe

Arm EMG

Nocturnal penile tumescence
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T=H 2 A AL (Polysomnography)

e e e
N AL AR LT AR N A T P A
T e A A A

o FEGEMG—

)

peemreee[RAT]
pres-[SNOR
%I meiwmmwwwwmwmm T movement
CH?ST] \,
wvwwwWWf@%%’f‘i‘ﬁ}% A A A
i AN TAR RS YA A A AP AP AN AAAAAA A

Bserrai
[EK
96 Sa0296 96 95 95 92 9 |- 96 S04 96 92 <96 92 9% 9% 9% 96 92 9% 95 g } a I I ke& , 95 95 - 95 9% 96

66 HR - 67 69 68 66 66 67 - 68 66 65 67 67 66 66 67 66 65 68 66 67 66 651 68 67 68 68 64 66 67

5
g
5%
4

o | D 4 ;
 FBody"F 3 3 O ——>5 ¥ 3 3 3 ¥ 3 3 3 3 3 3 3
osition - Supine Stage - 2 sEoe Stage - 2 Stage - 1 Stage - 2 Stage - Wake Stage - 1 I
age 2184 A A} N N A N N 755

20174 CHEHAIZTI5HS

=1

m
)
[
Ok
10
ofm
9|I_
El



Introduction to polysomnography
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( thermister, nasal pressure transducer)
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Basic of Sleep staging
Characteristic EEG, EOG, and EMG patterns

Placement of electrodes to for wakefulness, REM sleep, and NREM sleep.
determine EEG, EOG, and EMG Each 3-sec recording
Electroencephalogram Awake REM NREM

(EEG) = brain waves
i
(l L h ) L b 5 .l
T A A s s=c AW A 4 { ,‘f‘ \ /f‘»“’
' )
= - S . ' ,
AR e sos Al "\\f v WA

Electromyogram
(EMG) = muscle tension

EMG  inapadndind N

A typical hypnogram from
a young, healthy adult.
Light-gray areas represent
non—rapid eye movement
(NREM) sleep. Stages
scored from every 30-sec
of recordings of whole
night polysomnography.

Hours of sleep

= The recommended EEG derivations
" F4-M1 B. ACCEPTABLE
Nasion
= C4-M1
= 02-M1
Backup electrodes F3,C3,01, M2
F3-M2,C3-M2,01-M2
= Acceptable EEG derivations
= Fz-Cz
= Cz-Oz

= C4-M1

Backup electrodes Fpz, C3,01,M2
Fpz-C3, C3-01, C3-M2
ch Fz-Cz= MM o £ 5 ZASI7| 28t Frontal activity 2| amplitudeS 5857 |= £& §t
1)  Acceptable EEG+ Acceptable EOG &4 & : E1-Fpz
2) Acceptable EEG+ Recommended EOG: C4-M1 or C3-M2

3) Recommended EEG+ Recommended EOG: F4-M1
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Introduction to polysomnography

= The recommended EOG derivations
= E1-M2, E2-M1
= E2= % 2| 2t2Z}(outer canthus)2| A2t 1cm,

2 1cm

=)

E12 =& 2

o
N
o

= Acceptable EOG derivations
ACCEPTABLE

= E1-Fpz, E2-Fpz

= R2E 9

Ay

2|otZto| 2% 1cm, StEr 1em

E12 =& 2| etzZte| == 1cm, St 1em

RECOMMENDED  RIGHT

RIGHT

outer canthus

LEFT

LEFT

2016. 01.30

- HEMEE MM E N MT
(electorode)?t H 2
= 5t2to| olelff B A Z|(inferior edge) Y22 HE
1cm 2{ofl 3t}
= 5t2ete] ofeff EAM2|2EE 2cm OfEl , 2EZ2 2
2cm 9| X[ol] 3t
= 5ieto| ole BAME|2EE| 2cm OlEH , RIBESE

2cm 9| %[0l 3t}

= Standard chin EMG: 522 Atgte| M=}

k

=

of

I M=oz M, LIHX| sH-fe sleta

Z =2 backup electrode.

Chin EMG

Recommended

chin2 @

+ @ chint

2016. 01.30
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= ™ XM Z(surface electrode)2 M| 2 2+&k
( longiditudinally), i & Mo 2
(symmerically) O| = =58 £=F

= ™ & =2 Anterior tibialis ol F=}5t
n Fd8F 72k HAel=2-3cm ZHHE F

Z L}, anterior tibialis muscleZl O|2] 1/3

ol dr == 4o| S ¥ As M it

Leg EMG

2016. 01.30

Oronasal thermister + Nasal pressure transducer

2016. 01.30

20173 CHeR It

513

4

M

(i

110
o=

E
S

guls



Introduction to polysomnography
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Introduction to polysomnography
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Sleep Stages by PSG

v The sleep stage assigned to each epoch (30 seconds) is the stage

occupying the majority of time within that epoch.

N | is scored when alpha activity occupies less than 50% of an epoch: low-
voltage, mixed frequency pattern with theta wave activity.

N 2 is defined by presence of either sleep spindles or K complexes: sleep
v spindles — oscillations of 12-14 Hz with a duration of 0.5-1.5 seconds

v K complex — high amplitude, biphasic wave of at least 0.5-second
duration.

N 3 is scored when more than 20% of an epoch has slow wave activity:
slow (delta) wave — EEG activity slower than 2 Hz (longer than 0.5-second
duration) that has an amplitude (peak to peak) of =75 pV.

Stage R is defined only by rapid eye movement, although saw-tooth waves
and low-voltage mixed frequency pattern may be present on EEG.

v * Incipient spindles (shorter than 0.5-second duration) on EEG are
evidence for stage |
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Arousal (not wake)

v Abrupt shift in EEG frequency, which may include theta, alpha, and/or

frequencies > |6 Hz, but not spindles, of 3-second or longer duration:

v Preceding artifacts, K-complex, or delta waves is not included in reaching

the 3-second duration criteria

v Many disorders that are associated with EDS are associated with frequent,
brief arousals
v Arousal index (number of arousals per hour of sleep): EDS generally is

associated with an arousal index of > 25/hour

Arousal (not wake)

SRPURRP N Y Y [ TIFEY P

O>-Aj i\ g T i e

A
ROC-A MMWMMMMM&WWMW
LOC - A , MWW\»WWWW«M

5 seconds
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Introduction to polysomnography

Sleep Cycles

< Stage W (Wakefulness)
< Stage NI (NREM 1): < 10%
< Stage N2 (NREM 2):45~65%
< Stage N3 (NREM 3 & 4, Slow-wave sleep): 5~40%
< Stage R (REM): 20~25%
* 4 to 7 cycles per night: N1 = N2 = N3 -N2 - R

* N3 predominates in the first 1/3,and R increases during the last few hours

Sleep Staging Rules — Stage W

1. Score in accordance with the following definitions:

= Alpha rhythm (posterior dominant rhythm): Trains of sinusoidal 8-13 Hz
activity recorded over the occipital region with eye closure, attenuating with
eye opening.

= Eye blinks: Conjugate vertical eye movements at a frequency of 0.5-2 Hz
present in wakefulness with the eyes open or closed.

= Reading eye movements: Trains of conjugate eye movements consisting
of a slow phase followed by a rapid phase in the opposite direction as the
individual reads.

= Rapid eye movements (REM): Conjugate, irregular, sharply peaked eye
movements with an initial deflection usually lasting <500 msec. While rapid
eye movements are characteristic of stage R sleep, they may also be seen
in wakefulness with eyes open when individuals scan the environment.

= Slow eye movements (SEM): Conjugate, reasonably regular, sinusoidal
eye movements with an initial deflection usually lasting >500 msec.

2017 CHEHIA DS 7
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Sleep Staging Rules — Stage W

2. Score epochs as stage W when more than 50% of the epoch
contains EITHER 2a or 2b or BOTH: (see Figure 4)
= a. Alpha rhythm (posterior dominant rhythm) over the occipital region
(individuals generating alpha rhythm with eye closure)
= b. Other findings consistent with stage W (all individuals)
= i. Eye blinks (0.5 to 2 Hz)
= ji. Rapid eye movements associated with normal or high chin muscle tone
= jii. Reading eye movements

F4-M1

C4-M1

02-M1

E1-M2

E2-M2

Chin EMG

Figure 4. An epoch of stage W with both alpha rhythm (posterior dominant rhythm) and REMs. Note the EMG activity in the chin
channel.

© 2014 American Academy of Sleep Medicine. All rights reserved.
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Introduction to polysomnography

Sleep Staging Rules — Stage W

= Note 1. Stage W represents the waking state, ranging from full alertness through
early stages of drowsiness. Electrophysiological and psychophysiological markers
of drowsiness may be present during stage W and may persist into stage N1.

= Note 2. In stage W, the majority of individuals with eyes closed will demonstrate
alpha rhythm (posterior dominant rhythm). The EEG pattern with eyes open
consists of low-amplitude activity (chiefly beta and alpha frequencies) without the
rhythmicity of alpha rhythm. About 10% of individuals do not generate an alpha
rhythm upon eye closure, and a further 10% may generate a limited alpha rhythm.
In these individuals, the occipital EEG activity is similar during eye opening and
eye closure.

= Note 3. The EOG during wakefulness may demonstrate rapid eye blinks at a
frequency of about 0.5-2 Hz. The earliest sign of drowsiness is the absence of
eye blinks. As drowsiness develops, slow eye movements may develop, even in
the presence of continued posterior dominant rhythm. If the eyes are open,
voluntary rapid eye movements or reading eye movements may be seen.

= Note 4. The chin EMG during stage W is of variable amplitude but is usually
higher than during sleep stages.

= Note 5. Time with the patient disconnected from the recording equipment should
be scored as stage W. Brief episodes of sleep during this time, if they occur, are
not considered significant for the stage scoring summary.

Sleep Staging Rules — Stage N1

1. Score in accordance with the following definitions:
= Slow eye movements (SEM): Conjugate, reasonably regular, sinusoidal eye movements
with an initial deflection usually lasting >500 msec.
= Low-amplitude, mixed-frequency EEG activity: Low-amplitude, predominantly 4-7 Hz
activity.
= Vertex sharp waves (V waves): Sharply contoured waves with duration <0.5 seconds
maximal over the central region and distinguishable from the background activity.

= Sleep onset: The start of the first epoch scored as any stage other than stage W. (In
most subjects this will usually be the first epoch of stage N1.)

2. In individuals who generate alpha rhythm, score stage N1 if the alpha
rhythm is attenuated and replaced by low-amplitude, mixed-frequency activity
for more than 50% of the epoch.N1.N2.N3

3. In individuals who do not generate alpha rhythm, score stage N1
commencing with the earliest of ANY of the following phenomena:N1,N2,N3,N4,NS

= a. EEG activity in range of 4-7 Hz with slowing of background frequencies by =1 Hz from
those of stage W

= b. Vertex sharp waves
= c. Slow eye movements

20174 CferIZIIStS] £ B0 S8 53



w-amplitude, mlxed-frequency electroencephalog-
ments (SEMs) are prominent here but are
e closure, the presence of slow eye

of 5 hertz (Hz) (theta is 4-8 Hz).

54

Sleep Staging Rules — Stage N1

4. An epoch is scored as stage N1 if the majority of the epoch meets the
criteria for stage N1 (EEG showing LAMF EEG activity) in the absence of
evidence for another sleep stage. Subsequent epochs with an EEG
showing LAMF EEG activity are scored as stage N1 until there is evidence
for another sleep stage (usually stage W, stage N2 or stage R).

ola Kcompuxlnmonwhulofepocnu

© 2014 American At right
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Introduction to polysomnography

Sleep Staging Rules — Stage N1

5. When an arousal interrupts stage N2 sleep, score subsequent
segments of the recording as stage N1 if the EEG exhibits low-
amplitude, mixed-frequency activity without one or more K
complexes and/or sleep spindles until there is evidence for
another stage of sleep (see G. Scoring Stage N2).

6. When an arousal interrupts stage R sleep and is followed by a
low-amplitude, mixed-frequency EEG without posterior dominant
rhythm AND with slow eye movements, score the segments of the
record containing the eye movements as stage N1 even if the chin
EMG activity remains low (at the stage R level). Continue to score
stage N1 until there is evidence for another stage of sleep, usually
stage N2 (see G.2) or stage R (see |.2 and 1.3).

Sleep Staging Rules — Stage N1

Note 1. Vertex sharp waves may be present but are not required for
scoring stage N1.

Note 2. The EOG will often show slow eye movements in stage N1, but
these are not required for scoring.

Note 3. During stage N1, the chin EMG amplitude is variable, but often
lower than in stage W.

Note 4. As slow eye movements often commence before attenuation of
alpha rhythm, sleep latency may be slightly shorter for some individuals
who do not generate alpha rhythm compared to those who do.

Note 5. Theta frequency (4-7 Hz) waveforms that are of pathological origin
(such as those resulting from neurological impairment, encephalopathy or
epilepsy) should not be considered toward the determination of Stage N1
sleep. In a person with a slow background EEG in the awake state, further
non-pathological slowing of the background activity of >1 Hz from that seen
in the wake state would be considered evidence of Stage N1 sleep.

20174 CferIZIIStS] £ B0 S8 55



Sleep Staging Rules — Stage N2

1. Score in accordance with the following definitions:

= K complex: A well-delineated, negative, sharp wave immediately followed by a
positive component standing out from the background EEG, with total duration=0.5
seconds, usually maximal in amplitude when recorded using frontal derivations.
For an arousal to be associated with a K complex, the arousal must either be
concurrent with the K complex or commence no more than 1 second after
termination of the K complex.

= Sleep spindle: A train of distinct waves with frequency 11-16 Hz (most commonly
12-14 Hz) with a duration =0.5 seconds, usually maximal in amplitude in the central
derivations.

2. Begin scoring stage N2 (in absence of criteria for N3) if EITHER
or BOTH of the following occur during the first half of that epoch
or the last half of the previous epoch:N1.N2,N3,N4

a. One or more K complexes unassociated with arousals

b. One or more sleep spindles

56
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Introduction to polysomnography

Sleep Staging Rules — Stage N2

3. Score a given epoch as stage N2 if the majority of the epoch
meets criteria for stage N2. If the waveforms in rule G.2.a or G.2.b
are followed by an arousal in the same or subsequent epoch (see
Figure 6), the segment of the recording preceding the arousal is
considered stage N2 (see rule G.6.b).N1.Ns

A Epoch B Epoch C Epoch
50 51 52 53 60 61 62 63 70 71 72 73
K compien

N2 N2 N1 N2 N2 N2 N1 N2 N2 N1 N1 N2
Stage Stage Stage

Figure € art and continuation of stage N2. The EEG is assumed to show LAMF unless otherwise depicted
A. m Epoch 50 is scored as stage N2 as there is a K complex (unassociated with an arousal) in the
(rule -Epoch 51 is stage N2 as this stage continues for the majority of the epoch (rule G.3). [Following an arousal, epoch 52 5
scored ag{stage N1 _jule G.6.b) until there is evidence for another stage of sleep. A[Kcompiex is noted in the iast hall of epoch S52jand
epoch 53 is scored as stage N2 (rule. G.2)
B. At the end of epoch 61, there is %A ssociated with an arousal. Epoch 62 is scored as stage N1 (rule G.6.b). A K complex
associated with an arousal is not consi evigence for s . Epoch 63 is scored as stage N2 by rule G.2.
A K complex cccurs in the last half of epoch 70 but stage N2 is considered to be present only up to the arcusal in epoch 71. Epoch
is scored as stage N1 as the majority of the epoch follows the arousal [Epoch 72 Js scored as stage N1 as the K complex does not
occur until the second half of the epoch.

© 2014 A y of Sleep All rights reserved.
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Sleep Staging Rules — Stage N2

4. Continue to score epochs with low-amplitude, mixed-frequency
EEG activity without K complexes or sleep spindles as stage N2 if
they are preceded by epochs containing EITHER of the
following(N2) and there is no intervening arousal:

a. K complexes unassociated with arousals

b. Sleep spindles

5. Epochs following an epoch of stage N3 that do not meet criteria
for stage N3 are scored as stage N2 if there is no intervening
arousal and the epoch does not meet criteria for stage W or stage

R. (see Figure 7)

58

Epoch 200 Epoch 201
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Stage N3 Stage N2
Figure Tlans:t-on from stage N3 to slage N2 ]Epoch 201 does not have sufficient siow wave activity to meet criteria for stage N3.
There is ored as stage N2.
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Introduction to polysomnography

6.

Sleep Staging Rules — Stage N2

End scoring stage N2 sleep when ONE of the following events

occurs:N6.N7

a. Transition to stage W

b. An arousal followed by low-amplitude, mixed-frequency EEG (change to
stage N1 until a K complex unassociated with an arousal or a sleep spindle
occurs) (see Figure 6). This assumes that the epoch does not meet criteria
for stage R (rule 1.3) (see Figure 10C).

c. Amajor body movement

= followed by slow eye movements and low-amplitude, mixed-frequency EEG
without non-arousal associated K complexes or sleep spindles (score the epoch
following the major body movement as stage N1;

= score the epoch as stage N2 if there are no slow eye movements;
(the epoch containing the body movement is scored using the major body
movement rules under section J))

d. Transition to stage N3
e. Transition to stage R

A. B.
F4a-M1 | . F4-M1!
l+ “/
ca-M1 Ca-M1
02-M1 02-M1;
) '
E1-M2 ! E1-M2 _{,—
|
E2-M2 1 E2-M2
A
Chin EMG , Chin EMG -
N2 N2 N2 N2 N2 N1 N1 N2
Stage Stage

Flgum 8| End of sta N2 due to a major gy movement. The EEG is assumed to

NOT followed by slow eye movements Epoch 51 is scored according to the major
body movement rules (section J). As epoch 51 does not contain alpha activity and an
epoch of stage W does not precede or follow the epoch, the major body movement

is scored the same as the h that follows it (stage N2; rule J.4).
B| Epoch 62 Is scored agstage Nl! (stage N2 ends following the major body

rmg_ummp m: followed by slow eye movements low-
amplitude, mixed-frequency EEG ma_lfs_)_t_m_l'le IS scored as stage N2 as a K

complex unassociated with an arousal occurs in the first half of the epoch.
© 2014 A Academy of Sleep Med All rights reserved.
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Sleep Staging Rules — Stage N2

Note 1. An epoch of stage N2 meeting criteria in rule G.2 is termed definite stage
N2. If there is a conflict between a stage N2 and stage R scoring rule, the stage R
rule takes precedence (see |.4).

Note 2. Continue to score stage N1 for epochs with arousal-associated K
complexes unless they contain sleep spindles or K complexes not associated with
arousals.

Note 3. For the purposes of scoring N2 sleep, arousals are defined according to the
arousal rule in section V.A.1.

Note 4. Although frequency changes associated with arousals and sleep spindles

are more typically noted in the central and occipital derivations respectively, these

gvents should be used to score sleep even if they are only noted in the frontal
erivations.

Note 5. For scoring epochs with a mixture of K complexes and/or sleep spindles
and REMs, see rule 1.7.

Note 6. The EOG usually shows no eye movement activity during stage N2 sleep,
but slow eye movements may persist in some individuals.

Note 7. In stage N2, the chin EMG is of variable amplitude, but is usually lower than
in stage W, and may be as low as in stage R sleep.

Sleep Staging Rules — Stage N3

1. Score in accordance with the following definition:N2.N3

= Slow wave activity: Waves of frequency 0.5 Hz-2 Hz and peak-to-peak
amplitude >75 pyV, measured over the frontal regions referenced to the
contralateral ear or mastoid (F4-M1, F3-M2).

2. Score stage N3 when =220% of an epoch consists of slow wave
activity, irrespective of age.N4:N5.N6
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Introduction to polysomnography

Sleep Staging Rules — Stage N3

Note 1. Stage N3 represents slow wave sleep and replaces the
Rechtschatten and Kales nomenclature of stage 3 and stage 4 sleep.

Note 2. K complexes would be considered slow waves if they meet the
definition of slow wave activity.

Note 3. Pathological wave forms that meet the slow wave activity
criteria, such as those generated by metabolic encephalopathies,
epileptic, or epileptiform activity, are not counted as slow wave activity
of sleep. Similarly, waveforms produced by artifact or those of non-
cerebral origin should not be included in the scoring of slow waves.

Note 4. Sleep spindles may persist in stage N3 sleep.
Note 5. Eye movements are not typically seen during stage N3 sleep.

Note 6. In stage N3, the chin EMG is of variable amplitude, often lower
than in stage N2 sleep and sometimes as low as in stage R sleep.
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Sleep Staging Rules — Stage R

1.

Score in accordance with the following definitions:

= Rapid eye movements (REM): Conjugate, irregular, sharply peaked eye
movements with an initial deflection usually lasting <500 msec.

= Low chin EMG tone: Baseline EMG activity in the chin derivation no
higher than in any other sleep stage and usually at the lowest level of the
entire recording.

= Sawtooth waves: Trains of sharply contoured or triangular, often serrated,
2-6 Hz waves maximal in amplitude over the central head regions and
often, but not always, preceding a burst of rapid eye movements.

= Transient muscle activity: Short irregular bursts of EMG activity usually
with duration <0.25 seconds superimposed on low EMG tone. The activity
may be seen in the chin or anterior tibial EMG derivations, as well as in
EEG or EOG deviations, the latter indicating activity of cranial nerve
innervated muscles (facial muscles and scalp). The activity is maximal in
association with rapid eye movements.

62
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Introduction to polysomnography

Sleep Staging Rules — Stage R

2. Score stage R sleep in epochs with ALL of the following
phenomena (definite stage R):N1,N2,N3,N4,N5,N6

a. Low-amplitude, mixed-frequency (LAMF) EEG activity without K
complexes or sleep spindles

b. Low chin EMG tone for the majority of the epoch and concurrent with
REMs

c. REMs at any position within the epoch

3. Score segments of sleep preceding and contiguous with an
epoch of definite stage R (as defined in 1.2), in the absence of
rapid eye movements, as stage R if ALL of the following are
present: (see Figures 9, 10 and 11)

a. The EEG shows low-amplitude, mixed-frequency activity without K
complexes or sleep spindlesN?

b. The chin EMG tone is low (at the stage R level)
c. There is no intervening arousal (see Figure 10C)
d. Slow eye movements following an arousal or stage W are absentNé

Sleep Staging Rules — Stage R

A. Epoch B. Epoch C. Epoch
50 51 52 53 60 61 62 63 70 71 7273
' s | oLaer | ! Voawr oo | ' ' fooamr | oLamr
Fa-M1 A 1 L ] Fa-M1 ¢ A 4 A ) Fa-M1 ' - -
) ] 1 ) ! ) ) ' h i '
' ' ' ! ' ' ' ' ' ' ' '
Ca-Mm1 C4-M1 + - - C4-M1 &
| - ; o | o . ; . ; ;
02-M1 M e’ T \ 02-M1 e 02-M1 r-——, T
|} I ] | ] 1 ] ) ] ] !
LAt ~u N i i ‘ ) i ' A h
E1-M2 | - - - . E1-M2 ; - . . . E1-M2
| SEM |, SEM | REM ' | SEM | sEm | REM | SEMs | REM
E2-M2 ! E2-M2 '_A’—_VT——V_' E2-M2 r-/\/\/——r—v—
, 1 ' ' ' i ' ' ' ' ' N ' ' '
' ] 1 | ! 1 | | L ) ' | ! |
Chin EMG - - ) Chin EMG * - T T ' Chin EMG
w oW R R W N1 R R w R R R
Stage Stage Stage

Figure 9. Start of stage R.
Al Epoch 52 )s an epoch of Epoch 53 is scored as stage R by rule 1.5 (REM continuation rule).
B Epoch 61 s scored as[Siage N1 §s alpha is replaced by low-amplitude, mixed-frequency (LAMF) EEG activity. SEM is present]in
the second half of the epoch While not required for scoring stage N1, the presence of the SEM prevents the epoch from being scored
as stage R (rule 1.3.d)[Epoch 62 |s scored af stage R Py rule 1.3.

poch 71)s scored a stage R s the majority of the epoch meets the criteria of rule 1.3,

© 2014 of Sieep Al rights
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Sleep Staging Rules — Stage R

4. If the majority of an epoch contains a segment of the recording
meeting criteria for stage R (1.2, 1.3, 1.5), the epoch is scored as
stage R. Stage R rules take precedence over stage N2 rules. (see
Figure 10, epoch 62 and Figure 11, epoch 72)

5. Continue to score segments of sleep that follow one or more
epochs of definite stage R (as defined in 1.2), in the absence of
rapid eye movements, as stage R if ALL of the following are
present: (see Figures 12-16)

a. The EEG shows LAMF EEG activity without K complexes or sleep

spindles

b. The chin EMG tone is low (at the stage R level) for the majority of the

epoch

c. There is no intervening arousal

Sleep Staging Rules — Stage R

6. End scoring stage R sleep when ONE OR MORE of the following
occur:
= a. There is a transition to stage W or N3

= b. An increase in chin EMG tone above the level of stage R is seen for the
majority of the epoch and criteria for stage N1 are met (see Figure 12, epoch
62)

= c. An_arousal occurs followed by low-amplitude, mixed-frequency EEG
and slow eye movements (Score the epoch as stage N1; if there are no slow
eye movements and chin EMG tone remains low, continue to score as stage
R) (see Figure 13)

= d. A major body movement followed by slow eye movements and low-
amplitude, mixed-frequency EEG without non-arousal associated K complexes
or sleep spindles (Score the epoch following the major body movement as
stage N1; if no slow eye movements are present and the EMG tone remains
low, continue to score as stage R; the epoch containing the body movement is
scored using the criteria under heading J) (see Figure 14)

= e. One or more non-arousal associated K complexes or sleep spindles are
present in the first half of the epoch in the absence of rapid eye movements,
even if chin EMG tone remains low (Score the epoch as stage N2) (see Figure
15)
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Introduction to polysomnography

Sleep Staging Rules — Stage R

7. Score segments of the record with low chin EMG activity and a

mixture of REMs and sleep spindles and/or K complexes as
fo"ows:N1,N2,N3,N4,N5,N6

= a. Segments between two K complexes, two sleep spindles, or a K
complex and sleep spindle without intervening REMs are considered to be
stage N2.

= b. Segments of the record containing REMs without K complexes or sleep
spindles and chin tone at the REM level are considered to be stage R.

= c. If the majority of an epoch contains a segment considered to be stage
N2, it is scored as stage N2. If the majority of an epoch contains a
segment considered to be stage R, it is scored as stage R. (see Figure 16)

Sleep Staging Rules — Stage R

Note 1. Epochs defined by rule 1.2 are called epochs of definite stage R.

Note 2. Low-amplitude, mixed-frequency activity in stage R resembles that
seen in stage N1. In some individuals, a greater amount of alpha activity
can be seen in stage R than in stage N1. The alpha frequency in stage R
often is 1-2 Hz slower than during wakefulness.

Note 3. Sawtooth waves or transient muscle activity are strongly
supportive of the presence of stage R sleep and may be helpful when the
stage is in doubt, however, they are not required for scoring stage R.

Note 4. For scoring epochs with low chin EMG tone and a mixture of REMs
and K complexes or sleep spindles see |.7.

Note 5. Slow eye movements can occur during stage R but slow eye
movements following an arousal in combination with an EEG showing
LAMF acltivity suggests a transition to stage N1 even if the chin tone
remains low.

Note 6. Segments of the record with low chin EMG activity and a mixture of
REM and sleep spindles and/or K complexes usually occur during the first
REM period of the night.
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Arousal Rule

1. Score arousal during sleep stages N1, N2, N3, or R if there is an
abrupt shift of EEG frequency including alpha, theta and/or frequencies
greater than 16 Hz (but not spindles) that lasts at least 3 seconds, with
at least 10 seconds of stable sleep preceding the change.

Scoring of arousal during REM requires a concurrent increase in
submental EMG lasting at least 1 second.N1.N2.N3,N4

66

Arousal Rule

Note 1. Arousal scoring should incorporate information from both the
occipital and central derivations.

Note 2. Arousal scoring can be improved by the use of additional
information in the recording such as respiratory events and/or
additional EEG channels. Scoring of arousals, however, cannot be
based on this additional information alone and such information does
not modify any of the arousal scoring rules.

Note 3. Arousals meeting all scoring criteria but occurring during an
awake epoch in the recorded time between "lights out" and "lights on"
should be scored and used for computation of the arousal index.

Note 4. The 10 seconds of stable sleep required prior to scoring an
arousal may begin in the preceding epoch, including a preceding epoch
that is scored as stage W.
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Introduction to polysomnography

determined.

Sleep Staging Rules — Epochs with
Major Body Movements

1. Score in accordance with the following definition:

Major body movement: Movement and muscle artifact obscuring the EEG for
more than half an epoch to the extent that the sleep stage cannot be

2. If alpha rhythm is present for part of the epoch (even <15 seconds
duration), score as stage W.

3. If no alpha rhythm is discernible, but an epoch scoreable as stage W

either precedes or follows the epoch with a major body movement, score
as stage W.

4. Otherwise, score the epoch as the same stage as the epoch that

follows it.

MEN (Age in Years) 20- 30- 40- 50- 60- 70-
29 39 49 59 69 79
Total recording time (TRT) 430- 414- 390- 378- 414- 444-
454 455 468 468 489 543
TST (Total sleep time) (minutes 405- 400- 390- 380- 370- 360-
[min]) 445 440 430 425 420 415
Sleep efficiency (%) 94- 90- 87- 84- 80-90 76-88
98 96 94 92
Sleep latency (min) 3-26 2-20 2-20 1-22 2-25 5-30
Rapid eye movement (REM) 75- 70- 70- 65- 65-95  60-90
latency (min) 115 110 105 100
Wakefulness after sleep onset 0-5 5-25 10- 15- 20-65 25-80
(WASO) (min) 50 58
Stage N1(%TST) 3-6 5-9 5-11 6-12 6-14 6-15
Stage N2 (%TST) 40- 45- 45- 50- 55-75 55-75
55 60 65 75
Stage N3 (%TST) 10- 7-18 2-15 0-13 0-8 0-5
25
Stage R (%TST) 22- 20- 19- 18- 17-22  16-21
28 26 25 23
WOMEN 20-29 30-39 40-49 50-59 60-69 70-79
Total recording time 430- 425- 419- 420- 420- 451-
(TRT) 454 462 464 514 511 563
Total sleep time (TST) 410- 400- 390- 380- 375= 370-
(min) 460 450 440 430 425 420
Sleep efficiency (%) 94-98 90-95 87-94 84-92 80-90 76-88
Sleep Latency (min) 3-23 0-20 2-25 3-25 3-25 5-30
REM latency (min) 75-115 70-110 70-105 65-100 65-95 60-90
WASO (min) 0-5 5-25 10-40 15-55 20-65 25-80
Stage N1 (%TST) 2-7 3-8 4-9 5-10 SR 5-15
Stage N2 (%TST) 40-55 43-58 45-60 50-65 50-65 50-65
Stage N3 (%TST) 15-25 10-21 8-19 S5-17 5-15 5-15
Stage R (%TST) 23-29 21-27 20-26 19-24 18-23 17-22
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Sleep Indices

v Time in bed (TIB): monitoring period — lights out to lights on
v Total sleep time (TST):Total minutes of sleep

v Woake after sleep onset (WASO): Minutes of wake after initial sleep onset

and before the final awakening

v Sleep period time (SPT) TST + WASO

v Sleep efficiency (%) (TST x 100)/TIB
v Sleep latency (min) Time from lights out to the first epoch of sleep

v REM latency (min) Time from sleep onset to the first epoch of REM sleep

VII. Movement Rules

2007

1. Scoring periodic limb movements in sleep (PLMS)
[Recommended]

A. The following rules define a significant leg movement (LM) event :

1) The minimum duration of a LM event is 0.5 seconds.

2) The maximum duration of a LM event is 10 seconds.

3) The minimum amplitude of a LM event is an 8 uV-increase in EMG
voltage above resting EMG.

4) The timing of the onset of a LM event is defined as the point at which
there is an 8 uV-increase in EMG voltage above resting EMG

5) The timing of the ending of a LM event is defined as the start of
a period lasting at least 0.5 seconds during which the EMG does not
exceed 2 uV above resting EMG.
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Introduction to polysomnography

VII. Movement Rules

B. The following rules define a PLM series :

1) The minimum number of consecutive LM events needed to define
a PLM series is 4 LMs.

2) The minimum period length between LMs (defined as the time between
onsets of consecutive LMs) to include them as part of a PLM series is
5 seconds.

3) The maximum period length between LMs (defined as the time between
onsets of consevutive LMs) to include them as part of a PLM series is
90 seconds.

4) Leg movements on 2 different legs separated by less than 5 seconds
between movement onsets are counted as a single leg movement.

VII. Movement Rules

2007

Notes :

1. An LM should not be scored if it occurs during a period from 0.5 seconds
preceding an apnea or hypopnea to 0.5 seconds following an
apnea and hypopnea.

2. An arousal and a PLM should be considered associated with each other
when there is < 0.5 seconds between the end of one event and the onset of the
other event regardless of which is first.

3. Surface electrodes should be placed longitudinally and symmetrically around the
middle of the muscle so that they are 2 to 3 cm apart or 1/3 of the length of the
anterior tibialis muscle, whichever is shorter. Both legs should be monitored for
the presence of the leg movements. Separate channels for each leg are strongly
preferred. Combining electrodes from the 2 legs to give 1 recorded channel may
suffice for some clinical settings, though is should be recognized that this
strategy may reduce the number of detected LMs. Movements of the upper limbs
may be sampled if clinically indicated.
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= Apnea

= Central type, Obstructive type
= Hyponea

= Central type, Obstructive type

PSG finding — Obstructive apnea
syndrome

= RERA (Respiratory effort related arousal)

Score a respiratory event as an apnea when BOTH of the following criteria
are met:

1. Adrop exists in the peak signal excursion by = 90% of baseline using an
oronasal thermal sensor (diagnostic study), PAP device flow (titration
study) or an alternative apnea sensor (diagnostic study).

2. The duration of the = 90% drop in sensor signal is = 10 seconds.

1. Score an apnea as obstructive if it meets apnea criteria and is associated
with continued or increased inspiratory effort throughout the entire
period of absent air flow.

2. Score an apnea as central if it meets apnea criteria and is associated
with absent inspiratory effort throughout the entire period of absent air
flow.

3. Score an apnea as mixed if it meets apnea criteria and is associated with
absent inspiratory effort in the initial portion of the event, followed by
resumption of inspiratory effort in the second portion of the event.
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Introduction to polysomnography

AASM Recommended

Score a respiratory event as a hypopnea if ALL of the following criteria are
met:

1. The peak signal excursions drop by = 0% of pre-event baseline using
nasal pressure (diagnostic study), PAP device flow (titration study), or an
alternative hypopnea sensor (diagnostic study).

2. The duration of the = 30% drop in signal excursion is = 10 seconds.

3. There is a = 3% oxygen desaturation from pre-event baseline or the
events is associated with an arousal.

If electing to score obstructive hypopneas, score a hypopnea as obstructive
if ANY of the following criteria are met (see Figure F13-3(3) ):
1. Snoring during the event.

2. Increased inspiratory flattening of the nasal pressure or PAP device flow
signal compared with baseline breathing.

3. Associated thoracoabdominal paradox occurs during the event but not
during pre-event breathing.

Snore H—’_’W
Nasal
Pressure
Nasal
Oral A—v’\/\/\/\/\/\/\/\r\/\/\/\/\/\/\/-m
Therm
Chest JWV\J\l\A/\I\NV\/\/\/\/\/IW
IP

96%

spO, — T ———

30 seconds 88%

Abdomen

example of obstructive hypopnea.
Snoring

Flattening of the nasal pressure
thoracoabdominal paradox
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If electing to score central hypopneas, score a hypopnea as central if NONE
of the following criteria is met:

1. Snoring during the event.

2. Increased inspiratory flattening of the nasal pressure or PAP device flow
signal compared with baseline breathing.

3. Associated thoracoabdominal paradox occurs during the event but not
during pre-event breathing.

Adapted from Berry RB, Brooks R, Gamaldo CE, et al., for the American Academy of Sleep
Medicine: The AASM manual for the scoring of sleep and associated events: rules,
terminology and technical specifications, Version 2.1, www.aasmnet.org, Darien, Illinois,
2014, American Academy of Sleep Medicine.

Snore
Pressure
RIPthorax SN AAAAAA AN/ N
RIPabdomen J\,/U\J\/\-f\—/m/\/\fv\/\

Central Hypopnea

Air Flow
(PTN)

Esophageal A M MV VYWYV
Pressure t 4 ¢

Obstructive Hypopnea
Air Flow

(PTN)

Esophageal
L L]

Mixed Hypopnea

Air Flow
(PTN)

Esophageal
Pressure \\[\AWW
t 4t
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Introduction to polysomnography

OSAS: PSG finding
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