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Polysomnography (PSG)

The AASM Manual
for the Scoring of Sleep
and Associated Events

RULES, TERMINOLOGY AND TECHNICAL SPECIFICATIONS
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Parameters to be Reported for PSG

* General parameter * Recommend
: * Routine scoring of in-laboratory
* Sleep scoring data PSG or HSAT
e Arousal event  Acceptable
e Cardiac event * Alternative for recommend
* Optimal

* Movement event
* Respiratory event
* Summary statement
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1. B&%(F4-M1, C4-M1, 02-M1, F3-M2, C3-M2, 01-M2)
2. BRE)E(ROC;E2-M1, LOC;E1-M2)

3. T %M. E B (ChinZ-Chinl, ChinZ-Chin2)
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1. B E % %2R ( thermist)

2.  BER 5% RR (nasal pressure)
3. MR FREREEFE M (Thor ,abdo)
4. SBFFsnore

5. i F R A Fe L SPO2
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Technical and Digital Specifications

Recommen

EEG N3,N4

EOG™N

EMGN¢

ECGN

Airflow

Oximetry, Transcutaneous PCO2N8

Nasal Pressure, End-Tidal PCO,, PAP Device Flow N’
Esophageal Pressure

Body Position™?

Snoring Sounds ™!

Rib Cage and Abdominal Movements 12

Desirable

500 Hz

500 Hz

500 Hz

500 Hz

100 Hz

25 Hz

100 Hz
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1 Hz

500 Hz

100 Hz

Minimal

200 Hz

200 Hz

200 Hz

200 Hz

25 Hz

10 Hz

25 Hz

25 Hz

1 Hz

200 Hz

25Hz
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Technical and Digital Specifications
Recommend

EEGN4N13
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Hook on, calibration and trouble shooting

illustration video

20215128825 T PSG Reception Hook up and calibration #2 % R » {REEARERP LR BHE
BEN2ERERE > A ERE FERERTR » TEEPSGRIR{ERIE !
http://sleep.mc.ntu.edu.tw/media/165
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Hook on
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Calibration
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Trouble shooting and solution
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PSG Report

ol e 3 R I T
Sleep Summary . e 0@ an w w er o e
Total Time Analyzed: 424.5 minutes - Ao
Sleep Period: 417.5 minutes . VN AN OO ORI OO OO OO IO |
Wake Time During Sleep Period: 126.5 minutes. Hypnogram
Total Sleep Time: 294.5 minutes. ™ O e e
Sleep stage Sleep Onset: 3.5 minutes. : : : : : : :
Sleep Efficiency: 69.4% - Posion. ; ; ; ; ; ; : ..
Number of Awakenings: 124 . ¢ O | body position
Movement Time : 0.0 minute- m
Sleep Latency to N1: 0.0 minutes. R N SN O LT OIS NS S RN L e R
Sleep Latency to N2: 1.5 minutes . PR
Sleep Latency to N3: - minutes . '
REM Latency from Sleep Onset: 61.5 minutes - R
Apnea + Hypopnea (A+H): 226 46.0/ h. i
Obstructive Apnea: 105 214/ h. %,
Respiratory Central Apnea: 5 1.0/ h-
Mixed Apnea: 112 22.8 / h.
Hypopnea: 4 0.8/h. .
SpOZ Oxygen Desaturation Events (OD): 298 60.7 / h. -
Snore counts: 809 164.8 / h. Rk : : : : : :
. Limb Movements: 186 =TV g — Mol e G e o -
limb movement PLM Sequences: 0. e - § : 'i E—




& .
= Nﬁjﬁﬂﬁﬁﬁcplu

Sleep stage: EEG spectrum

Brain Waves: EEG Tracings
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Sleep stage feature BB 7,
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Stage Wake

Fi% % (EEG): low voltage, mixed frequency, alpha activity when
eye close, prominent in occipital region

(((

o BR#(EOG): eye movement
o HIL'%‘E(EMG)' elevated chin EMG
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Stage N1

Fi& 7% (EEG): relative low voltage, mixed frequency, theta wave (4-7 Hz)

promi

nent, loss of alpha wave, absence of K wave or spindle. Vertex sharp

wave (central region) prominent in the late N1
BR 24 (EOG): slow eye movement (SEM)
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Stage N2

o B&%(EEG): K complex (frontal), spindle (central region), with mixed-
frequency background

AR

wL >
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o Kcomplex: R H ARG k69 RTE B 4%k 82

o Sleep spindle: B 45 45
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Stage N3

o B&W(EEG): 3 1812 % =20% (F4$1F3 P ¢ 37, 38 £0.5-2HZ ~ & 1&>75 puv )
o BREI(EOG): ¥ & €& FIRIKEH
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NTon BEERR D Stage REM

o B4 % (EEG): relative low-voltage, mixed frequency background, alpha burst,
saw-tooth wave (central region)

o BRI (EOG): intermittent rapid eye movement
o BLE(EMG): low voltage
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Compumedics and Embla sleep parameter

Wake

N2 A

Total time recording = Total time analysis = Time in bed = a+b+c+d+e
Sleep latency = a

Total sleep time = b+d

WASO = wake time during sleep = c+e

Total time awake during sleep period = ¢

Sleep period = b+c+d (compumedics), b+c+d+e (embla)

Sleep efficiency = Total sleep time / Time in bed = (b+d) / (a+b+c+d+e)
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Respiratory rule for Adult
“F % F| (V2.4)

The presence of continued inspiratory effort associated with >90% decrease in airflow for
duration of > 10 sec

If a portion meet criteria for a hypopnea meets criteria for apnea, the entire event should
be scored as an apnea

Obstructive apnea

Central apnea Absent inspiratory effort associated with >90% decrease in airflow for duration > 10 sec

Mixed apnea Central apnea followed by obstructive apnea

The presence of continued inspiratory effort associated with >30% decrease in airflow >10

Hypopnea . . .
ypop sec associated with reduced Sa0, in >3% or arousal.

Respiratory Effort-Related Arousal |A sequence of breaths lasting >10 sec, leading to arousal from sleep and not meet criteria
(RERA) for an apnea or hypopnea

1. PaCO2 > 55 mm Hg for > 10 minutes.

Hypoventilation 2. PaCO2 increase = 10 mm Hg during sleep to a value > 50 mm Hg for > 10 minutes

1. >3 consecutive cycles of cyclical cresendo and decreasndo change in breathing
Cheyne-Stokes Breathing amplitude with a cycle length of > 40 sec and
2. AHI =5 record = 2 hours monitor
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Obstructive apnea
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Central apnea
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Mixed apnea
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Hypopnea

Epoch
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Nasal
Pressure

e \/W v

©2017 American Acadeny of Sleep Medicine. All rights reserved.
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Figure 2. A respiratory
event that should
bescoredasa
hypopnea. The red
brackst indicates the
full duration of the
hypopnea event.
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Hypopnea
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Cheyne-Stokes Breathing
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Cheyne-Stokes Breathing
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Periodic Limb Movement (PLM)
3B HA M R 3 Fd B

BRI A AR UL R E

Y Rk dd B 69 F] [ 00 JE AB 38 5~90F)

7 A B3 Eh 8y F BE oo SR AR B 5 R

% Ak B R e RAT42.0.5F) 2 R Y g 3T
f0 B R A PN FI 3R



;)
NTUH Eﬁﬂﬁcplb‘

3 HA P R 2T 4 B

E2-M1
E1-M2
C3-M2
Ca-M1
01-M2
02-M1
F4-M1
F3-M2
“hin 1-Chin
“hin 2-Chin =~

/
IEOG1-ECGZ
3 min/p
| 1 v D,

AirFlow | /)
625 uV

[eal Bressu W\/\}\_)\J\J\\J\J\M
1.25 cmH20

Thor

Abdo
625 mv

Snore

| SIS NINRNINE i%égi%‘ikkul:ﬂi%%l‘%é?ﬁ
5302 w5 (%54 934 %4 Wi 950 97 | 9 U2 %2 Bﬁ;ﬁb éﬁ é/] ﬁzﬂ Fﬁ‘]' S fg i:\5~90$/|‘
= 7 A Bl 3t B Y B [ 04 JA AR 18550




Polysomnographic signal input: EDF to Metlab

A B € D E F G H I J K IE,
1 Grael Metlab
2 (FERIFESTE th FRE AL Nr Label Signal Quality Check
3 E2-M1 1 Fpl 1 27 Pressure 1
4 E1-M2 2 Fp2 1 28 Nasal Pressurel 1
5 C3-M2 3 F3 1 29 PositionSen 1 Rirht=0, Supine=1, Left=2,Prone=3,Uprigh
6 C4-Ml1 4 F4 1 30 Snore 1
7 0O1-M2 5 C3 1 31 Sp02 1
8 02-M1 6 C4 1 32 Pulse 1
9 F4-M1 7 M1 1 33 Ox Status 1 0=Good, 1=poor, 2=off
10 F3-M2 8 M2 1 34 Pleth 1
11 Fpl-M2 9 01 1 35 CPAP Press 0
12 Fp2-Ml1 10 02 1 36 CPAP Flow 0
13 |Chin1-Chin3 11 El 1 37 EtCO2 0
14 |Chin2-Chin3 12 ECG1 1 38 EtCO2-W 0
15 [ECGI-ECG2 13 ECG2 1 39 Leak 0
16 | Airflow 4 B 1 40 TidalVol 0
17 Nasal Pressurel 15 Chin 1 1 41 Derived HR 1
18 'Thor Thor-add 16  Chin2 1 42 ManLights 0 F-Ehilf A FHEE A position
19 Abdo Abdo-add 17 Chin 3 1 43 RespRate 1
20 Snore 18 Leg/L 1 44 Sum 1
21 Pulse 19 Leg/R 1
22 SpO2 20 position 0
23 |PositionSen Position 21 Arm 1
24 Leg/L 22 AirFlow 1
25 Leg/R 23 Thor-add 1
26 |Arm 24 Abdo-add 1 as Grael singal
27 25 Thor 1 no singal input
28 26 Abdo 1 derived signal
29 27 Pressure 1
30
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Event: sleep stage, breathing event, SpO,, ECG

Embletta Compumedics

Stage Lowest O,
SLEEP-S0 POSITION-LEFT % 05:26:20.926 Inspiration  1.12 4 e S .
SLEEP-S0 POSITION-LEFT L% 05:26:25.265 Flow Limitationl.54 iEB&L\H F'ﬁ ? Z‘I“H F‘ﬁ
SLEEP-50 POSITION-LEFT L% 05:26:28.275 Display Change 0.00 I;I ~FIE EVlent ~SPREESTIE A\{e rage desaturat|0n
SLEEP-S0 POSITION-LEFT L4 5:26:28.705 Flow Limitationl.36 - ~
SLEEP-S@ POSITION-LEFT 4 5:26:32.065 Inspiration  1.41 o \ PG i c201201c7’3 (m-01)-event»20161118.txt-Microsoftﬁ{xcel 7b [EIE—-
SLEEP-50 POSITION-LEFT % 05:26:35.694 Flow Limitation1.52 oA — —_— — =
SLEEP-S0 POSITION-LEFT % 05:26:39.634 Inspiration  1.58 =R | BA REEE 2 BRE  BR @ - o x
SLEEP-S@ POSITION-LEFT L4 05:26:43.614 Inspiration 1.67 oy P | = 3 - ¥l snc a D[R :
SLEEP-50 POSITION-LEFT L4 05:26:47.628 Inspiration  1.60 B R | & |[BRE |6 S : }E:\ 5
SLEEP-S0 POSITION-LEFT L4 5:26:48.000 W 30.00 | e PG PAS [&E- (s -9 | |BEL ek - | &~ ST
SLEEP-S0 POSITION-LEFT L% 05:26:51.608 Inspiration  1.55 BE g (= = EaaE x| . HERBHRE
L - [55 ~|| O+ A -~ - | %8 %8| 24 B 7 EREE - BEL-
SLEEP-S0 POSITION-LEFT % @5:26:55.523 Inspiration  1.70 - et B> R
SLEEP-S0 POSITION-LEFT L% 05:26:59.722 Inspiration 1.59 HEAE| =H o o 8E E E=di igE
SLEEP-S0 POSITION-LEFT L% 05:27:03.542 Inspiration  1.51 v =
SLEEP-S0 POSITION-LEFT L% 05:27:07.176 Inspiration  1.45 D170 \ A4 % ’ Hypopnea A R7
SLEEP-S0 POSITION-LEFT % 05:27:10.646 Inspiration  1.40 =
SLEEP-50 POSITION-LEFT % 05:27:14.061 Inspiration  1.43 A B € D E F G H I
SLEEP-S0 POSITION-LEFT L% 05:27:17.575 Inspiration  1.43 167 00:15:58 163 N2 Snore 00005 - -
SLEEP-S0 POSITION-LEFT L% 05:27:18.000 w' 30.00 168 00:16:02 163 N2 Snore 00:00.2 - o
SLEEP-S0 POSITION-LEFT L% 05:27:20.312 Display Change .00
SLEEP-S@ POSITION-LEFT L4 05:27:20.312 Display Change 0.00 169 00:16:03 163 N2 Arousal 3 ARO SPONT _ (00:04.2 - -
SLEEP-S0 POSITION-LEFT L4 5:27:20.312 Display Change 0.00 170 00:16:22 164 N1 |Hypopnea | 00:176 04 5
SLEEP-S0 POSITION-LEFT % 05:27:21.230 Inspiration  1.49
SLEEP-S@ POSITION-LEFT L% 05:27:25.080 Inspiration 1.49 171| 00:16:24 164 N1 SpO2 Desat 00:33 94 5
SLEEP-S0 POSITION-LEFT L% 05:27:29.044 Inspiration  1.48 172 00:16:39 165 N2 Snore 00:00.2 - -
SLEEP-S@ POSITION-LEFT L% 05:27:32.929 Inspiration 1.48 e 7
SLEEP-S@ POSITION-LEFT L4 5:27:36.519 Inspiration  1.47 173 00:16:48 165 N2 Snore . 00:00.2 - 5
SLEEP-50 POSITION-LEFT L% 05:27:40.048 Inspiration  1.51 174 00:16:56 165 N2 Obstructive Apnea 00:12.7 g7 9
SLEEP-S0 POSITION-LEFT L% 05:27:43.778 Inspiration  1.43 o : : ) )
SLEEP-S0 POSITION-LEFT % 05:27:47.253 Inspiration  1.53 175 00:16:57 165 N2 L%mb movement G“?ft) 00:00.7
SLEEP-S0 POSITION-LEFT L4 05:27:48.000 W 30.00 176 00:16:57 165 N2 Limb movement (Right)  00:00.7 - -
SLEEP-S@ POSITION-LEFT L% 05:27:51.007 Inspiration 1.58 177 00'16'58 165 N2 SDO2 Desat 00.35 87 9
SLEEP-S@ POSITION-LEFT L% 05:27:54.687 Inspiration 1.63 . ’
SLEEP-S@ POSITION-LEFT % ©5:27:58.461 Inspiration  1.58 178 00:17:08 166 N2 Snore 00:00.2 - -
SLEEP-50 POSITION-LEFT qu: 05:28:02.621 Inspiration  1.49 179 00:17:16 166 N2 Snore 00:00.5 - 2
SLEEP-50 POSITION-LEFT 05:28:06.901 Inspiration  1.50 o )
SLEEP-S0 POSITION-LEFT L4 05:28:10.458 Left  0.80 180 00:17:18 166 N2 snore 00:00.5 - =
SLEEP-S@ N/A E4 05:28:10.507 Lights On 0.00 181 | 00:17:22 166 N2 Snore 00:00.3 - =
SLEEP-50 N/A 4 05:28:18.000 W 30.00 conlooam o oo LT e = =
SLEEP-S@ N/A L% 05:28:48.000 W 30.00 M« » | C20120103 (m-01)-event-20161118 %3 0 | M [
his [EEEFTe) I o
L e = b
“Onron BEAR AL
T >

NTUH



Inter-scorer reliability using majority score as

< EEG (kappa)

ground truth: in OSA patients

kappa bad: 0.00-0.20, poor: 0.21-0.40; reasonable: 0.41-0.60, good: 0.61-0.80,
excellent: > 0.80

Score 1vs 2 Score 2 vs 3 Score 1vs 3 Score 1vs GT Score 2 vs GT Score 3 vs GT
Wake 0.95 (+-0.06) 0.97(+-0.08) 0.95(+-0.05) 0.96(+-0.03) 0.98(+-0.06) 0.98(+-0.05)
N1 0.83 (+-0.1) 0.94(+-0.1) 0.84(+-0.08) 0.86(+-0.09) 0.97(+-0.09) 0.98(+-0.04)
N2 0.82 (+-0.12) 0.94(+-0.12) 0.83(+-0.09) 0.85(+-0.10) 0.96(+-0.1) 0.97(+-0.04)
N3 0.93 (+-0.09) 0.97(+-0.09) 0.95(+-0.05) 0.95(+-0.05) 0.98(+-0.02) 0.99(+-0.02)
REM 0.95 (+-0.1) 0.97(+-0.1) 0.96(+-0.02) 0.97(+-0.03) 0.99(+-0.1) 0.99(+-0.02)
+ Airflow (kappa)
Score 1vs 2 Score 2 vs 3 Score 1vs 3 Score 1vs GT Score 2 vs GT Score 3 vs GT
Obstructive 0.68(10.12) 0.75(+0.17) 0.70(+0.16) 0.73(+0.11) 0.65(+0.16) 0.74(+0.12)
hypopnea 0.69(+0.11) 0.81(+0.10) 0.81(0.12) 0.80(+0.12) 0.70(+0.12) 0.79(+0.11)
Central 0.48(+0.21) 0.64(+0.26) 0.69(+0.24) 0.79(+0.20) 0.46(+0.22) 0.60(+0.21)
Mixed 0.49(+0.36) 0.68(+0.20) 0.67(+0.26) 0.69(+0.23) 0.44(+0.26) 0.71(+0.22)
No-event 0.80(+0.10) 0.85(+0.11) 0.83(+0.11) 0.81(+0.11) 0.80(+0.11)

Chiu HC and Liu PK In preparation
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