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" The AASM Sleep Scoring Manual
Four Years Later
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* | have served on several task
forces to develop Standards of
Practice parameters for the
AASM,;

HEAIZAASMDEBEBEHARSAY
EREZEEDLNDMIZSMLT=,

* | helped review the literature and
write the rules for scoring sleep in
adults and children; and
indications for PSG in children.

BARVNEDORATY) 4 |2
T BHIL—ILEY DRI XXk ES IR
L. BE(CINbHo =, £ NED
PSGa#E It ZBEd HacEZ 1=,

<truth>

Opinions expressed here are
mine, not those of the AASM
or AASM Task Forces | have
served on.
CHFEBEICETAERIIFEEEEA
DEDTHY . AASMPOAASM®D (H A
FSAUER) ZEEEDIETIEGL,
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Talk Objective CDFEED BIZ

* Review published studies
and critigues which evaluate
the impact and effects

of the AASM Sleep Scoring %
Manual in the four years
since its publication.

HAASMAOAF7YL G R=aT »
ILRRBAEHIZLT, FDO ‘b_,,_
R T fii] Oy s 9 A 6 .
HETFELE1—T 5,
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The AASM Sleep Scoring Manual

* A brave first effort to standardize
how polysomnograms (PSG)
performed in US should be
recorded, analyzed, and reported;

KEIZBTHZEEMNTPSGDECE . The AASM Manual

ﬁg*ﬁ~ *&%@ﬁ;ﬁ%i&)é:a tj_é:ﬂa'i for the SCOTING of SleEp

*)J D % ﬁ&fiéﬁa”% & AbsouatLd Eventg
= Rules I Mificanons

» Before it we were never certain a
sleep study across city, state,
country or sea comparable.

CHLLLRIIZHET, | E. B85 TPSG
MEEBRTEEIMNEINFTBATH-T-

Iber C et al. American Academy
of Sleep Medicine (AASM), 2007.



W&tors of AASM De

ew Sleep Scoring Manual Was Needed
2003FICAASMIFFTLWWROTY TR =T IILWNHET
HHEFIFTLT=,

Goals for the Scoring Manual:
ARA7YTR=_aTFILDBEIZE

e Clarify and simplify when possible visual sleep
stage scoring;
ERRT—S DA77 T ZHEN DERICT S

e Develop rules and recommendations for scoring
during sleep stages, arousals, movements,
respiratory and cardiac events during sleep.
EERAT—ODRERPTO—BAMREE. ZE, FERAANUE,
IDARVEDRAATY T DIL—)LEHMBHARSAEED

* Provide specifications for recording sleep studies
based upon digital PSG recording techniques and
technology;

i il e Bl TS ) Japanese calligraphy figure for “to strive”
HIZRE YR O (AR D) TR T S 5 grapiy:i -

e Incorporate effects of age and pathology on sleep.
FRORBICKOERICKN T HEEEZEET D
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Developing the Manual
T AT VERBICBEINLT—

e Simplicity; @&#M4

» Ease of implementation;
RITLPTWVWCE

* Likelihood of improving inter-scorer
reliability;
rEBEEMtERE TS L

* Avoiding radical changes unless
sufficient evidence to do so;
KEFEDIEF AN BVRY ZBBEEE o2
ZzRTAHC L

* Evidence-based, but when or
insufficient, use standardized methods
to develop consensus agreement.
HMEICLXDEEZBE LD, BATIEFTY
ACEIKELDICTEH, BLWESEEE
WICAWShTWDFEZHAWVS,




Most in-laboratory
comprehensive
attended (level I)
polysomnograms
(PSG) are done for
suspected obstructive
sleep apnea (OSA)

ERSRTITHhNHEHER.
HEREHEHPSG(LA)LL)
DIFEAEIFOSANEEDHN
Br—XZ{Thnb,

Is the bullet train a sleeping pill?
FERHR (KARARZE 2



How Would You Score These Events in an Adult?

LOC: 94
ROC: 2
F3-M2: -6
F4-M1: 9
C3-M2: 6.3
C4-M1: 9.3
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CHIN:  -2.7
PULS: 88

EKG: 244
LLEG: 04
RLEG: 0.8

SNORE: -0.8

PTAF: -106.4

FLOVY: 46.4

CHEST: 0

ABDO: -39

SAQ2: 92

CAPNO: 1.8

TcC0Z: 40.6
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AASM Manual Has Two Different Rules for

Scoring Hypopneas in Adults
FHAASMT =27 JLIZIEZRADEFR O RAT7 I T(22D0 L—ILINEET D

HELR RE&E
Drop in nasal pressure signal excursions > 30% of baseline > 50% of baseline
SEEEL—DESIRIEOET HEMN30%ULEDIET EEHNS50%LELEDET
Duration of this drop > 10 sec > 10 sec
1K T O 5 #5t B 10F LA E 10F L E
Minimum desaturation from pre-event > 4% > 3% or associated with a> 3
baseline 1%Ll E sec arousal
ARVIHIDEEEN S DEREBFIE D =R/ 3%ULEHBNEIM LU LEDEEEE
ETEE ESSE 0]
Percentage of event’s duration which > 90% > 90%
must meet amplitude reduction criteria 90% Ll E 90%LL Lt

for hypopnea
ANUMIH T DEMFRDIRIEE T EEx T -
JTHRRIDE|E

Alternative based on data and consensus;
Recommended because fulfills all research should be done using this.
CMS criteria for CPAP payment RBEEFHARIINZERANTITINSENS
CPAPE AL DIRES ) B i T—REBEICERDWTEHEETS

(BRGE: KRETORKR) ZidT= - DI #E2E

AASM Scoring Manual, 2007, page 46.



For Many Years, We Scored Hypopneas in
Adults Using the AASM Chicago Criteria

EEHAITHEADIEERIZDLNTIE, AASMUATISATFYTIZEDNTRAFTLTES-

Hypopnea Rule Definition (all must last > 10 seconds) 9 X T10# 2 E

AASM Chicago criteria (2001) W50% flow or discernible reduction in flow with > 3%
AASM> A0 ZA4TUT desaturation (Chicago hypopnea)
RRD50% A EDET, 2 W IE3%A EOBMELAFNERT
ZHSBEBSMRET

AASM Recommended (2007) V30% flow with > 4% desaturation (= 30%/4% hypopnea)

AASMET THESR ) BEXE 4% EDERERFMERT &2 H530% U LOKRIET
AASM Alternative(2007) V50% flow with >3% desaturation and/or a 3-second EEG
AASMFTR B E % arousal (= 50%/3%/Ar hypopnea)

BN ENBRRLEBHMNERTRT: 5 VIE3IW U LEOERE] %
£550% U EORFKRIET

* Without a doubt, the greatest ire and angst has been directed to the decision by
the AASM to permit two different ways for scoring hypopneas in adults.
BARDIELGHS. ADEBFRIC2DDEGLHAAT )T EEEZEFLIZAASMIC
XLRELGRBYERLHEIToNT-



How Did We Get Two Rules for

Scoring Hypopneas in Adults?
ESLTHRADIERMEFEDRAATIC2DDEENTETCLE-OM?




How We Acquired
Two Adult Hypopnea Rules
OV TR ADEBRERIZZDDIL—ILNTES:

Based upon convincing level 1 and 2 evidence, the Adult Respiratory Scoring Task
Force and the Manual Steering Committee thought:
BAEDBEVWLARINME20TIEFVRAIZETE, FADZRIVTA—ARAAT IV IEELRFUATOKSIC
EZT
* The 50%/3%/AR hypopnea rule should be recommended rule for scoring
hypopneas in adults;

RADBEREDRIT ) JIZIE50%/3%/AR ([3%ALOBMEMLBMEETRY ELIEMWULDOHE
BE]ZHES50% A EOKRIET ) L—ILFEIdshadNEL,

It had taken years to convince the Centers for Medicare and Medicaid (CMS)
to accept that hypopneas disrupted sleep as much as apneas;
XFATTEXTFATA4R (KELANWRR ) £ 2 —CM)ICEFRIEFRERBLU LS (CEEZHITS &
WS EERHEEIEHICRVEAEZEL TV,
e The CMS hypopnea rule is the 30%/4% hypopnea rule;
CMS DR D JL—)LIE30%/4% (4% A LOBRREHMER T ZH I3 LOKRRET ) L—LTHS,

Initial strategy: 50%/3%/AR rule be recommended; 30%/4% alternative:
H#050%/3%/ARL—)LZHRIZL T, 30%/4%—ILZREBEICTEDFETH >,

 AASM Board of Directors decided 30%/4% be recommended to provide a
smooth transition to the 50%/3%/AR rule.

AACRMUBVIERIF+9500 /A0 11 Il =2HEAT Il 7= Z MM\ 2+=CN0 /20 /ADA 7 /i — "I =2 1+ F = L 3h N+~



Hypopnea Rule Used
{EIERJL—ILICKYAHIEHIZKREZLRENELD

Hypopnea AHI HI
» Ruehland et al. (2009) re-scored 328 dgfri)n i}?i on -
adult PSGs using the AASM Manual

respiratory rules: Chicago 25.1 16.3

Ruehland 5 (£328 AD XA DPSGZAASM®D %

NENOREA AR NL—)LTAOT L 1=, Recommended 8.3 2.2
(30%/4%)

PSGs had originally been scored Alternative 14.9 79

using 2001 AASM rules which defined (509/3%/Ar)

hypopnea as >50% flow reduction or

a lesser airflow reduction with either a

3% desaturation or an arousal > Median: Atllspgine (070165 Al Ak g
HESE)L— )I/'CO)AHI3O%,4%O)¢'9&1’EliAHIChlcagoJ:)

(HyPcricago) £ 70%F D L1,

PSGId & & £ 2001 FAASMIL—ILIZD 2 &2

TRAT7ENTV . W32 Hd0547  » Median AHlggy, 50, 40% lower of AHlcpicqq0

DT T, [ARD50% A LDET. €L <([F3%E 1—(;9;%;1,_)[,—50)AH|50%/3%0)q:ggﬁg[j;AmChicago;L):b

LOBRRBHNERTZHSIABRERIRETEE A0%iE A LT=,

BqTNhd,
Ruehland WR et al. Sleep 2009;32(2):150-157.



Impact of Di opnea Definitiens

n Apnea-Hypopnea Index
AHIZEFTEH DD ELGAHETRIIL—ILDFE (RER)

» Failure to adjust cut-points for abnormal using the new AASM Hypopnea rules:
FHAASMIL—ILD ZDDEMFERJL—ILIZEWTELS (AHID) EED Ay A JEZFFAETL TLVEL

*40% of patients previously classified as having OSA using AHI (AHI >5/h)
would now not have OSA (AHI.. <5/h);

Chicago
Rec

SN ZAT T TAHI o (AHI >5/N)ELTOSALZ IS D BHEDA0%NHFIL—ILDH#HEREL—ILTIE
OSAZLERZHIEN D,

«25% scored using AASM,,. KB IL—ILTIZ25%HOSA%LEZHIN S,

* An AHI cut-off of 5/h used to define OSA in the Wisconsin cohort is approximately
equivalent to;
V4 AV AR—MRAR THEASNIZOSADEE THAHAHI >5/hEL LEWNSIHYRFIHEFZENRENDIL—ILIC
BOTIELUTOEIZHEET B,
*The hypopnea scoring rule used in Wisconsin cohort approximates the
AASMg, with AHI > 5/h abnormal.
V4 XAV AR— AR TEHONIABFERIL—ILIEHAASMIL—IL DR )L—ILIZHEEZL. 5/hTIEIERLC,

*Using Chicago criteria to score hypopneas lower cut-point for abnormal AHI
>15/h and >10/h using AASM alternative.
DAIDZATITTIE, AHI>15hELEICFREL., FIAASMIL—ILDREIL—ILTIF>10/hIZHEET B,

Ruehland WR et al. Sleep 2009;32(2):150-157.



Lean Symptomatic Adults Use AASM Alternative
Hypopnea Definition

HEE TIHEERD B AT, FTAASMIEFER)L—ILTIE, KBEIL—ILEFERTLH(RL)

AASM Chicago
criteria (1999)

AASM
Recommended
(30%/4% rule)

AASM
Alternative
(50%/3%/Ar rule)

W50% flow or discernible
reduction in flow with > 3%

desaturation
SRDO50% L EDIKRT. L L
F3% A EDRELBFNERT Z
HESEEBRSIRET

V30% flow with > 4%

desaturation
4% A EDBREEEMERT = #
530% L EOSTRIET

W50% flow with >3%
desaturation or a 3-sec
arousal

30650 £ DB ELREE TR -

ELLKE3WULEOEREZMAED
50% 3 EOSARIET

Chicago | AASM AASM
Criteria | Alt Rec

50%/3% | 30%/4%

Mean 27 21/h 6/h
AHI

AHI

PSGs in 14 (40%) of their subjects
would have been classified as normal
(AHI <5) using the recommended
AASM hypopnea rule (30%/4%).

14 N (40%)D B & HHEEE )L —)L(30%/4%)
ZALSEIEEE(AHI <5)[ZE#shTLES,

Guilleminault C et al.
Sleep Breath 2009;13(4):341-347.



Best to Rely on AASM Alternative

Hypopnea Rule in Lean Adults
BEEHATIEHFAASMIL—ILOREBEIL—ILIZHES A LU

* Guilleminault et al. (2009) rescored 35 PSGs in lean

adults with clinically symptomatic OSDB:
FIVE/—5[FFAEMEERF TR ERBDERDHHEE A AISEZD
PSGEHERIT7LELT:,
*\Whose hypopneas usually did not cause desaturations;
CHOBEFHOEFRIIBERRBAMEETZHADEND

» They found the AASM recommended (and to a lesser

degree the alternative) hypopnea definition:
B (FEFAASMIL— )L DIEFFIR DR )L— )L TIE LT OER LA HHZEZE
BH Lfz. (RBEETIIZDOMERIEFTEHI 1)

eFailed to detect OSDB in many lean patients;

Z<LDEHE =B A DFAZE IR RIS ER B AR H TELLY,

*Mislabeled their OSDB as mild in a large portion;
(BRHETETH) KD ZBIELR>TEMLTLED,
* AASM recommended (30%/4%) rule failed to detect OSA

in 40% of lean young adults with symptoms of OSA.
HFAASMIL—IL DHESE )L — )L (30%/4%) TI&L9E B 1= B A TRAZE 14 BE AR B 42 Guilleminault C et al.
IR R B DIER D 5 BB DA0% MBI TELLY, Sleep Breath 2009;13(4):341-347.




Differences Between AASM Child & Adult Respiratory Event Scoring
AASMIL—ILIZETBINREBRADER AR EDIL—ILDELD

Child/]N 7

Adulti A

Reporting AHI AHID L

Separate CAl and OAHI

AHI Include all T RXTHAHIZE8H5

R—rDEH IR EEAEEAHIZ 215

Hypopnea 2 missed breaths duration 10 sec duration$F it i [E] 1070 LL E

KRR >50% VNP or alternate 2 scoring approaches:2 DM J)L—)L
associated: 3%, Ar, Aw +>30% VNP + 4% desat
2R DIFHEE CREEL Y —T | <>50% VNP + 3% or Ar
50% L EDSRDIET . LLLE3%DEE | 90% event has I amplitude
REFMEET. —BERELLJEIREZ | 00%UEDARUMISRIEEOIETA
#3. H5.

RERA MNegative esoph press or NP MNeg esoph press or NP flow limitation

PR S NIt REE

discernible fall, flow limitation work of
breathing lasting at least 2 breaths AND
preceding an arousal

BERNITOREEZDOEM., 2EEE Y
—DABLGRRET . [RHIRICESHMT
REZNNFIBE2IFIR L EFHL. ENHAE
EEDRITHHE

AND preceding an arousal

BEANTOEEOEN, L LTEETE
U —NDREIEN. BEEEDRIIZHED
Y (%Yl

Hy poventilation{£#2 5

>25% total sleep time > 50 mmHg by
EtCO2 ortcCO2 = RERERFMED25% LA
£ TEtCO2% L<L3tcCO2H50mmHg L
ETHBZE

~>10 mmHg in CO, from wake supine to
sleep

AL REEIRE &L LR L CHERR R ICCO2M°
10mmHgLl L& N9 52 ¢&

OtherZ M4t

Periodic breathing J& 840 T 0%

Cheyne-Stokes breathing
FrA—Ab—F TR




Impact of Scoring Adolescents > 13 Years Using AASM Adult Respiratory Rules
BRULDBEHOBBEEHIADERARUNL—ILTRATIVTTHIEDRE

e Accardo et al. (2010) scored PSGs

from 101 adolescents (age 13-18) AASM AASM
using both AASM pediatric and adult Pediatri Alt
scoring rules;Accardo>[£101 A M & c (30%/4%)| 50%/3%
Bi( 13-18m) DEET—AFINBEFA and/or

DAASMIL—)LIZHE->TROa7 LT =, arousal

* AHI based upon the pediatric hypopnea -
rule and the adult alternative (50%/3%) Median 1. 7/h 0.4/h 1.4/h

hypopnea rules were concordant;/|\ /R AHI
DB IL—ILER AN DR E L (range) (0'43) (0'36) (0_38)
(50%/3%) 1EFE)L—JL TIXAHIIZ—E
LTz, : e » A higher pediatric AHI was associated

* Authors concluded that either pediatric with greater differences between pediatric
or adult alternative (50%/3%/Ar) can be and adult 30%/4% recommended
used in adolescents. E& L (X EEFIAD hypopnea rule./N 2 JL— )L CAHIN S L 15
BACHLTIDEL—UDRADRE gy INEIL—ILERADEMER D2
EDNMERISET S AaEm T T 7= JL—JL (30%/4%) TR LI-BEEDE MK

=1 A

Accardo JA et al. Sleep 2010;33(10):1333-1339.



Stanford vs. AASM Pediatric Respiratory Scoring Vastly Different
AR T —RIL—ILRHAASM/NRIEIRA RV RROATY VT KIEICERES

Lin and Guilleminault (2011) Stanford ~ AASM
scored PSGs done on 209 Scoring Scoring
non-obese children (2-18 (AHI>1 = (OAHI >
years) with suspected OSDB: OSA) 1.5/h abnl)
Lin&Guilleminault (2011) [Z &4 &209 A D Median AHI. 12.7/h 0.1/h
= TR i 2B AVER ;
et p S ibiolits o DA (00D

* 99% (207) were diagnosed | fEquartile
with OSA using Stanford s
respiratory criteria; x5 71—

FRFIR 24T ) T ERLSDE99%(207A)

MOSALEZ TSN T
e 39% (19) were abnormal (516 2% )
using AASM scoring EWN JE): THE

Criteria.39%(19)k)75“AASM734-7-U D= ‘ CHALLENGE
TERNCBIENL-.

2 . v Fan veebino Soluti 718 E i,’ atino ("-L.-’(,F("f"ﬁ
Lin and Guilleminault Sleep Medicine 2011;12:720- €<k Solutions, Lducating Lead

729.




Stanford Hypopnea

| ] ] T\ ¥ § ‘- ,I
SN ! M\'”“\"“" ) ""‘ ""’R '~'l<'~'J"""’|‘*rn"”\"‘J\ﬁ”"‘ W ?W M')MPA‘ “Nﬁ‘{sam’n’“ﬂ‘ i i? w ‘\‘\.ﬂ \p"R:th'.t'
(F2) - (Avg) klf' Tl"‘ 1 r‘”“ \’Jy‘.‘ pr '."ﬁir"‘mk[“‘r‘ 1"* N ‘f{’ 4 Vi "v“l\ ok 'v’"llﬂi LY fJ ﬂ. J,ﬂ.f‘r ~,l: f M K "l*' “rw;.fs"_?,‘\'.‘."‘i
(C4) - M1) f\ A \1“# "-l,fnl, “*"""‘\?’l* a »‘*ﬂaiﬂfld wq\.a\“'.'w*\“'l X f"“ wﬁ}*n# *’«u W i ’M’ﬁ- Vh "U P 9““"
(02) - (M1) F‘.._'-" '-4‘)1 J'\‘ LAk '“M ""” }w L P-ﬁ\ ‘il fw"‘ﬂ A l'r*w' *"ﬁ *‘I'r i H\' """""' k"\h’-v {" V' ‘ M "’.}'
(Chin-Ctr) - (Chin-L) ! !
(E1) - (M2) Ern st e s A A Rt W S 0 ey g et gy mmeein N S ssser oo SN A _-nf\
(E2) - (M1) b ettt g AN\ AN e A Ny Aot it N | AN i
(EKG-R) - (EKG-L) b L " bl 1 b 3 8 bt LLek 3 L it Lkl 1 L] PULSE
——— 4‘..1.,“: lhl-..I\-_‘l‘":-":‘l‘“." : ‘.“.\‘:"k‘; i.I,ar r|"7."~“"—”‘| i..l.l . i r r\.' ’.‘r ;.;; }; r"‘ _,!.!,;I " ‘ : i ,‘ ; ‘,,:I‘r“ . ‘{:.:..:I.‘ ; |I§7€-? I
warvy-qary LMY YAV VY VALV UV VAN VU Y YUY WAL U VARG Y VY VY VARV Y

(RAT-U) - (RAT-L) . i
957, 050 94.0 940 93.0 930 93.0 93.0 930 93.0 93.0 930 930 93.0 930

Sa02 5 O

Snore — *ﬂ————- B - - - - - - - —
—_—

Nasal / ; ! ! i | | 1 ! M|"| 93.(]

Chast

Abdomen | \ i i PNy

{RIC-U) - (RIC-L)

{RIC-LJ) - (RIC-L)

60 sec 01:35:30 01:35:40 01:35:50 01:36:00 01:36:10 01:36:20
Paas 10l 1

Example of a Stanford hypopnea which causes a 2% desaturation, no 3-sec EEG arousal but
authors describe a high delta waves burst followed by short-lived fast EEG frequency at end
of hypopnea; light snoring is present. K227+ —RIL—IUIZE 1T HIEFER, 2% DFEREBFEET
&5, M DORR LRGN, BEREOEROYIZ, SIRIEDTILZEDERLHY .. TDHEEK
NEERROON-ERRTNS, BEDOWLWUEELH S, (Lin and Guilleminault Sleep Medicine
2011;12:720-729)



in and Guilleminault Criticism Regarding AASM Pediatric

Respiratory Scoring Criteria  Lin and Guilleminault/= & 2AASM/)N R IEIE
ARVRRATI T IL—)UIZx T Btk

e Why do a sleep study if it cannot discriminate
between patients with symptoms?EK D 5 EEEX
ATSRENGES, ERREZTHIERNECICHLIDMN ?

e AASM criteria identifies all of the obvious, most
severe cases...lead to high number of false-negatives;
AASM/IL—)LTIETRELBALMN T, EELT—ADEZET
5, Iahb. ZLDBIEENELTIVD,

* Not acceptable for a test that is potentially demanding,
costly, and used to make important health care

decisions. FEZNE<LE5A ML HY . SETEELY | MGD Comment:

ﬁi@iﬁ&ﬁé?é&§%XF[:FﬁL\é':li (:0)3:57:;)[/_ | lodge the same complaint;[E LA
VI ZF AN, imh\# 5 why do a PSG to
* If clinical symptoms and clinical evaluations are more | diagnose OSA if 99% are

discriminating than the test itself, one may question di"’;gnosed i) Ji L
why the test is being performed. L LESRRAEREB R | BNOSAEDDDTLISDELEE

- = = S Bon e B PSG%LTOSAL BT 2L ENHS
AW REMNTELSDTHNIEXT AR EITIEKRIZRERM DM ? (RET. AEREIZ LD

2 tLE 54UV E0% R E DR AEIH L T
IINETHS LWLVSTEM?)




Recommended vs. Alternative ##EREE
Derivations to Score Sleep

HERZAO7 9 5= DKNKEBDEETE

Nasion

- O.’(.-

Recommended: 42 Alternative: X &%

e F4-M1, C4-M1, O2-M1 e Fz-Cz, Cz-Oz, C4-M1
Backup: Backup:

e F3-M2, C3-M2, O1-M2. e FPz-Cz, C3-0Oz, C3-M2,

Cz-01, E1-Fpz



Why Two EEG and Two EOG Montages?
BHERKEEOGIZ2BEDE A—2ahHo-DH ?

Michael Silber (Mayo Clinic) was
chair of the Adult Visual Scoring
Task Force; Mayo Clinic @
Michael Silberl& ADRT71) >
JEREENDEZERTHD

The alternative montages have
been used for a long time at the
Mayo Clinic. Mayo ClinicTIZ R &
KBEDEVZ—aALLNRT
=t

Dr. Silber is a very persuasive
man. Dr. SilberlEIERBIZEREF D
HAANTHD,

JCSM

lournal o Clinical

Sleep Medicine

The Visual Scoring of Sleep in Adults

Michasl H. Siber, MB.ChB"; Sonia Ancolldsrasl, P, Michael H. Bonnet, PnD."; Sudhancy Cholroverty, M.D." Madsieine M. Grigg-Damberger, MD ¥,
Max Hirshkowitz, Ph 0¥, Sheidon Kapen, M.D."; Sharon A, Keenan, Ph.D ¥, Meir H. Kryger, MLD ¥ Thomas Penzel, Ph.D *; Mark R. Pressman, Ph.D.",
Conrad lber MD.2




Advantages of Alternative EEG Derivations to Score Sleep Stages

R EBEESEAEDREBEICISERERAT—AO7 LOF R

PSG signatures of sleep are maximal
over Fz, Cz, and Oz; PSG_EMDEER

BELED KK EFz, Cz, and Oz T AR 7 P e
rlE(:_fc;éo_ . | (\\‘.:4‘\:.3. |
Linking biologically active electrodes \\
(Fz-Cz, Cz-Oz) often results in g

“cleaner” EEG signals.;E&£ DS L\
BWmEAEHESHET(FZ-Cz, Cz-
Oz) R ETOUT 1B IETZH/HE

MNTE5, «  Fz-Cz often useful for identifying

Study by van Sweden et al. (Sleep electographic seizure activity because less
1990) found Fz-Cz/Cz-Pz worked as muscle artifact over midline central regions.
well as C4-Al. van Sweden 5[2&% Fz-Cz (LK <BK EDTAMNAFIERZ R D

AR [+51=BIZRLVS, B L, B EITH ST
&EFz-CzICz-PzIXCA-ALERIFRIZHE ) D= BT —F 9 R ST

-G%%)o d:JO

REF: van Sweden B et al. Sleep 1990;13:279-83.



Disadvantages of Alternative EEG Derivations to Score
NREM 3

RBRICKSREBEEEICEHEREREIZAO7I4H L
TOARHZR

Amzica and Steriade (2002) cautioned: Amzica and
Steriade[FZE&ELT=,

» Using Fz-Cz (a bipolar linkage of two biologically
active channels) could produce cancellation effects;
Fz-Cz&L\WD DD FEBEDSLVEBDO NEEFEL
FIEGREIZFTBIHLH D) TvoL—3riEED

A[REEN B D, GRE L NEBFEEF = DO EEBD
SIEELGDTRI=IEEEZEITHEIELHHIELNDTE)

e Amplitude of slow wave activity in Fz-Cz may
appear to be <75 ¢V when itis really >100-200 u
V in F4-M1 because amplitudes over Fz and Cz are
similar and cancel out. Fz-Czi5E D &5 /& &) L F4-
M1T100-200 ¢ VULEDEIRIEIZE>TH75 pVEL
TTHALEDHD, B TELFzECZDIEEF (GLHE
BEMNLTEY, FTLHELH O TLEINLTH S,

Mircea Steriade
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Note how much lower the amplitude is in the Fz-Cz and Cz-Oz channels
compared to F3-M2, C3-M2, and O1-M2 due to cancellation effects of bipolar
linkages over frontocentral regions where slow wave activity is often
synchronous and of each amplitude. Fz-Cz Cz-Oz®D M iBEEHF3-M2, C3-M2,
O1-M2IZLEEL TLOMDEIRIETHAMER . CHIKX(NREM®D) S IRIE R (X
HIBEFRIDEBICRELTEY . REL TS DL, IRIFE THAEU TS =D ABES
BTHBHELSI (FrotL—2al)DTHS,



K-complex Widely Distributed, Often Maximal Frontal, Can Observe
Cancellation Effect Fz-Cz
BIEEERICER KICEY . [RRIZIEM>TVTAK-complexIZH LV THFz-CzTH v
vEL—2aERITIELNH D,

OB IR i

Note how the K-complexes are of higher amplitude in F4-M1 compared
to C4-M1. Also note the cancellation effect of the K-complex in Fz-Cz.
(KENDES T) K-complexh'F4-M1TC4A-ML.IZLEERL TEIRIETHY) .
Fz-CzTHxvotL—iarvhAHondEITER

158
LA v




Strategies for Scoring Slow Wave Activity of N3 Using Alternative EEG
BORDREZTNIDRIRZEARAAT I D= DER

 Use E1-FPz if using alternative EOG.{X & ;X MDEOGE il
HEEEFEALTLNSSL5IE (BackupEMB®D)E1-FpzZ
ERT 5,

« Use C4-M1 if using recommended EOG derivation. # 24
NDEOGEMEF EFFRALTLAE5C4—M1ERALS,

* Why not FPz-M1 ? FPz region reflects frontal brain
regions. MGDMDE R ) G Fpz—M1ZRLVE L ? FPzIE
RIERERDIEENZ RERL TULVD,

First two strategies recommended by AASM Scoring Manual FAQ
website; the third a recommendation by MGD which needs study.
RN ZDIFAASMI T THADROAT) T RZaTILD&LH 5D
BRla—7F—n55A, = DB EMGDA L DRI, RILIEDHE




Electro-oculogram (EOG) Choices

EOGMN IR %

Recommended EOGH 1%

Alternative EOGHt &%

E1-M2 E2
E2-M2 tem I
R - 1 1cm

E1

Conjugate eye movements produce out-of-
phase, EEG activity in-phase voltage
deflections. ARk D K FLEENL (EHE T) LFHDE
F5EHMELTREERSN ., UKIERCAIFEICZE S,

Cannot determine direction of eye movements
BRBKESND A A E 775750

Will miss some low amplitude eye movements

EfRIEDIRIKES) (TIRE TSN,

Easy to distinguish artifacts and EEG
T—FI7UREEEGERFIL AT LY

El-FPz

E2-FPz R 1

E2 E1

Shows direction of eye movements: vertical
in-phase in both EOG and horizontal out-of-
phase. EE AR OREES) FRE CAABICEY.
KEARIFEGDLABIZES

Eye-blinking easily identified as in-phase
EOG.BEMNRUHEDEHEL THEICRES
na

Detect all eye movements
FTARTORKEFNIRETES

Less easy to distinguish artifacts and EEG:
coexisting EEG in-phase intermixed with
vertical EOG 7—F 777k EEEGARAILIZL
LY EEDEOGLIEMNEIREDFEHEL TE
CYEI,
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MGD comment: Please try the alternative EOG: recognizes direction of eye

movements and subtle eye blinks.

MGD®D (FARIE) oAV bk : REFEDEOG

ZzEl LTS, REEBDOFRAONASDE, MM VBERBIARETEET



AASM EEG Montages:

Are Three Better than One?
AASMIMEEA—Da 3201 D2KYULNND M2

Ruehland et al. (2011) examined impact of EEG derivations on
PSG summary statistics: 3 scorers randomly scored 10 PSGs
twice uSINg: Ruehlands (X BIBE B ZDEENPSCOMBTHERICRIFT HEEH
Rz SADRIATZ—MUTDHETIUZ LIZIOEDPSGZE2[E Y DRa7 L=,
- F4-M1, C4-M1 and O2-M1 vs. C4-M1; 3D x 1D
- Also scored arousals and respiratory events; —i@H4FEEEEMFRA N
o 0 P N
They found A NREM 2 (10 + 4 min, p =.018) and A NREM 3
(+11 + 3 min, p = .001) using a 3-channel EEG: 3F v 1)L D
EEGZRU 5 ENREM 2ENREM 3 EEITIBMLT=,
- A\ N2 (and WN1) attributed to K-complexes more easily identified in
frontal EEG derivations; NREM
« 2MD1EMN (BEAREXFE1 D) IXHIEEEREHZE TK-complexM R DT+
9= ETHoT=,
« AN3 (at expense of N2) because slow waves often more prominent in
these channels. BERREZFE3DIE M (ERARERFE2MZ D2 iEo12) [F. 5%
EMTCREDEYIESETY LHERE TELEETH T,

REF: Ruehland, WR et al. Sleep 2011;34(1):73-81.



Are Three Better Than

3DAX1D2KYL\LNDH?

* Took same time to score

PSGs using 3- or 1-EEG:fix
BN DIZASELDZASERTT
TAODICEI HFHEILEIL

e 79+ 5 minvs. 75 + 6 min,
respectively;

* No statistically significant
difference for inter-scorer
reliability for either sleep
stages or arousals using 3-
or 1-EEG;EREEMN3IDIEASEL
DfzAS¢EEBREREMEIZEEIH M2

e The authors concluded a 1-
EEG PSG will suffice for

home sleep studies. # =6
IRRETEIDDBKEE T2 TH
AHEFEBEEFIERMTITTL D,




Which EEG and EOG Used at UNM? —a1—AX<aKEFETIIELESDMNEE
IREEF X4k D EBEEENHIGNTLNSN?
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o At UNM, we TInd this and eOG combination most usertul.

We also record —1—*¥LaKFTlE, LROIAVE F—au
ROUENDPTLNEEZTINVS,



AASM Technical Specifications:

Band Pass Frequency Filter Settings

BRI 75— OmBHEE

AASM®:
Routinely Low High
recorded frequency frequency
filter settings |filter (LFF) |[filter (HFF)
(Hz)
EEG 0.3 Hz 35 Hz
EOG 0.3 Hz 35 Hz
EMG 10 Hz 100 Hz
ECG 0.3 Hz 70 Hz
Respiration (0.1 Hz (DC) |15 Hz
Snoring 10 Hz 100 Hz

=

MGD comment: no complaints heard so
far; important to use 70 Hz HFF when
reviewing PSG for interictal epileptiform
activity or seizures 5 M &AL EH
NTLEL, RIEB RO TADATEES.
TADAFEEZHDT=DIZIFHFF 70 HzIZ5%
ETHENEE,

from The Scoring of Sleep and Associated Events, AASM, 2007, pagelb.




/""—F;.

Differ Sleep stics Using AASM verstS R & K
Scoring Rules in Adults

BAIZETFAAASMIL—ILFR & K JIL—I)LDIERBREZTHERONDE

7 sleep experts rescored 72 adult PSGs using AASM rules: 7 A MDEEARELPY
EN72AND D APSGEAASMIL—I)LTCRAFLT=,

 Compared to consensus-based R & K sleep stage scorings done years
earlier as part of European SIESTA database;#8EICH DR & K JL—ILT
AT ENF-T—OY/KSIESTAT—IRN—R ELBLT-
Found statistically different but clinically insignificant: $t5T=FBICIXBEE
MTEMN. BRLODETH TN,
o AWake after Sleep Onset (+mean 4 min); BERREASR % D & 51 F= tH R (X
=Pl

e A NREM 1 (+11 min, +3% TST) ;RBEAR EZBE1(L1E 40 /MGD comment:

\

e A NREM 3 (+10 min, +2.5% TST);EERREXFE3IZIENM | Surprisingly little change in
o WNREM 2 sleep (-21 minutes, -5% TST).BEIREX®52(d sleep study stats but most

THHEITEE,
N

were healthy adult controls.
BAREEN B oT=, AV,
NITBEBRATODT—4

4

REF: Moser et al. Sleep 2009;32(2):139-149.



W
Changed with AASM Rules Moser (&7t EEIR AR T 82
MAASMIL—ILTELIH =D M EERRT=,

AWASO (+4 min)

2/3 were epochs of “Movement Time”
rescored as W; Movement Time& L TEE %
SN TV =IRYID2BNWELTRIT SN
=

1/3 rescored W because sleep onset in
Manual defined as the first 30-sec epoch of
any stage of sleep. WEE TRO7ENEEH
LTHEDD1/3[E. AASMIL—ILTIEE DHEER
AT—U THRVD3I0M D IR Y Tsleep
onsetEIRESN TSI ENHETH D,

e Sleep onset in SIESTA database first 3
epochs of stage 1 or any other stage of
sleep. SIESTAT—2A~—XTIZ. Sleep
onsetliFmADITRY VIR T—I1hN,
thDEEERRT— LRREIN TS,

AN NREM 3
(mean +10 min, +2.5% TST)

More N3 because slow wave activity
> 75 uV in F4-M1 and slightly less
than <75 uV in C4-M1 in some
subjects. fRiRMC4-M1 THLIEIFT5
WL TFIZHES53 D HFA-MITIEL75 pVv
LLICIEAIGEEMNHY . BEIREERE3A
Bz 1=

In individual subjects, A N3 O to +53
min and N2 0 to -55 min. %A 1{&E A
TIXEEAR 353 L | FRAR Y
BE2A\55 53 AL 1=,

REF: Moser et al. Sleep 2009;32(2):139-149.




NREM 1 Sleep A Mean of + 11 min and +3% TST Because of AASM Sleep
Scoring Rule 5.C.b
AASMIL—ILD5.C.b IEDEETNREM 1A #1155 8EL, TSTA3%EMLT =,

Epochs 50 51 52 53 50 °1 52 53
r - [ ] 1 ' 5 1
: K oomplex : ! }(:m*-p'rrx ' : K compliex : G%D K comgiex
; _j‘ | Arcusal : : ! '
C4-M1 | 1#:——,-,&&,—1\(——. C4-M1 — — = .J\,
I ' 1 ] I ' I I
: ' ' . : = ' :
L lJ\/_J' 02M1 p—'p
I i I | ] . | 1
Leye| 4, - ' ﬂl/ | Leye _As Au A
| I 1 .' |
Reye' , ,‘LL A Reye : /}'F_ . A,
I : I 1 [ : | '
Chin , . ' : ! Chin . ' ,
D e
EMG ! , . - - EMG , . -
L | 1 ] 1 I I
Stage N2  StageN2  Siage N1 Stage N2 StageN2  SlageN2  StagaN1 StageN2

R/

% END stage N2: score epochs as stage N1 when an arousal or K with an
arousal appears;— @M REN, —BEREZFOKNHIILEIRERME2IR T &
L. EBREE1ERTT I 5,

* And continue scoring subsequent epochs as N1 until a sleep spindle or a K-

complex appears Z M sleep spindle KA H S ETIFERERE1EAa7L

w75, AASM Manual, rule 5.C.b, page 26.



Percent NREM 1 Time Increased
Because of Stage Shifts from NREM 2 HERR E& 2\ B [#
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* Figure showing a 60-second epoch of a patient who was in NREM 2 sleep, has an arousal.
The epoch is scored as N1 because after the arousal no sleep spindles/K complexes recur
because of AASM scoring rule 5.C.b (p. 26). 60#® TRys CEEIRER[E2MNSEENHoT-,
— B4R EE D% [Esleep spindles/K complexes AV7ELV=60AASMIL—JL(D5.C.b IEIZKY). BE
IREERE11ICRaTEND,



Sleep Stage Transitions Measure of Sleep Fragmentation

In PSG
PSGLDEEREEBORIT(RT—IUV20M) JER S F{EFRL
TL\3,

Laffan et al. (2010) retrospectively
analyzed whether sleep stage transitions
(= stage shifts) were predictive of self-
reported restless and light sleep in 5,684
participants in the Sleep Heart Sleep Study Tg E’ ’r”nr
database. Laffani> & Sleep Heart Sleep B Y b &=

Study T —4~A—Z (5684 A ()t CHEAR £ o
FEDBITHABRMGARERRO RN, i£0H
IRUEBEELTWLSDDERARZHEZIT
T=o o 70% of sleep stage shifts were from

They found restless and light sleep NREM sleep to wakefulness; B & B 5
complaints increased linearly reaching a DIBATD70%IINREMALWTH S,

"  Only 0.2/h from REM sleep to wake
plateau when sleep state transition rate REMMSWADEEITIE0.2/hI = BEFE0N
>12 shifts/hour of sleep;ZAER B & 045,

EWVRY DERAIFERIICAT—IDTRE
[CEEBIL. 1BV 12U EDBITTTSh—
[Z:ZFELT=,

Laffan A et al. Sleep 2010;33(12):1681-1686.



> 10 Stage Shifts/hour of sleep associated with Restless/Light Sleep
10/hour Ll L DEEAREXFE D FEATIZ AR D K AN, K ULMRY LBEEMNH D,

e Sleep stage shifts were predictive in adults of self-reported restless
and light sleep: Bt A TOEEIREZFE D BT AR B O R0, ZVERY
TP HISED,

¢ Independent of age, BMI, sex, race, and other PSG metrics;{th ™
5, BMI, 5. ANTE, HDPSGOAIEHIEE WS EFM oL

e Restless and light sleep complaints increased linearly with the
overall transition rate but then reached a plateau when the rate
exceeded 12 shifts/h. 2R D RN+, X WVREY DER A (KB HRAY(ZEE
IREZPE DFBATERICELBIL . 1FFREIHT-WI2LL L DFEITTT Sh—ITEL
f=o

e > 10 sleep stage transitions per hour of sleep associated witha 1.4
odds ratio of restless or light sleep in adults.  10/h L 0 BERR E% [
DFATITARBDRINAORVDEEYDV RN ANIZEWNTHY XL
1.481275%,

Laffan A et al. Sleep 2010;33(12):1681-
1686.



Differences in Sleep Architecture
Scoring PSGs in Children Using AASM Rules

BEEER R T— &L
AASMIL—ILZRAWT/MNRDPSGERa7LI-B A

* Novelli et al. (2010) had 3 Italian pediatric
sleep experts: Novellis[F2ADA21) 7 N
INREERREMEICUITOIEZSE T,

e Score PSGs from 45 healthy pre-
pubertal controls (mean age 8.5 = 3
years) using consensus-based R & K
criteria adapted for children developed
by the German Pediatric Sleep
Society; B EHIFI D45 AN DEELZO
A—/)LEZ. FMYNRERFRTHEDS
=, INREFRELI-REIZE DR &
KOZAT) 7 TRA7IE 1=,

 Two months later, they rescored these
PSGs using AASM pediatric scoring
rules. 2 A RINSDPSGEZAASM/
BIL—ILTHEROT7SE T,

Novelli L. et al. Journal of Sleep Research 2010; 19 (1 Pt 2): 238-47.



ANREM 1 and A\Stage Shifts Scoring Sleep Using AASM
Pediatric Criteria

AASM/MNRIL—ILZ WS CEERR B 1 SRR B [ERB 1T ME A S
ANREM 1 +50 min (+10% TST) 18 min (4% TST)
ANBERR B [E1

WNREM 2 -236 min (46% TST) 263 min (51% TST)
VB AR F R 2

AStage shifts perh  +9 + 2/h 7+ 2/h

ANERR X [EF21T R
s Further analysis of data showed that increased N1 due to stage shifts from N2 when
following Rule 5.c.b (page 26); REAREXfE1DIEMNIEL5.c.bIEE It L YEEIRERFE2M 5D F
TCHH IEL OOz,
»  Stage shifts/hour could be used to identify sleep fragmentation in children; AR B [£7%
TISEEE S B1EDIEEELTHLYL NS,
s Study limitations: scorers were not blinded, children were healthy asymptomatic
controls. COMRDER: RAT7F—HNERIESNTULEL, IRINMERTEEKRDI
O—LETHAHCE

4

L)

L)

Novelli L. et al. Journal of Sleep Research 2010; 19 (1 Pt 2): 238-47.



Slow Wave Activity in NREM 3 in Children and
Adolescents

INR & BB ORI PE3I 3511 1%

Slow wave activity of NREM 3 in children often >200-400 uV in all EEG derivations so no
increase in the percent NREM 3 when scoring SWA in frontal EEG derivations.
INR DRERREEFE3DRIRIELIELIET R TOiREBT200-400nVEL L2735, £ DT=8HI
BEERAN AR CTHRIRZ A7 I 5 EICKHNIDEEDBMIEEEHNLELY,



AASM Rules Better Able to Identify Sleep Fragmentation in Children
with OSDB AASMIL—ILTIXFAZE MR ES O $H5 /R O RS

MribZ LYFEELPT LY,
Significant Sleep Summary AASM Modified R & K
Difference
ANREM 1 sleep 14 +5% TST 8+ 5% TST
ANBERR B & 1
WNREM 3 sleep 28 +11% TST 32+ 10% TST
VB AR BB 3
AStage shifts per h 16 + 8 12 + 3/ h of sleep
ANEERR B FE R 1T 13K

% More severe the OSDB, higher percent spent NREM 1 using AASM; AASM)L—
JLTIZOSDBAEIEICGN TG T E | FERERELDOREMNIBEZ D,

» Primary snorers had significantly higher NREM 1 TST compared to controls
(11 +4% vs. 8 +5%) using AASM (but not R & K) rules; #HEDWUEDESE
TIEEREFELD LLEANAASMIL—)LTIEarA—)LEICHERLTELY, (R&K
TIIEZFEDHT )

» Increased stage shifts to NREM 1 related to respiratory events identified
children with OSDB . OSDB® & TIIMFRA N MK AHEREEFELND A T—

S == \ERH CA i
VDS h”b\”ﬂ&)%ﬁo S et al. Clinical Neurophysiology 2010;121:39-42.
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es Reduce

W_rgue That the

Complexity of PSG in Children
SchollebFAASMIL—)LTIE/MNRPSGOEMMZE GFAE T D) ELSE
TWhWAEHHILTLNS

e They provide normative data on single-night PSG recorded on 209 healthy German Caucasian
children (ages 1-18 years). 2092 DEELTEH ARV AN (1—185) D/MNED1BOPSGIZEDIER
T—REFERL],

* The authors complained:Z& D H#LFI LI T DEY

e Combining stages 3 & 4 into NREM 3 was ill-advised; A 77— 384%N3(2FEDH D EF KL

* Why not the same rule for an arousal signaling a sleep state transition when it occurs during
NREMS3, NREM 1 or REM sleep? N3, N1, REMTRERICHAHOI-GE DERAT—HBTD
IL—ILHGEERLCTHLD M ?

e PSG epochs containing major body movement (MBM) should be tallied as Movement Time
Index (number/hour TST) because: MBMZ &L IRy IEMovement Time IndextLTEEDH S
NBERET,

- MBM is not necessarily arousal-dependent nor signal a sleep state change; MBMIE#49
LEREEICHIIDTE, BERREBOELZEKRT 5D TEALY,

- Elevated Movement Time is an important PSG indicator of disturbed sleep in children with
sleep disordered breathing and attention deficit disorders. Movement timeD1E0(XSDOB
MHOTADDABHAH/NRICEOTHEENEEFESN TSI LZERT HEELPSCODIEIRTH
Do

Scholle S et al. Sleep Medicine 2011;12:542-549.



ASM Arousal Rules Often Inadequate to Identify Sleep

Disruption in Children
AASMD EEE)L— L TIE/NE DEEIR 7 iz 1E LR TSE/EL

Arousals in young children characterized by a
shift to rhythmic theta often maximal in frontal
and central regions. /g (4R 2 ) D EEEI<ILFTEEHDER
[CERRSRZELDEHMED Theta FEINHFHIITH S,

e Best to review frontal EEG for subtle signs of
arousal in younger children;/hNg ($1'RE 2 ) DT higE
BEZ R DTAHICIXHBER DK BB RE

Whereas, arousal patterns in adolescents and adults
often maximal in central and occipital regions with

EEG frequency shift into theta and alpha bands. 2 #&#j
PRADEETIEIRE X PILMRERICERKRED DThetall B LUV
alphaizl O xR E BB TH D,

Scholle S et al. Sleep Medicine 2011;12:542-549.
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Child Finally Awake Two Minutes Later
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ASM Arousal Rules Often Inadequate to Identify Sleep

Disruption in Children
AASMD EEE)L— L TIE/MNE D REIR 57 Wiz E LGHETE 2L

o &pneas or h%/popneas in children often last 5.5 to 8 sec;/|V[2 D LI 45
{KIEDR (5.5 L8R D FiiiFE TH S

* AASM arousal rule requires 10 seconds of stable sleep to score an
%ou%azlo: AASMDREE)L—)LIFX10M DEREIR A REEZ X7 I DRI

e Too long an interval in children, perhaps 5 seconds more
reasonable. (10 DREREIL) /MNETIERBES, BZo5HULETLHD
NEEHNTHAD,

* Children less likely to have EEG arousals related to respiratory events:
INBTHIRAANDMNIAES K EDREEIXHFYLELY,

» Consider allowing for scoring of subcortical arousals in children;/|s
RTCERETOREZ (RELLOBFRITILTEREITAE,

» Possibilities: PTT, PAT, pulse amplitude waveform changes, cyclic
alternating pattern (CAP) and/or respiratory cycle-related EEG
changes. PTT, PAT, pulse amplitude waveform changes, CAP,F Iz +-
A IVEEREE LG ENFHATESAEEELH D,



Apneas or Hypopneas in Young Children Often Last 5.5-8 sec
INR D B E IR ORI (X5.50 58 D iR fE TH 5
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Scholle S et al. Sleep Medicine, 2011, accepted for publication.



AASM Scoring Manual Goal: Improve Inter-scorer Reliability
AASMAROT YT R-aT7 IO BZ mEMEETEONE

Inter-rater reliability (IRR) when
scoring a PSG depends upon:PSG
AT I HLEREREEEILUTOIL
IZIRTE T Do
e Skill, experience and training of
scorer; TR, FER. REDLL—=
V) DiESE
e Technical quality of study; BE&ED
A7 E
e Clarity and simplicity of scoring rules;
RATYT IL—ILDOBRRE LR
e Diligence with which scoring rules are
%ppied;X:T')‘zb“)b—)lx EhfISE

e Degree of physiological ambiguity of
the sleep/wake patterns. ({E < @ &3
D) £ E R R EE O X 7| QB S

When > 2 individuals score a stage
of sleep or an event in a PSG
differently:2 A LI L APSCOEER R T—
WPARUZE A RIZATT LIZ6,

e Can introduce enough variability to
lead to a false positive or false
negative for a particular diagcnqsis. %)
2D EBEIECHREEISHEUDOLE
EESDENELLHAREEDLHD

If agreement is substandard between

two scorers, either: +LZ AD1&E D]
DEBENEELITELTLVELVESLUTD
AIREED D D

e The scoring system is flawed, or one
(or both) scorers need re-training to
score more alike. AaA7 )27 L AT Ls
[CEI@ENHLN, EELMN(ELLIEHE
D)REBICRITN T DRL—Z0 T %
RITEET LENHEHT=5D,



Inter-scorer Agreement Modestly Better Using AASM

Sleep Scoring

AASMIL—ILD AL EEREREEIHLSEESFL

e Danker-Hopfe et al. (2009)
found inter-scorer agreement
improved when 72 adult PSGs
(mostly normal controls) were
rescored using AASM sleep
scoring rules. Danker-Hopfe
(XN T728PSG([FEAE(E
BEADIFA—IL)EAASM
IV—ILTRAT L= A DR E
o)_ﬁﬁlj:&%l/f:o

e Scorer agreement higher for
stage R, N1 and N3 and lower
for N2 using AASM rules.
AASMIL—IL CIEEF R D —
F(IRXT—UR, N1, N3THEL.
N2TCIE L=

Overall Percent Percent
percent PSGs PSGs
agreement k> 0.61- [«>041-
0.79 0.59

AAS 82% 42% 42% 14%

M (k =.75)

R& 80.6% 23% 66% 11%

K (k =.72)

% Kappa (k): >0.80 excellent agreement; 0.61-
0.70 substantial; 0.41-0.59 moderate.

s Scorer agreement decreased with increasing
age of subjects, worse using R & K rules.#%%& [
—HEIBENSHRICENILELHIFEERTLIZA. REK
TIISHITBELT-,

Danker-Hopfe et al. 2009
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INRDEEREERAT—oXaA7) T IZBITAEERIEREY

* Novelli et al. (2010) found the mean epoch-by-epoch sleep stage
scoring agreement showed excellent agreement (mean Cohen’s
of .89):Novellis[EIRYIBMDRAT—oRAT T QFE—HERTIEEICKA -
T:&*E%L—CL\éo

Greatest disagreement for NREM 1/stage 1 (36%
agreement):N1/stagelhixb—ELGEM o1z, (36%D—)

* Most often epoch scored stage 2 using R & K, N1 using AASM
because an arousal often caused a stage shiftto N1; R & KCMDA7T—
D212IE. AASMJL—IULNLIZESED B o=, BELRLREEREEZRDIL—
ILTNLIZEEIZGZHTDDHEMNOTH D,

» Excellent agreement: for Wake and NREM 2 (99%); REM (98%) and
NREM 3 (94%); Wake, NREM 2 (99%); REM (98%) and NREM 3
(94%)IE T (X5 LLV—EEFEf-oT-,

Conclusion: scoring a PSG in a healthy asymptomatic child using
either criteria would usually yield similar consensus-based scoring
results. 5k EETEERD/NEDOPSCORAT[FELLDIT(T)
TeRAWTHLRILESGHMEICEDCRaATI VT #ERIZES,

Novelli L et al. J Sleep Res 2010;19:238-247.



ma\/l Sleep Behavior Disorder (RBD) Requires

v-PSG
RBDDEWIZIIETAPSGHALETHS,

A clinical diagnosis of REM Sleep Behavior Disorder
(RBD) requires excessive amounts of phasic and/or tonic
chin and/or excessive phasic limb EMG activity during
REM sleep on video-PSG (REM sleep without atonia,

RSWA);RBD®D < [Ephasics/E LL< [Etonic IZF51F%chin EMGD
ié'jlﬂt/%bb((d: hasic limb EMGd)i'*'hIJEREMHEEEEPl ET#APSGLT
&’)é_tb\,z\%’c&'%a (REM sleep without atonia it A& {EH ALY

REMBERR, RSWA)

AASM Manual sketchy on how to score RSWA in a PSG
because there was limited evidence for it when the
Manual was published from studies published through

2004. AASMT =27 JLIZRSWAZLIMNZRAT7THMIZEAL TR
PTHD, HELELIZATILARREINTI=2004FFTIZT+HHEIETY
ANENST=S5TH S,
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AASM Rules for Scoring RSWA in a PSG Are Sketchy at Best
PSGLEDRSWAZXOT7F B DAASMIL—ILIE (FRBVWLEBIZHTEH)
R#HETHS

* A single 30-second epoch of REM sleep can be scored as RSWA if it
contains: LUTDEHZH-EIE—DDI0MWIRYIIERSWALRIT TES,

* >50% of the submentalis (chin) EMG has excessive tonic chin activity
(which is of higher amplitude than its lowest amplitude during NREM
sleep) and/or; A7 HA T (chin) EMG®D50%LL E TiBE|Z Tonic chinid
B AR5 55 (NREMEEIRE O R/ OIRIELYBELMRIBIZAE> TV,

e > five 3-second mini-epochs of either the chin and/or limb EMG
channels contain excessive phasic EMG activity (0.1-5.0 seconds of
EMG activity within a mini-epoch which is at least 4 times as high as the
baseline EMG activity. 3#REIfERD/NSLZEIRYID5DLL L Tchind/HL<
[XlimbDEMGAH 1@ E|7Ziphasic EMG/EE) (0.1-5.0 D&x/NTHER—RFM >
DEMGDAZLL L DIRIE) =T HRYIDHETHEDH D,
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Score excessive tonic activity in a 30-second if >50% of the epoch contains

excessive tonic EMG activity in the chin or limb EMG during REM sleep. 30
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Score a 30-sec of REM sleep as RSWA if >50% of sequential three second periods
containing bursts of transient muscle activity. In RBD, excessive transient muscle activity
bursts are 0.1 — 5.0 seconds in duration and at least 4 times as high in amplitude as the
background EMG activity. 30#MOREMEER T— @D FHEEIEZFEOHH3MT DDOREMH50% L
ETHBHIBERSWALLTRIOT T S, RBDIZELTIL, BEILG—BIED B E S # X R #KEFREH%0.1-5.0
HTERHERNIVMELULORIENHS.




Need to Carefully Review v-PSG During REM Sleep Because RBD
Events Brief
REMEERRF DE TAPSGIFEEZICREIG TN IEESE,
RBDD AN KMEFELY,

Confirm clinical RBD by either: LLF D 753 ;% TER R £ MRBDZ R T 5.
» Observing motor and/or vocal behaviors during REM sleep, and/or; REMEEHE f dD
EEL LI RFITEZHEET S andlor
A history of dream enactment behaviors. & D 1TEIEEE(ZITIRELNHHH
Be advised that RBD motor events are: RBDDES A NI T DN H S,

e Typically very brief. 75% lasted < 2 sec, 83% were simple, 14% complex, 11%
vocalizations, and 4% violent; ELEYE(Z(XEE LY, 75%I(EL2F0 LLTF . 83% LB fli, 14%
(T8 . 11%EHF. ANER N THD,

e More severe end of night when REM sleep most;! REMEEER M +-&+ 2 <{7EHER
HIZ®&RBUELGD,

e More in phasic (than tonic) REM sleep; phasic REM®M /A T(tonickW+) KUERH LN
%,

 Exhibit night-to-night variability (but not for the RSWA). (A XU k&) BIRELLH1RHEA
295, (RSWAITZEHGAELY)

e Most are limb jerks, more often of the arms. ¥ X THEEE AN EIKAY, LA KYEIC,

REFs: 1) Iranzo et al. 2009; 2) Oudiette, De Cock et al. 2009; 3) Manni et al. 2009;4)
Frauscher, Gschliesseret al. 2007; 5) Zhang, Lam et al. 2008



Which Muscles Should We Record to Best Identify RSWA and RBD
in a Video-PSG? ETAPSGTRSWALRBD%iREkT HDICRLELT-
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* Frauscher et al. (2009) found best to score able RSWA from the mentalis,
flexor digitorum superficialis and extensor digitorum brevis muscles.
Frauschers ($A T A . iZ1EE/H . BIEHAHNARSWAZ L EHRITLOTLY
EHRELTLVD,



What Are Abnormal Cutoffs For Excessive Phasic And/Or Tonic
EMG In REM Sleep? REMEERRF D i&EF|ZPhasic And/Or Tonic EMG

ZREEHETHAIVMIRIFEIH?

Tonic Chin EMG ACtiVity Phasic Chin EMG ACtiVity Leg Movements
: "] 15% phasi :
" >30% tonic chin . 2 .5 P aSI.C 2401 > 20% PLMs n REM
0. o . - chin EMG in 0 abnl; no data for
' | EMGin REM o o
- o abnormal . REM s ] phasic or tonic leg
i v I . abnormal 15% 2 EMG datayet.
30% EL_EDtonic . ’ =
£ chin EMG TR z o . LL_E D phasic g
S 3 o chin EMGTE £ .
g g o B s ‘ 2 .
E 504 u =) é 1204 :
E 404 * E o Tneeert = 100 .
r : £ .
0= B e " %
" '=:: : : ' """"
104 et L, ™ - sl
_______ T Y B LTy rit 1 e
o A ¢ Pttt : o Sersiiaan
RBD Conlrols RED Controls = Emg "

* A case-control study by Montplasir et al. retrospectively calculated cut-off values for excessive tonic and
phasic chin EMG and leg movements during REM sleep: Montplasirs|Z&AEEHT FA—)LEFZE TlE
REMEEHR 51 M excessive tonic and phasic chin EMG ETURGERID Ay A DEF#ARESIZHELT-,

Abnormal tonic chin EMG: > 30% REM sleep epochs; (RBDTI)tonic chin EMGIZ30% LI L ®D
REMEEERTRYVTEEIZLD

Abnormal phasic chin EMG: >15% REM sleep epochs; (RBDTIZ) phasic chin EMGIZ15% L ED
REMEEERTRYVTEEIZLD

Abnormal PLMS: > 20% PLMs per hour of REM sleep; (RBDTI) PLMSI&20% Ll £ D REMEEIR T
RV TREIZES

No data available for phasic or tonic leg EMG; Phasic or tonic leg EMGIZEEL TIET—%7%L

Montplaisir J et al. Movement Disorders 2011,



Wish List AASMY =317 ILIZHFET B

AASM Manual

Update the Manual (which has already begun); ¥ =27 JILZ &1L T2 (T TIZIRFE->TLNS, )
More evidence and normative data for rules;JL—JLIZ[XESHAIE TV ADEET—AHNBETH
%o

A single rule for scoring hypopneas in adults (probably the alternative for which there was the
most data); [k ADIEIER D AT T IL—ILE—DIZT %, ((KEENELW, T—2DEBELH D, )

Consider scoring subcortical arousals in young children and reducing the period of stable sleep to
5 seconds. HFED/PNRETIERETOREZRATTHLIITEEL. REERTORERIXSF) TKUVKDIC
ERSH

Consider revising major body movement scoring rules. XEEAEE D Ra7) o F IL—ILEHRET S,

Provide more specific rules and technical recommendations for scoring RBD and RSWA. RBD&
RSWAZZXO7§ 5= DN LIL—ILER TG REED D,

Atlas/Scoring database on AASM website with free access. AASMD 7S RXHORaAT7Y T T—4
N—ZAMAASMV I T H A+ TENTT I ERATEDLIITH S,
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