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Tho Inaugural Meeting of tho Associntion for the Psychophysiclogion

Study of Sloop (APSS) was FEEFERET 1n 1960 for the purpose of adopting a

siandord scoring sys El{_?gemgus of gieep. The opportunity to discuss

cxperimeninl resulis diver| these charter mcmr&{mm fhoir origing

purposc and, Instend, they decided to meot annuaily therealler to: commu
cate their latest rescarch findings . ) ’

ke need for a g_teagdard scoring system was veemphasized by Monro
stady’ {1967) which-i-'e\'mi'lod serious unrollability in the scoring of certal
gleep slages. Concexn over this unxeliability lod to the fnclusion of & spx
ascssion on scoring at the Sevonth Annunl Moeeting of APSS held that year.
Subsequently, an ad hoc commitiee of investigalors was formed under the
suspices of the UCLA Brain Information Servicé to develop 2 terminolog:
scoring sysium that might be used universally by sleep rescarchezs. Th.
Commitlee membors met.on soveral separatc occasions arid corresponde
extensivoly in tho Intervening periods. The Committos was composed of

following members, all of whom had considerable cxpericnce in gcoring ¢
records:

Ralph J. Boerger, Ph.D., Department of Psychology, Crown College,
University of California, Santa Cruz, California.

Willam C. Dement, M.D,, Department of Psychlatry, Stanford
University School of Mcdicine, Palo Alte, California.

Allan Jacobson, M.D. , Department of Anatomy, University of
California School of Medicine; Los Angeles, California.

Laverne C. Johnson, Ph.D., Navy Medical Neuropsychiatric
Rescarch Unit, U.8, Naval Hospital, San Dicgo, California.

biichel Jouvet, M.D., Laboratoire de Médecine Expéi'lmnmlq.
Facultd de Modeeine, Lyon, Franco.

Anthony Kaice, M,D., Depariment of Psychialry, Univorsity of
Californin School of Medicine, Los. Angeles, California.

Lawrence J. Monroe, Ph.D., Depariment of Psychelogy, Universit
of Iltinois College of Medicine, Chicago, Illinols.

Ian Oswald, M.D., Deparifment of Peychiatry, Unlversity of
Edinburgh, Edinburgh, Scolland. s

-&llan Rechtschaffen, Ph.D., Departments of Psyehintry and
Psychology, Unlverslty of Chicago, Chleago, ilingis.

Howard P. Roffwarg, M.D., Albert Einsicin Modical Centar,
Montéflore Hospital, Thoe Bronxz, New. York.

Bddrick Roth, M.D., Department of Neurology, Charles. Univeraity
Medical Faculty, Prague, Czechoslovakia,

Richard D. Walter, M.D., Divislon of Neurclogy, Depaytment 61
Modicine, University of Californin Scheol of Medicing, Les
Angeles, California. .

‘This proposal was prepared by the Committee with tha axpeetation
the standardization of recording techniques and scoring eritesia would
widely usad and would markedly inercasa,,ﬂy; com rability ~n£_ resle
reported by dilforent investigators. An Svaluatidn of how rauch suel
standardization contribuies to xeliabllity of scoring will have to await th
development of experience with the system and emplrical testing.

Allan Rechtschaifen aad .
Anthony Kales,” Co-Chalrmem



TO PROVIDE CONTINUITY within the very oxtensive yoscarch on slesp
stages which has been published in the last decede, -it was the guiding principle
pl the Commilice to reiain, as much as possible, the terminology and criteria-
which have had the groatest use, Indeed, it is testimony to tho accurncy and
judgment of Dement and Kleitman (1957)¢ that their deseription of slocp stages
has proven usciul in a decade of voluminous research by hundreds of investi-
gators without requiring major medilication. In general, the present propesal
veprasents a reaiflirmation of their original c;i&e'rinu{or the partition of gl

iq sjages, combined with the rovisions and ciah3tHilons " which must Theviibly
Eﬁoﬁsmrs of experience with their system.

Resoarch utilizing the Dement-Kieitman criteria for scoring sleep stages
firmly established the fact, first noted by Loomis, Harvey and Hobart
{1937), that sleep i= not a stoad sté\tehand ‘that the sleep siages follow a
rly orderly eyclic pattern. hilo ll:'ilow‘i‘mige of the significance of each
tage of sicep is incomplete, speelfic- physiological and behaviorai correlates
the varlous stages have been found. These and other correlates may
avoniually provide more meaningful descriptions of slesp than the stages
cribed in the following section which &imphasizes the EEG changes.

The terminology and é’oorlng systoms mWe are not intended as
restrlctions upon the researcher who hes ¥ ifiYe reasons for using

difioront texms and criteria. However, it iz sirengly recommended that
departures from these terms and criterla should be specified. Such specifi-
eatlon would aid in comparing the resulis in different studies.

Although there ia considerable comparability of slecp stage manifesta~.
flons among vericus species, the difforences are sufficiently great to require
& separate scoring sysiem for most specics. _This proposal is designed for
adult humans. Even among human subjects, however, there are some indi-
viduala or groups whose polyrraph recordings may require furthor description
or elaboralion than that provided by tho stages proposed here. In such in-
Stances, the cxissmrﬁg rg_&establisl\ed catogorics does not frec the investigator
from the task of devising a descriplive systom which botter communicates the

N - e . . i
liwag gcoring oriteria were fuvther elaborated ‘Q!W.c. Demgnt: in &
Beual presented to- the APSS meeting in 1962.

uaique features of the phenomena. For example, Lt is well lgpﬁn that humen

fnfanis show combinations of polygraphic foaturcs which ﬂéfy‘aassificalion by
tho eriteria proposed hore. A strict adhorence to thu propused system would
mot ylold an adequate description of infant sleep.

'!'ermlnog

EEG Torms

For.the designation of specific EEG phenomena, the proposal of the
TPerminology Commitice of the Intornational Federation for Electroanceph-
alography and Clinieal Neurophysiology (Brazier, Cobb, Fischgold, Gastaut,
Gioor, Hess, Jasper, Locb, Magnus, Pampiglione, Remond, Storm van
Leeuwen and Walter, 1961) is adopted excopt where specifically noted.
Bimilarly, the Ten Twonty Elcctrode System of the International Federation,
(Jasper, 1958) is adopted for designation of clectrode placements,

Stages,

A more detalled diséussion of scoring criteria will be prescnted later;

for purposes of preliminary identification, the stages and their mest prom-
inent foatures are: i

Stage W (wakefulness) - The EEG contains alpha actlvity and/or low
voltage, mixed frequoncy activity. :

Movement Time (MT) - Scoring epoch during which the polygraph
record is obscured by movements of the subject.

Stage 1 - A relatively low voltage, mixed frequency EEG without
rapid eye movements (REMs).

Me 2 - 12-14 cycles per second (cps) sleep spindles and K
complexes on:a background of relatively low voltage, mixed
frequency EEG activity. .

Stage 3 - Moderate amounts of high ahaplimile. slow wave activity.
Stage ¢ - Large amounts of high amplitude, slow wave activity.
Stage NREM (non-REM) - Stages 1, 2, 3, and 4 combined.

Btage REM ~- A relatively. low voliage, mixed frequoncy EEG in
conjunction with episodic REMs and low amplitude elestro-
myogram (EMG).



It is recommended that the above stage designations bo used instead of
othsr texrms. Some of the terms which have been previously used and which
JoREer congiere ITADIQ arc:

ey ystmy

For Stage 1: descending Stgge 1, sloep onset 1, pure 1, tramnsitional
slecp; drowsy sleep. low voltago-fast, Stage B.

‘For Stage 2: spindlc slpep. Stage C, light sleep.

For Stage 3 and/or Stage 4: transitional sloep, delta sleep, slow eleep,
slow wave sleop, light sleep, doep sleep, quicet sleep, orthosleop,
telencephalic slecp, Stages D and E.

For Stage REM: paradoxical sleep, rhombencepbalic sleep, Stage 1-
REM, sctivated slecp, fast sleep, low voliage-fast sleep, deep
sleep, light sleep, desynchronized sleep, D-state, urchisleep,
paragleep, emexgent Stage 1, ascending Stage 1, Stage 5.

Altlmug!i the ‘eo‘lg_gieal correlates of behavioral sleep remain a con-
tinuing research issue, gererally, siccp has boon polygraphically defined by

Stages 1, 2, 3, 4, and REM. The same working definition ig used hers.

Techniques
————ie
As the quality and characteristics of a polygraph tracing depend upor ths
techniques used, the designation of criteria for scoring stages of sleep and
wakefalness would be uscless without some standardization of technique.

EEQG Recording

A minimum paper speed of 10 mm/sec is rocommended as the slowest
which will permit clear visunl resolution of alpha and sleep spindle frequency.
Time constants shorter than 0.3 sec should not be used. Sclective filtorin
below 20 eps should be reported. A minimal pen deflection of 7.5-10 mm for
$0 microvolis (u¥) is recommended; otherwise low amplitude slecp spindlos

may ¢SCape aeu;etion. Elcecirode resisiances should not oxceed 10K ohng at
the beginning of the recording.

EEG paitexns, and thercfore the scoring of stages, may vary according
(0 placement and dorivation. Idoaily, a standard array might include a lerge
number of placements which would yicld comprehensive regional information.,
However, regional difforences are not critical for the seoring of sleep slages,

excepl insofax as certain crifical types of aciivity, i.e., alpha, vertex -
sharp waves, sleep spindies, K complexes, and deliz waves are adequately
registored. Further, the wide use of cight channel clectroencophalogeaphe
and n desive (o maximize duta acquisition by running two subjecls on cach
machine often limits the channels of information from oach subject to fouy,
For rcasons to ba claborated in a laler scclion, lwo cye movement channalg
and one EMG channel are considered minimal; EEG information would
accordingly be limited to onc channel. It is thcx;%’n

g;& fgcossary lo specify
the single optimal EEG derivation whick can be & ently recommended

for scoring sleep siages unless there ave Eglhﬁﬁt'ng reasons for doing
otherwise..

When EEG information is limited o one derivation, the recommonded

derlvation is C4/A1 oxr C3/A2 (Fig. 1). E‘;t;hcr the right or left side may ha
v codud

used, since the EEG paiterns from ﬂomgfogous areas are generally synchro-

nous.

Sleep spindles, K complexes, and vertex sharp waves are cleacly
recordod from the C3 or C4 placements, and high voltage slow waves show
maximal or nearly maximal amplitude if the reforent maximizes Intercloe-
trode distance. Although aipha rhythm is belter recorded from ocelpitsl
axcas, there is adequate registration at C3 or C4 to pormit & proclsc oval-
uvation of slaep onset according to EEG eriteria.

The opposite car oF mastoid (Al, A2) is prefoxred over scalp referents
becauge the ear or mastoid placoment is also used as the recommonded
reference for elecirvodes that yocord cye movement potentials. In addition,
uge of the enr or mastoid reference maximizes interelectrode distancs and
avolds mixing dctlvity from two different sealp aveas. ‘

The advantages of standardization are obvious. In the collective exper-
fence of the Committee, sleep stages may be adequately scored using EEG
information obtained from the recommended derivation. If multiple channels
of EEG Information can be. recorded, and special studios make additional
derivations desirable, tho results from the additional pmﬁcnts,‘should be
compared with the results from C3/A2 (or Ct/Al) and flli ditforences.
roportod If they exist. There is no problem regavding Interlohoratory compa.
rability in seoring when multiple EEG channels are available, since C4/AtL
(or C3/A2) will:always be Included in the array. lowever, when only cac
channot is recorded, presumed advantages of othor placements must ba .
carefully weighed agninst the obwious advantages of a standaxd EECG techniquo.



which maximizes comparability and replieabilily.* TIIE EEG CRITERIA
FOR SCORING SLEEY STAGES SIIOULD ALWAYS BE BASED ON TRACINGS
OBTAINED FROM C4/A1 OR C3/A2. A schématic illusiration of these clec-
trode placements is given in Fig. 1,

Eve Movement Recoxding

To climinate confusion between oye movement potentials and olher
gignals which resembie them, at least two channels are nceessary for re-
cording eyc movements. The recommended procedure is 1o record on onc
channcl the potentials from an clectrode approximaicly 1 em above and
slightly Intoral to the outor canthus of one cye and a reference clectrode on
efthor the homolateral car lobe or mastoid. On the sccond cye movement *
channel are recorded the potentials from an cilectrede 1 em below and
slightly latexal {o the ouier canthus of the other cye referred to the contra-
laleral oar or mastoid, L.e., both sycs arc reforred fo the same ear or
mastoid electrode. This arrangement is shown in Fig. 1.

Becanse eye movements in Stage REM and wakefulness are binocularly
synchronous, the suggested arrangement produccs out-of-phase deflections
on tho two channels for almost all eye movemcenis. Apparatus artifncts
ugually register as in-phase deflections or deflections on one channel only;
artifacts from onc of the outor canthus elecirodes register as deflections on
only one channcl; artifacts from the referent clectrode register as in-phaso
deficctions on the two channels. Thus, the out-of-phase defleciions produced
by eye movements are easily distinguished from artifacts.

The %gxc Srray for detecting eyc movements has some disadvantages.
Ceriain © iq& eye movements can result in rclatively flat tracings, as when
& potential {rom the horizontal component of the eye movement is cancelled by
an opposite potential from the vertical component. Alse, comvergent eye

movemends gencrate in-phase deflections with this arran%t However,
both of -these situations are of minor imporiance because abu #nt out-of~

phuse deflections ave usually pregent at the same.time. Further, the dbove
array docs not permmit any dillerendiation of horizental and vertical eye

Lsmams the standard derivation is co important, it is advisable to
rrgzans the subject with botn €3 and C¢ electrodes and Al and A2 elec-
trades, even though only ore pair of these may be racorded. This prior
preoeniion would cnable tie {nvastigator to snuange from one elactrode
Paiy $o angbhey in tie event that avtifaet develops, and thus preserve

movements. Such diffcrentintion can be accomplished with ths use of a
supranasion referonce, which produces in-phase doflections on the twe
recording chaanels for vertical oye movemonis. Howover, thesc vertical
eye movemenis could be conlused with artifacts. Alse, the use of a supra-
nasion refercnce could result in the introduction of considerable EEG signal
in the cye movomont teacings, These arraye with AC recordings do not
yield precise information about the direction, size and speed of oye move-
menis, ¢.g., large pen dellcetions could result ivom large horizontal eye
movemeonts or from a summation of the horfzontally and vertically indused
potcntials in certain smalier oblique eye movemenis. ‘The recommended
array is intended to provide an economical arrangement to survey eys
movements per sc for the scoring of Stage REM. Measurcments of the

proeise characilerisiics of those eye movements can only be accomplished
with other fechniques.

Where spocific information about dircefior and aize of cye movemeonts
is required, a four channel arrangement i3 suggested where electrodes hord-
zonial to the outer canthi as well ab infraorbital and supraorbital elgctrodes
arc cach pairved with the same car or mastoid elecirode and sccorded a

aseparate channal. Where specific information about eye position is required,
DC recording must be introduced.

A minimum gain of 7.5 mm for 50 ,V is recommended for eye movement
recordings. Because ¢ ctootion of slow eye movements is helpful in the
analysis of a record, time constants faster then 0.3 sec should not be used.

EMGC Recoxdin

The recording of EMG from muscle areas on and bepeath the chin
{mental, submental) is strongly recommondad because of its impertance in
the scoring of Stage REM which will bo discussed later.

Because tonic EMG activity during sleop may be at & relatively low.
level, high gains shouid be used, preferably 20 ,¥/cm or higher. A mini-
mum of high {requency filtering should be used, at very high gains
it is occasionally nccessary to filter out AC artifacis. Time constanis of

a otandard record. This "sparsz'" aould also bs used as a refersnce
electrods for E0C recordings. The use of only a single sar lobe or
mastoid refsrence elsctrode is suggssied in contrast £o ore slinieal
practice in which reference slectrodes are joined in parailef.



Biage W

Biage W corvesponds o the waking siate. I is characierized hy alpha
activity end/or u low velluge, mixed frequency EEG.

. i . fe'lvavl-n' sch
Cerloin subiects {alpha producers) may have a virlzally contlnuous

alpha vecond; other subjocls may show little or no alpha activity in the
waking record, This stego is usually, but not neeesserily, accompanied

byra rélaﬂvely high. tonic EM(, and often REMs and eye blinks are present
in the EOG. tracing.

The seore "MT" is asaigned to cpochs which immediately preceds or
follow zleep stages, butin which the EEG and EQG tyacings ars chacured
in more than half the epoch by muscle tersion and/or amplificr bloelking

artifacts asnociated with movement of tha subiect. Where the EEG and EQG -

repond oan be seen in more than half the epoch in spite of the ariifecis, the
reoord is scoved according to the MEBG and EOG paitern. MTia

‘not counted with either aloep ex wake time but seored as a separate category
unless the invesiigator specilies otherwise. Not. cinot!gh is known about the
behaviorat correlates of MT to classify it UNAMABIEGOUS Y as either sleep or
wakefulness. Where an epoch is obscured by muscle tension and/or ampli-
fier blocking ariifasts but is immedtately preceded and followed by Stags W,
the epoch iz scored Stage W rather than MT.

MT should net be confused with the scoring of discrete body movements
which may be of relatively short duration. Body mwmnt?m
by a0 many devices, and they can be dofined in such a largs variety of ways
asvording to the investigator's interest, that it is left to each investigator to
dosignate hs own criteris (e!g., Rochtschaffon, Wolpert, Dement, Mitchsll
and Figher, 1963). Body movemenis ave niot (o be considered epoch scores

fa the sams sense as MT. Body movements should be congidered specifia
physiological events which can occur during MT or during stagss.

Both MT mnd body movements ave o be distinguished from movement
grousals, which will assume some Importancs in the scoring of stages to ba
iscusaed later. . A movemont arousal will be defined as any increase in
EMG on any chonnel, which is aceompanied by a change in pattorn on any
additional channgl. Fer EMC channels, the chawnge in patiern may consist
of clther an increase in amplitude ofthe. EMG signal or an amplifier blocking

iifact. For EOG channcls, the change’of pattsitiii may consist of either the

& rrence of EAMG agtivity, -amplifier biccking artifacta, or blink artifacts.

¢ EEG channels, the change of pattern may consist of cither a decrease

"%, amplitude, an increase In alpha activity, a paroxysmal burst of high volt-

? o notivity, the presence of EMG activity, or amplifior blocking arﬁt%gm.
ment arousals are not uscd as epoch scores, nor nced they be £al od*

&4 reported. The major purpose in definlng movement arousal is to aid in
georing of stages by signalling the possibillty of stago changes. For
mple, the intoxprotation of a short interval of relatively low voltage,

& ixcd frequency EEG which follows Stago 2 will depend on whother the

ﬁgcrvhl follows n movement arousal. Where thore is a movement arousal,

thore is greator confidence that the subscquent intoryal represents a parilal

#arousal” io Stage 1 ratbor than a simple iransient lnpse of spindles.

. v
Mlim_nﬂ a score 'of MT is used %‘aﬁ:&%{ﬁ“ﬁz{ ':apochs which are
tly obscurcd by movement artifacts. Body movements are not con-
ored cpoch scores; they aro conmsideved discrete physiological events
tch occur during epochs. The criteria foxr defining body movements are
1Bt en Fl to the individual investigator. Movement avousal, which is

’ y defined in this propesal, Is not uscd as an epoch score as is MT,

sor is it intended Primarily as a measurc of body displacement as is body

fovement. Movement arousal i3 intended primarily as an aid in the
rving of stages inasmuch as an incrcase in muscle activity during sleep

Jhisos the possibility that the continuity of the provailing slecp stage has
disturbed in some way.

DBecause MT 'i‘r‘ﬁﬁ%s“mom ‘than half an epoch of movement artifact,
Tt honce relatively laxge movements in most cascs, the criteria for
weoring MT will usually satisfy the criteria for body movements and

¥he tarm "relatively low voltags, mized fre EEG" is prefsrred
Rer other terms previously used to describa ithe EEG pattern which is
Baracterisiie of Stage 1 and Stage REM. The term "Stage 1 EEG” is
% be avoided, because the pattern also occurs in Stage REM and it
@:ld cause confugion to speak about "a Stage 1 EEG in Stags REM".

g2 term "low voltage record” should not be used, baecause it doss not
gouvrataly deseribe the EEG of Stage 1 or REM. According to the term-
Bolagy of the Intermational Federation, this term denotes a record
Bt “flo phythmic activiiy above 10 uV, no activity above 20 ub”.

gty of the vevtex sharp waves of Stage 1 and many of the saw-tooth
23 of Stoge BEM excesd 20 V.




movombnt aréusals:" Similarly) ths'oritoths for Body 'Higvemtnts will usinlly
satiafy the rather minimal requirements for movement arousal. -However,
tho converse of thesc statemonts nced not be true. Body movements mey bo
of relatively short duration and fall far short ef the eriteria for MT. Move-
mont arousal need indicate only some increasc in muscle activity and does
not necessarily involve the substantial spatial displacemoent of the body which
is implicd by body movement. Movemoht arousal could rosult frem an
isolated small muselo contraction, a Ygbrods blink, or a facial grimace.

Stage 1

Stage 1 is dofined by a relatively low voltage, mixod frequency EEG
with a prominence of activity in the 2-7 epg ranve.* The faster frequencies
are mostly of lower voltage than the 2-7 cpe activity. Stage 1 occurs most
often in the transition from wakcfulness to the other slecp stagea or follow-
ing body movements during sleep. During nocturnal sleep, Stage 1 tends to
bé rolatively short, ranging from sbout 1 to 7 min., The higheat voltage 2-7
ops activity (about.50-75 V) tends to occur in irregulaxly spaced bursis
moatly during the latter portions of the siage. Also during the latter portlons
of the stage, v sharp waves may appear, often in conjunction with the
high amplitude 2-7 cps activity. The amplitude of the vortex sharp wave i3
occasionally as high as 200 V. Scoring of Stage 1 requires an absclute
ahsence of clearly defined K complexes and sleep spindles. Traces of low
voltage activity at' 12-14 cps may begin to appear as the transition to Siage
2 opproaches, but this activity is not to be defincd as sleep epindies until the
rhythmic bursis are clearly visible fox 'at least 0.5 see, at which time they
define the prescoce of Stage 2 (see below)., Stage 1, especizlly following
wakefulness, is characterized by the presence of glow eve movements, sack
of several seconds duration, which are usually most prominent during the

The term "low voltags fast record" . is rejected, not only bscouse it
{8 rejected by the International Fedsration, but aqles becquse tha EEG
of Stages 1 and REM contains a considerable amount of activity in the
2-7 cpe band. The most lar term hérétofors used to describe the
EEG of Stages 1 and REM been "low voltage, randem”. This tewm is

now rejectad bscause, according to the terminology of ihs Intermational

Pedsration, "random" means "rscurring at <{nccnstant time intervals”,
rathsr than denoting a mizturs of fraqusnciss:

vifons of the singe. Rapid eye movements are absent. Tonic EMO
-¢ usually below those of relaxed wakefulnése'.l ’

fransition from & low voltnge waking record fo Stawe 1 is charae-
W a ized glowing of the EEG. The tvansition {rom an alpha
» Stage 1 is characterized by a deerease jh the amount, araplitude,
sency of alpha activity. When the amount of record characterized
activity combined with low voliage activity drops to less than 50%
weh and is replaced by relatively low voliage, mixed frequency
the epoch is scored as Stage 1,

etage is defincd by the presence of sleep spindles and/or K com-

13 the absence of sulficient high amplitude, slow activity to define
mee of Stages 3 and 4 (see balow),

presence of a sleep spindle should not be defined unless it is of at
isec duretion, i.e., one should be able to count 6 or 7 distinot

thin the hali-second period.2

roplexes are defined as EEG wave forms having a well delinented
sharp wave which is immediately followed by a positive component.
. duration of the complex should cxceed 0.5'sec. Waves of 12-14 .
or may not constitute & part of thé complex.3 The K compiex is

maximal over vertex regions, K complexes can occur as 2 res-
sudden stimull, but they also frequently. oceur in the absence of any
@ stimull (Johnson and Karpam, 1968). Other.polyphasic high

ore detailed, differsntiated desoripticn of EEG changes in the
on from wakefulness to sleep, the veadsr is referred to Roth

the term "gleep epindles” has been widely used in sleep
this term will be retuined. The term should be used cnly
the aqetividy betwsen 12 and 14 epe.
i ilevgprueh
finition of K comples Tx'et warvmmos uith the dafinition of.
inology Commitiee of the Internaiéional Fsdervatitm which is as
"Combination of vertex sharp waves ond eigma paroryem,

%‘ spo::tmea’usly and sspecially in responsa to sudden stinmii
ep. *



tage slow waves cocurring paroxysmally which do not have {he precise
ephology of the K complox are also froquently scen during Stago 2.

Becouse sleep spindies and K complexes are teansiont phunomona,
iativoly long perieds may inlcrvone belween those cvents without the
mrrence of o stage chango. If less than 3 min of record which would
inarily mect the requirements for Stage 1 intervenc between sleep
wdles and/or K complexes, Lhese inlervening epochs are (o be scoved
e 2 if there Is no indication of movement arousal or pronounced Increase
muscle tone during the inicrval in question. ¢ If the interval without slecp
Indles or K complcxes lasts 3 min or longer, the interval is acored as
ize 1, oven If it contains no movement arousal. If mevement arousals or
{reases in muscle tofe do occur during the interval in question, tho por-

- of the record prior to them should be scored as Stage 2, The portion

record which follows should be scored as Stage 1 until the next slcep

indle or K complox ocours, provided, of course, that the apoch rogquire-
enis and oriteria for Stage 1 are otherwise met.
1 N pi

I

iga 3

o . Ly £ ey
" Stage 3 is defined by an’EEG rocord In which at lenst 207 gj%t net mors = &4

on 50% af the cpoch consists of waves of 2 ops or slower whic ve amp- ~ o

mdos gréater than 75."Vgom peak to peak (the difiercnce between the = lifen

est negative and positive points of the wave). The figures "20%" and "50%"

fer-specifically to the time occupied by the high amplitude, slow waves and

i not Include intervals of higher frequency snd lower amplitude activity

twsen these waves.5 In aetual seoring practice, it will be negeasary to

ako wave by wave measurements only for eposhs with borderline smounis

he selection of a 3 min interval ugs avbitrary. It was based upon
w Judgment that inter-spindle intervals of that langth might occup
\thout g stage change although such oceasions would be ravs.

In determining the percentage of an spoch which agntgins waves of
5 eac or slover and greatsr than 75 yV, a certain amount of wi-.
iiability will be introduced becaquss it is scmatimss diffioult to
ifine @ vave by vgﬁal inspaotion. For emample, it s nob aluays.
lsar whether two JoRELY potentiale of the some polaevity repra-
mt a eingle slow wave with & smll wave of oppositd polarity
ipartaposed, or whether they représent two ssparats, faster waves.
y aatimate the wnreliobility intraduesd.by suck amjiduitiss, thres
mbere of the Comittes ecored 38 sslscted epochs of 30 asd.

f high amplitudo, slow wave activily, i.e., about 20% and 50%. For most
8.ocks, judgmonts about Stages 3 and 4. can.be made.by comparison.with: the:
‘@acings shown in Figs. 2-5." Figs. 2 and 4 préscat EEG tracings which are
st below and just above the threshold for differentiating Stages 2 aund 3.
E gs. 3 and 5 present EEG tracings which are just below and just above the

Freshold for diffeventiating Stages 3 and 4.

As noted in the original Dement-Kleitman eriteria, an attempt should be

e to distinguish between spontancous K complexes and delta waves, al-
though this distinction is not always easy. Slecp spindles may or may not be
present in Stage 3.

Siage 4

Stage 4 is dofined by an EEG rccord in which more than 507 of the cpoch
gonsisls of waves of 2 cps or slower which have amplitudes greater than 75

Buration each for a percentage of the epoch which contained "acceptable®
Flcs vaves, In the test cample used, these percentages ranged from
about 358 to 80%; about two-thirds of the epochs fell in the narrousr
fvge batueen 903 and 603, i.e., the range in which reliable differen-
Eution of Stages 3 and 4 is most difficult. The .rank order correlatioms
hotueen pairs of ccorers on amownt of high amplituds slow activity were
%4, .94, and .91.. Apparently, the mb,;g ities tnvolved in the measuve-
né of EEC waves are not so great or previlent as to interfere with
Liadle seoring of the amount of an epoch which comtaine the spcci{;l.:d
vove activity. The above reliability coefficients, however, should
t 2e conjused with the reliabilily of scoring Stages 3 and 4. In
tuzl practice, a failure to score wave by wave in doubtful cases
Ud rasult <in lower reliabilities for stage scoring. On the other .
g:i, actual records of continuous sleep may not be so hequily biased
B8 the leat samples with spochs of about 50% "acceptable" alow wave
@oiivity, and the reliability of scoring Stages 3 and 4 could be higher
b bie eosfficients cited above, depending on the care and precision
" the seopers. )
e ol e
202 uas congiderable discussion in the Conmittee about the wisdom of
2lyiig an amplicude eriterion in addition to a freguency criterion for
o 2uGring of Blages 3 ol 4. Amplitude io influenced by several
il puavd fewn ceechial activily., These tnelude: alecirode
Riesakng, bime eonstunts, electrode placement, and interelsctrods




uV peak to peak, Although only slightly more than hulf of an opoch may
astuaily contain high amplitude, slowswaves which meot the ahove epecifl-
dations, most Stage 4 cpochs have the apponrance of being completely
dominated by this activity, Intervals of lower amplilude, fagler astivity

rarely persist for more than a fow sceonds in Stage 4, but arc usually prom-
inent in Stage 3 cpochs.

Sleep spindles moy or may not be present in Stage 4.#
Stage REM

Stage REM is defined by the concomitant appearance of rolatively low
voltage, mixed froquency EEG activity and cplsodic REMg. The EEG patiera
reserablos the one described for Stage 1, oxcept that vevtex sharp waves
are not prominont in Stage REM. Alsc,' in Stage REM distinctive "saw-
tooth" waves (Berger, Olley and Ogwald, 1982) frequently, but uot always,

dietancs. The vartance introduosd in the gmwnt of Stages 3 and 4 by
thees factors will bs minimised by standardisation. .

Other potential dstemmingants of EEG amplituds such as skin resistance
ond individual diffevances in slow wave foci ars difficult to evaluata.
Howsver, some implicit amplitude criteria are aluways involved in the
visual discrimination of specific EEC activity. When the wave form is
complex and highly characteristic, as in the slesp spindle, amplitude
v 88 contributes littls to the detsction procsss, i.e., signal to
%&c ratio. In the case of glow wave activity whars wave form is
sscondary, the major factor for easy dstection, asids from frequency,
i litude. Thus, for purpgsss of scoring and partiocularly for
raliability of ecoring, détsction end rating of siow wave activity
nust require an explicit awplituds criterion. Therefore, the question
of apecifying the gmsc scoring parametsre of Stages 3 and 4 is the
a

major problem, r of factore entered into the desision of the
Commitiee.

With regard to the amplituds critsrion, there wae no question. that, al-
though the results of measures of silcw wave activity wiich stieds tas
amplitude paramster and thoss which minimize it are higaly corralaied,
there are ecme differvencas which made a choice move than acadenie,

The following sumnarizes tie regeoning of the Conmities’s oloicse éo
utilize a relatively iigh amplituds criterion for dslta activicy in
the ecoring of Stages 3 and 4.

-appear in vertex and fromtal regions in conjunciion with bursis

of REM.
Alpha aotivity is usun somewhat more prominept during Stare REM than
during Stage 1, and the frequency is gencrally 1-2 cps glower than during
wakefulness (Johnson, Nutc, Ausilin and Labin, 1967). As with tho EEG of
Stage 1, there is an absoluic absence of slecp spindies and I complexes.

Stage REM should not be scored in the presence of & relatively elevated

nic mental-gubm: (Berger, 1961; Jacobson, Kales, Lehmann and
Hocdemeker, 1964). 'The term "rclatively elevated" requires explanation.
At the high gains used for EMG recording during sleep, using surface elec-
trodes it ie difficult to define the absence of tonic EMG activity; ever when
the EMGQ tracing is of very low amplitude, there is almost always some
reaidual fast activity which could represent either EMG activity or noise.
Neither is it possible to define absolute EMG amplitude in & useful way,
becanse ampHtude varies considerably from subject to subject and with
electrede position. However, for any given recording aession with any
‘given subject, tonic EMG will show considerable variation about which it
is useful to make some relative siatements. Specifically, during Stage
REM the tonic mental-submental EMG tracing is not higher than the level
during the preceding slecp stage. It almost always reaches its lowest
levels during Stage REM. These low levels may or may not be reached
during the other sleep stagos, but they are reached during wnambignous
REM periods. Therefore, a low amplitude EMG contributes little to the
scoving of slecp stages, but the prescnce 8.1. 2 'quﬁqgly elevated" tonic
EMG contributes to ﬁyp};{ng information by preﬁuémg the scoring of Stage
REM. There are infrequent ccoasions during Stage REM, especially in
associstion with vigorous bursts of REMs, when the EMG tracing may show
a slight transient inerease in tonic activity or bursts of phasic activity for

Footnots_continued jrom page 7

a) Although some extra-cersbral determinants of amplitude stond
as potential smif variance in measures which emphasize
anplitude, as ab research has shown, this variance is
not so great as to precluds rslationships between such
megouresd and other empirical variables.

A large majority of the Committse feli that the sleep EEG
vould not be adaquately deseribed by a ecoring system which
did not attend to the marked amplituds variations which ars
ona of its most prominsnt featurss.,

'b)

o). Host published EEG olesp research has utilised.on anplituds
gritarion in thé scoping.of.Stoges 3 and Jj"&‘?ﬂfiaﬁ"of such
a’griterion provides some continuity with this resgsarch.



veral seconds, For purposes of slage scoring, these transiont changes
1y be disregairded.

stures of Stage REM and sleep spindlies
' hoanpteachli
There arc occasionsd" mhbttl.;:(glrl'r‘ﬁ? the Orst REM porfed of the night,
sn slecp spindles a C }gﬁrgngtst;a with REMs and the EMG remalns at
1 Stage REM level throughout. The scoring in these situations is hascd
i the following two principles.

1, Any seoction of record contiguous with Stage REM in which the
EEG shows relatively low voltage, mixed frequency is scored
Stage REM regardless of whether REMs are present, providing

EMG is at the Stage REM levol and there are no Intorvening
movement arowsals. (Sltuations which involve movement
arousals will be discussed later.) :

2. ‘Aninterval of relatively low voltege, mixed frequency EEG
record between two sleep spindles or K complexes is con-
sidercd Stage 2 repgardless of EMG level, if there are ne
REMs or movement arousals during the interval and if the
jnterval is less than 3 min long. (This is sfmply a reitera-~-
ton of the rules for scoving Stage 2.)

Examples of application of these rules are given below and illustrated
iematically in Fig. 6. The letter designations of the illustrations corres-
Wl to the letter designations of the text. ‘

A. A single sloep spim'll‘e' oceurs in an epoch during which ERMG
is at the Stage REM lovel. The preceding and succeeding

sartheléss, tt 18 recognized that measures of alow wave aee{,uita

toh minimise amplituds might yisld the sams smpirical relationshipe
the msasure chossn by the Committes.  Also, it is possible that
ternative measures of slow vave gotivity might have a usefulnsss gnd
pivical significance not enjoyed by the Wchosm. . Therefors,
¢ ssleciion of the Camittee should not détér investigators fram

ing measures of slow wave activity othsr than the ons suggestsd have.
sever, i1t is

that dsparture the criteria specified
re bs reportsd in detail. ® from

coniplezas ogn be substituted for slesp spindles in all of thess
Lustrations. - :

epochs are Stage REM and contain no sloep spindles. The ecpoch
containing the sleep spindle is scorod Stage REM bocause all of
the epoch pirecoding and following the sleep spindle is: considered
Stage REM" under rule #1 above.

n a 30 sec epoch, sleop spindles occur at the 10th and 20th
seconds. The precoding and succeeding epochs were Stnge REM.
The first and last 10 see of the epoch contnining the sleep
spindles ars consjdered Stage REM under rule #1. The middle

10 sec is considered Stage 2 under rule #2. Because two-thirds
{more than half) of the epoch is Stage REM, the epoch is scored
as Stage REM (IHig. 6, illustration B ). If, in the above situation,
the sleep spindles had occurred at the Sth and 25th seconds, then
two-thirde of the epoch would be considered Stage 2, and the
epoch would be scored Siage 2 (Fig. 6, illustration Bz).

There are thred successive cpochs during which the EMG is ot
the Stage REM level; except for the sleep spindles to be noted
below, the EEG is relatively low voliage, mixed frequency.
REMgs occur during the first 5 sec of the first epoch and during
the laat 5 se¢ of the third epoch. Sleep spindles occur at the
20th sec of the first cpoch and during the 20th scc of the third

epoch. There are no REMs or sleep spindles in the middie
epoch.

The first epoch is scored Stage REM bicausé the first
20 sec of the epoch, i.e., uniil the slecp spindie, is con-
gidered Stage REM under rule #1.

The middie epoch is scored Stnge 2, cven though it
contains no slecp spindles, because undor rule £#2 all of
the record between the two sleep spindles is considered
Stage 2.

The third epoch is scored Slage 2 becauso the first
20 sce of the opoch is considered Stage 2 under rule #2,

Btart and End of Stage REM

The major problem in scoving Singe REM is the determination of the
Preeise points at which REM perleds hegin and end. This problem arises
Primarily from the fact that three indicators, EEG, EOG, and EMG activity,



which are used to define Stage REM may or may not change simultancously.
To aid in the dotormination of Stage REM onsct and termination in Instances
where the three indicators do-not change simulianoously; the-following:

gdoring problems ave prescnted togother with the seerlng recommendations.

1.

Start of Stage REM

Schematic illustyations of the rules for starting Stage REM
are presented in Fig. 7. The lotter dosignations of the illusira-

tions corrcspond to tho letier designations of thio text below.

A.

Sleep spindlos and K complexes stop and the EEG changes
to relatively low voitage, mixed frequency for one or more
epochs before REMs start. Scoxe all the record from the
last sleep spindlc or K complox ag Stage REM If the EMG
duribg the epochs before REMs ig at the  game lovel as
after REMs and if there has been no intervemng move-

ment arousal. Score the record up sleep
spindle or K complex as Stage 2 {¥1% é@?gﬁ'ﬁ%?ﬁu’
level. In rare instances where there is a progression
from Stage 3 or 4 to Stage REM, a parallel rule applies,

except that slow wave activity is substituted for slesp
spindles and K complexes.

Sleop spindles and K complexes stop and the EEG changes

. to relatively low voltage, mixed frequency for an 'interval

of one or more epocis beforc REMs start; EMG remains
at a relatively high level for some portion of this interval
before it drops to the Sta.ge REM level Score Sm@ REM

REMs occur before any addlt!onal sleep spindles or K
complexes appear. The portion of the record following
the last sieep spindle or K complex and prier to the EMG
drop is considered as part of the precedibg stage (usually

Stage 2) unless it is 3 min or longer, in which case itis
goored Stage 1.

Sleep spindies and K complexes stop and the EEG changes
to relatively low voltage, mixed frequency for onc or more
epochs before REMs start; during these epoehs there is a

movement arousal. Scorc Stage REM at tho point following

the movement arcusal at which the EMG tracing is reduced

10

to the Stage REM level providing there is no indication of
a change to Stage 1 (sce discussion under End of Stage
REM, secctioh C, page 11), I[ the interval between-the
cessation of slcep spindles and K complexes and the
movement arousal is less than 3 min, it is scored

Stage 2 (Fig. .7, illustration C.). If the fnterval i3 8

min or longer, it is scored Stize REM (Fig. 7, illus—
tration C

2)'

Sleesp spindles and K complexes stop and the EEG changes
to relatively low voltage, mixed frequency for an interval
of orle or more epochs before REMs start. During this
interval, there is 2 movement arousal, and tonic EMG
remains elevated for one or more epochs foliowing the
movement arousal before dropping to Stage REM level,
Score Stage 1 for those epochs following the movement
erousal during which’EMG is relatively elevated. Score
Stage REM when the EMG drops to the Stage REM level
following the movement arousal. The cpochs of relatively
low voltage, mixed {roquency EEG which procede the
movemeont arousal are scored Stage 2 or Stage REM
according to the 3 min rule cited under "C" {ahova).

End of Stage REM

Schematic illustrations of the xules. for ending Btage REM

are presented in Fig. 8. The letter designations of the illustra-
tions correspond to the letter designations of the text below.

A. A peried of rclatively low voliage, mixed frequency

EEG, bat without eye movements follows contignously
from an unambiguous Stage REM. Score as Stage
REM, rcgardless of duration, providing the EMG
tracing remains at the Stage REM lovel and thore are

no intervening sleep spindies, K complexes, or move-
ment arousals.

An intorval of relatively low voltage, mixed frequency
EEG, but without REMs, follows contiguously (no
intervening sloop spihdics, K complexes, dr movement
arousals) from aniunambiguous State REM. Tonie EMG
is initially at the Stage REM lovol but becomes clevated



Iater-in the interval. Score Stage REM up to tho point of
EMG avgmentaiion. Score Stage 1 from the point of EMG
augmentation wtil there is some subscquent indication of
a slage change, which is wsually cither a resumption of
REMs (Fig. 8, illusiraiion B, ) cr the oceurrenss of sleop
spindles and/or K eompluxc:l(mg 8, Mustration Bz)

A special case frequently ariscs wherc & movement arousal.
interrupts the eqniinuity of Stage REM, the montal-submental
EMG quickly reverts o the Stage REM lovel following the
movement arousal, the EEG-remains relatively low voliage,
mixed frequency, and there is 2 resumption of REMs or
change o Stage 2 one or moxc cpochs followlng the move-
ment avousal. The problom is whether to score ths
interval following the movement arouenl and the resumpton
of REMs or change to Stage 2 as Stage 1 or Stoge REM.
There is argument for Stage 1 inzsmuch as o chango to &
relatively low voltige, mixed frequency pattern regularly
follows mony movemont arcusals which Interrupt Stages
2, 3, and 4; thore is no reason to assume that intorruption.
of Stage REM would be immmune to such changes to Stage 1.
On the other hand, the gereral principle remainz that a
relatlvely low voltage, mixed [requency EEG contiguous
with Stage REM i3 to be scored os Stage REM. Although
the decision is difficult, there ave differences between
Stoge 1 and Stage REM, apart from the presence or ab-
scnece of REMgs, which can be used to make & discriminstion
between the two., The Committee thought it best to Ust
general guidelines for distinguishing between Stags 1 and
Stage REM and leave it to ths ecorer to apply these guide-
lince judgmentally,
Leewashiot

In goneral, the seoring of Stage 1 ia’ ttwomd in
proportion to the size and duration of the movement
arcusal, This is based en the fact that, when movement
arousals interrupt other stages, the duration of the
post-movemont Stage 1 s genorally proportional to
the magnitude of the movement.

A-most important indleaticn of Stage 1 is tha-
.presenco ol:alow eye movoments., Alkthough slow
eye movemonts are somctimes present during Stage

REHM, they do not approach the ab&fﬁ&’&fm. magnitide;
and pondular paitern of the slow eye movemonts during
Stage 1. - As long as thore are prominent slow cye
movements following the movement arousal, the investi-
gator ean fesl confident about seoring Stage 1.

Although the EEG of Stage 1 and Stage REM are
very gimilar, there arc some differencos which may
bo usafully noted. Stage 1 scoring is favored in pro-
portion ¢o the amount of alpha a.cklvity immedia w
foliowing the movomont arousal; this guids Iz In LaiNph
with o genoral conception of the post-movement Stage
1 as a trandition back to wnambiguous silcop following a
change in state which approached wakefulness. The
pregence of woll formed voriex spikes favors the
scoring of Btage 1, whoreas the appearance of well
formed saw-tooth waves indicates Stage REM,

3Ilzglpi‘ent signs of sloep spindies and K complexes
may alse be useful in making the difficult discrimina-
tion between Stago 1 and Stage REM following movement
arousals. The point here iz best indfcated by consider-
ing the typical transition from Stage 1 to Stage 2 ut the
bogineing of slesp., Just before well formed sloep
spindies and K complexes appear in the record, dne
can usually datect incipiont aigns of this aclivity, For
example, there may be traces of very low voltage 12-1¢
epe aotlvity scaitered in the rccord which do not porsist
for the full half sceond required to meet the defindtion
of a sleep spindlc; there may bo wave forms which bogin
to appreach tha morphelogy of the K complex, but do not
fulftii the requirement. Whon such "incipient” sloep
spindles and K complexes appear in a relatively low
voltago, mixed frequency rocoxrd which follows o Stage
REM interrupting movoment arousal, thoy may bo taken
a8 supporiing cvidonce that the interval betweon tho
arousul and the incipicnt sipn bas hoon Stago L.



Publication Style

if an abbreviziion for REM i vaéd in a language cthor than English, it

ygeomimended that REM be addetl at the cnd in parcnthescs. . For didcur-
E%mum of the text, the term "REM aleep" may be used instead of .

Stege REM and the termn "NREM sleep™ may be uged instead of Siage NREM.
Stage REM pariods may be designated simply as REM periods. The abbrev-
fation "REM", in and of itaslf, should be taken to mean “rapid eye movemsnt™,
For exzmple, "The subject had 100 minutes of Stage REM, four REM periods
with sn average of elght REMa per minute,?

Some uniformity is needed in the ebbreviations used to indicate quantitics
of sleep recording. It ie suggested that the letter "T" gt the begianing of an
abbreviation always represent "otal" and that percentage alwaye be repre-
sented by the sign 3" at the beginning of an abbrevistion. The leiter "S"
in the second position should always designate 'Stags, " and the third letter
or number should indieate the spacific stage in guastion. Accoxding to this
system, quantities of slcep atages ere given in the form indicated by the
-axamples given below: ’

ISR - Total Stage REM

%SR - Percentage Stage REM
TSN ~ Total Stage NREM

%3N - Percentage Stage NREM
TE1 -~ Total Stage 1

31 - Percentage Stage 1

152 - Total Bisge 2

%82 - Percentege Stage 2

Where porcentages or fractions ore us;od.' it is iuaportant to indicate
clearly the specific numerater and dendiiiboter.

For the designation of paychophysiclogical measures, the term nomen-
slaturs and abbreviations of the journal Peychophysiology arc recommended.

‘Ths above listing of abbroviations m not boe intorproted as necess-
arily tndicating that abbroviations arc cndodragod, but simply suggests a
standardization of abbrevistions in those instances where they are used.

Just es there is saving in *decoding™.{ime when the same abbreviations
are.nsdd in difforent abticles;. s0. thera.is somécase of visusl recognition to
he gained by using a commad format foi the most froquont kinds of graphic

presentation. It is suggested that in histograms, white re ont wakefulness
g}mnl lincs represent slecp, cross-~hatehing represent Siage NREM, and
biack repregent Stage REM. Where it is desirable o represent the Individual
KREM stnges scparately, it is lell to the investigator's ingunuity to design
difforent cross-hatchings or stipling offocts for cach siage.

Where stages are reproscnted bx dilfcrent ordinal levcls, as in fligures
which show the scquence of sloop stages with timoe {(which is demarcaled on
the abscissa), the stages should be accorded the following ordinal positions
{listed from top to bottom): W, REM, 1, 2, 3, 4. The practice of assigning
Stage 1 and Stage REM to the same ordinal level is not recommended because
it increnses the possibility of confusion between the two stages. Vertical

_marks may be used to designate movements. This ordinal axrangement of
Estages was selected because it is convenient, not because it has any additional

gignificance, such a8 a representation of sleep depth. It is now well known
that sleep stages cannot be graded wnambiguously on a generalized depth of
slesp dimension (¢.g., Rechtschaffen, Hauri and Zeitlin, 1966).

‘When the pol h iracings themselves ave presented, it is svggested
that tracings be arranged from top to bottom in the following oxder: eye

movements, EMG, EEG, and other polygraphic tracings such as ECG and
reapiration.

Concluding Corunents

This manval for a standard terminology and scoring system refleets the
consensus of a group of investigators each having many years of experienco-
in the seouﬁ& of lB:;Ilﬂygr=n.1;liic slecp recoxds. Initial discussion rei_realed a
number of I58dee t needed to be rosolved, The development of the manual
required extcnsive discussion, correspondence and revision until cach of
these issues was resolved to the satisfaction of the entire Committea. This
handbook should be viewed as a working instrument rather than a statute.
Many of the docisions made are based upon an undexlying conception of the
orgnnization of sicep stages which future research may prove wrong.
Experience with the manual, may suggest possible vevisions, When these

suggestions accumulate dypreciably, it would seem in order to have a

review of the manual,
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FIGURE 1

Upper drawing illustrates the placement of E1, E2, Al, and A2 cleectrodes  stages. (Sce text, pagses 2-4). This epoch illustrates the onset of Stage
for deleetion of eye movements and also shows two methods for recording lonic REM. Note relatively low vollage mixed frequency EEG, REMs and
WG from mental and submental muscle arcas. Lower drawing illustrates the  sharp decrease in the tonie FMG.
slacement of C3, C4, AL, and AZ cleelyodes for BEG recording of sleep
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FIGURE 2

Comparison of EFG tracings (C3, AZ dervivations) in Stages 2 and 3. amplitude, slow wave activily was almost, but not, quite enough, {o qualify
Tracings from different portions of a sleep record were scleeted as an aid as Stage 3. The percen tuge of accepiable, hish ampliwde, slow wave activity
in (he discriminelion of the {wo stuges. The four tracings on this page arc in each lracing is listed on the vight hand side of the recerdings.

Stage 2, They were deliberately selected hecause the percentage of high '



FIGURE 2 (Continued)

he four tracings on Lhis page were sclected because they show just cnougrh

nigh amplitude, slow wave activity to qualify [or Stage 3. In borderline
instances where there is a queslion of whether ta score Stage 2 or Stage 3,

a enmparison of the record in question with these tracings may fucilitate a
docision, The underlined portions of cach {rucing were considered "aceeptable”

high amplitude, slow wave activity, i.e., 2 c¢ps or slower and greater
than 75 uV peak to peak. These illustrations depict 30 sec epochs recorded
on a Beckman Type R Dynograph with a paper speed of 10 mm/see, a time

constant of 0.3 sce and a calibration of 50 wV/cm. (For Figs. 2-5, sce text,
pages 6-7.) '
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FIGURE 3

Camparison of BEG tracings (C3, A2 derivatiqns) in Stages 3 and 4.
Tracings [rom diflerent portions of a sleep rcecord were selected as an aid
in the discrimination of the 1wo stages,

Stage 3. They werce deliberalely selected beeause the amount of high amp~

litude, slow wave 1ctw1£y was almost, but not guite enough, to qualify as
The four tracings on this page are ~Stage 4.
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FIGURE 3 (Continucd) ‘ I'sec
B four tracings on this page were selected because they show just cnouglh tacceptable' high amplitude, slow wave activity, i{.e., 2 cps or slower and
il;’f\ amplitude slow wave activily to qualify [or-Stage 4. In borderline greater than 75 L,V peak to peak. These illustrations depict 30 sec epochs
Fstances where there is a question of whether Lo score Stage 3 or Stage 4, recorded on a Beckman Type R Dynograph with a paper speed of 10 mm/sec,
¢omparison of the rccord in question with these tracings may [acilitate a time constant of 0.3 sec and a calibration of 50 wV/em.

“eeision, The underlined portions of cach tracing were considered
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FIGURE 4
The Lop three 6 :Lcing ¢ Stage 2 and contai ing percentages of wave activ ty and 1 ify as Stage 3. The tracings depict 20 see epo ochs
high amplitude, slow wave activ Lyl ul not ¢ I t s lf_y[ > Stage 3. Fhe 1 do G s Alode lIV C cleetiro ph log 11 tl a paper speed
. bottom hreg tracings .contain inereasing per Dl ges of high 'mnl 1 d slow., I 1 ﬁ/ !:im stunt of 023 scc and Z'I'cn]ibl f 50 uV/cm.
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FIGURE 5 2 sec
The top three lr:ncin:_, - Stage 3 el eonti wreasing pcrccnt;l;_-;cs of wave aclivity and quadily as Stage b Uhe teacinges depiet 20 see enochs
Bigh amplilwic. slow w cliv t3 1 i notb« I l. uzeli f) for Stage 4. The  recorded on a Grass Model [V-C electroencephalograph with a paper speed
battom e Lracings c-.rmt:lm increasi

ng pureenl of high amplitu l slow ol 15 mm/sece, a lime conslonl of 0,3 see and a calibration of 20 wW/cm
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Schematic illustrations of
rules for scoring the start
See text,
page 8, for cxplanation.
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Stapge W, This epoch illustrates an mambiguous Stage W. Note

. the relatively continuous alpha activity and the REMs.
FIGURES §-22

Epochs from the various stages of subject I are prescnted. The subject For the eye movement and EEG channels calibration was 50 pV/em, . Time

was a 12 year old, normal, male college student. All the tracings are from . constant was 0.3 sec. TFor the EMG channel, ihe time constant-was 0.03 sec,

the same night and worc,rccprdqd'on,_a.{ncc:kman Type R Ds_rno'grnph;;' Each . 1., 1n Figs.:: 8213, the calibration for the EMG channel was only 50 yV/cm in order -
tracing represcnts a 30 see epoch recorded at a paper speed of 10 mm/scc. to minimize ink splattering. In Figs. 14-22, the EMG calibration was 10 yV/em.
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FIGURE 10

Stuge 1. This illustrates Lhe transition from Stage W lo Stage 1 within a cnd of the epoch, a REM and a burst of alpha activity signal a return to Stmre

Single epoch; REMs and ulpha activity at the start of the cpoch are followed by W, but slightly more than half the cpoch is Stage 1, and the epoch is scored
slow ¢ye movements and (he typical relutively low voltage, mixed [requency accovdingly. The relalively elevated MG is maintained in the transition from
KRG of Stage 1 (much activity at 3-1 cps) Lilev in the epock. There are ao Stage W to Stage 1.

verlex sharp waves, which is typical ol the early minules of Stage 1. At Lhe
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FIGURE 11

Stage 1. This cpoch is typical of the carly portion of Stage 1. There arc
slow cye movements and a relatively low voltaze, mixed [requeney
121G throughout the epoeh. Tonic EMG is maintained. There is
only one possible vertex sharp wave (underlined).
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FIGURE 12

Stage 1. This epoch illustrates 2 later portion of Stage 1 with very
prominent vertex sharp waves (more prominent thaua in most
subjects).
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Stage 1, " This cpoch illustrates the beginning of transition from Stage 1 epoch,
to Stage 2. As isoften the case in later portions of Stage 1, slow eye move-
menls stop,  Verlex sharp waves are very prominent (inere so in this subject -
than in most subjects). In the middle of the epoeh, there is 2 burst of activity  may be difficult; conservntxsm in the intorpretation of K complexes is
in the 12-14 eps range {underlined), but it does not last for a full half seccmtl sugrested at this: point bcc'\usc sharp wave activity is so obviocusly present
2, and t]mr(.fore cannot. qumry as 2 sleep. s,p,u,_ndlc for purposcs-.oﬁnscoring the +omang. ummbi.guous Stage 2 has not yot appc'u'ed
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However, the scorér would now be prepared for wmamblguous sleep

spindles which will follow shortly in subsequent epoehs. In such transition
recovds, the differentiation between vertex sharp waves and K somplexes
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FIGURE 14

Stoge 2, This {1lustrates Stage 2 with relatively clevated tonic E H d col .' bvaod l--Cw\ A0 o \/ /C
EMG. The presenco of sleep spindles is unaumbiguous, . ' o



RIGHT EYE - A2

LEFT EYE - A2

EMG

- . ,_,-u-*.«..h..ni:-‘m _,1____: fars, w

FIGURE 15

Stage 2. This illusirates Stage 2 with toniie EMG at thc 1owest
' level attained duxing the rccmdmg sessgion,
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$ae3., Tus epooh Sllwtratos an ennmbiguous Siagn 3. Accoptable
bigh anapliacic, ciow wave activity aopuploz ong-thivd of the

record. 1t 1o wadorlingd Gor conybosio in this ans all the
Siags 3 and Stage 4 opoels which follow.
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FIGURE 17

Star ‘poch lnLtStl‘ atos the fact that NREM stages may or may hot be -
aecompanicd by relatively deerenscd EMG. Shor tly before the middle
of the epech there is a movement ar ousal which disrupts ihe prevailing
slage only momentarily. .Tonie EMG Is relatively low hélore the

movement arcugal and relatively high following it, yct the mwrd is
Stage 3 throughout,
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Skynd, This mprc;iwh a.l.yplnnlﬂ&ufmiumh. Hotn that
sleop spindles may he proesoat in Stoge 4.
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Stapge REM. This epoch illustrates a transition between Stage 2 and Slage
REM. ‘I%e record had heen Stage 2 for some lime prior to this epoch. Just |
hefore the midpoint of the epoch, there is o clear steop spindle followed by a

- K complex. Following the K complex are clear saw-tooth waves (underlined),
whigh herald the appearance of REMs during the last third of the epoch. (Note:

FIGURE 19

that nol all the saw-looth waves have the distincilive notched appearance.)
Singe REM is considered to have bogun immedintely afier Lhe end of the ¥
complex, and to continue for the remainder of the epoch. The interval of
Stage REM occupies just over 50% of the cpoch; hence the eatire epoch is _
considered Stage REM. LEMG is at the lowest level of the recording scssion.
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FIGURE 20

Slage REM. This is an unambiguous Stuge REM with relatively
low voltage, wixed frequeucy KEG, REMs, and EMG
ul the lowest lovel of Lhe vecording scasion. Noto thal
saw-looth waves may or may nol accompany REAMs,
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TIGURE 21

MT. All.h ugh the i clear high amplitude, slow wave activity -
r the d ol the poh the preates tpol. t'l.l p ch
bb red by the movement avtifact and i thc clore scored
as M'I‘ tl r than as a.ny stage. '
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FIGURE 22

This opoch illustrales u test for 60 cycle artifuct, During the Lalter porlion
of the ¢cpoeh, Lhe puper speed is changed from 10 mm/see to 100 mm/see. Al
the latler paper speed, 60 eps artifact would shaw up a8 G very regular sinusoidal
waves per cm; guch aalivity is virtually abseat in the reeord. This iDustratos
that mental-submental BEXMG can be vecorded at high gains without artilact if
froper clecirode attachment is wsed. Large (B In. diameter) lead clectyodes

were used, The EMC recording wag made at a goin of L0 pV/em and a
time constunt of 0,03 soe. There was no flltcring of the EMG vecord
{on the Beckman Type R, the eoupler filter position was #E, nnd the
amplifiers were run with the highs [n). On initial electrode apptication,
the intcr -clectrode resistance for the EMG clectrodes was 300 ohms.
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FIGURLE 23 : 1 sac -

stage W.  This is an unambiguous Stage W with relatively continuous
alpha, muscle Lension artifacts, and RisMs,

FIGURLS 23 - 32

For the cye movement and KEEG channcls calibr ation was 50 yV/em and the

was & 21 year old, normal, male college siudent. Al the tracings arce from time conslant wis 0.3 see. FPor the EMG channel, the time constant was
the same night and were recorded on a Beckman Type R Dynograph. Ench o 0.03 see. Im Wigs. 23-27 the calilyration for Lthe BVC channel was 50 pV/cm,
tracing represents a 30 sce epoch récorded at a paper speed of 10 mm/sce. ~In Figs. 28. -32, the EMG calibration wns 10- WWiem,

LEpochs from the various stages of subject 2 are presented., The subject
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FIGURE 24

Stage W. The Tecord is clearly Stage W in thut more than half tho epoch few minutes holore the development of unambiguous Stage 1. This epoch
is occupicd by alpha activity. llowever, the occurrence of glow, pendulir eye constitutes the fivst of a series of 3 conscoutlve ¢pochs which compactly
mavements In the sceond half of the vpneh heralds the imponding appenrance Illustrate Lho typienl trungitlon [ram Stage W to Stage 1.
of Stage 1. The slow ¢ye mavemunts typically appony severzk seconds §o a
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FIGURE 25
Stage 1. This cpoch [urther illustrates the transition from Stage W (the _ between the alpha activity showiul.a.tivcly low voltage, mixed [requency
preceding epoch) to Stage 1. Although alpha activity is still abundant, ft - netivity, Note how the slow cye movements terd to be assoclated with (he

'1c.counts for only ahout one-third of the Lpoch (underlmcd} The intervals disappearance of Jl])hl :Lctl.vlt}'
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TIGURE 26

Btoge 1, Stage 1is now [irmiy estublished and alpha uctivity
Is almost 1115.0:1!: Vertux sharp waves appear near
the end oi {he crocl.
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Stage 2, In Stagce 2 epochs which follow saon after Stage 1, as this one does,
vertex sharp waves may he very ahundant, These verteX sharp waves should not
e confused with the high amplitude activity of Siage 3. The sharp waves can
Usually be distinguished with case hy their faster [requency, their prominence
it the vertex (not possible here hocause only onc channcl of EEG was rccorded),
'_by_ the fact that they stand out against o hackground of much lower voltage activily,

and by their monophasic appearance. The emergence ol high amplitude,
slow wave activity is usually accompanicd by an overall Increase in back
ground amplitude.  Also note that most of the high amplitude activity in

this sample is not slow encugh to meet the 2 eps eriterion for acceptable
high nmplitude actlvity in the scoving of Stages 3 and 4, The prominent
slow ey¢ movements peysist from the breceding Stage 1.

-



FIGURE 28

Stage 2, This cpoch is ‘1lm0-.t borderline botween Stages 2 and 3. E H G'

approximately 18% of the epoch is oceupicd l}y aceceptable
high amptilude, slow wave activity,
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TIGURE 28

- Stage 3. This, is an unambiguous Stage 3 cpoch,
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Stage 4. This Is an unambiguous Stage 4 epoch.
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FIGURE 31

Stage 2. This ¢poch illustraies a clear iransition belwgen Stago 2 and Stage  followed by rudimentary saw-tooth wayes and a single REM.

& The pact of
REM. The sleep spindles and K complexes shortly following the -middle of the the epoch which would satisfy the requiremonts of Stage REM hegins at the

epoch indicate Stage 2. (The preceding epoch was also Stage 2.) Toward the end’ point of the EMG decrease. Inasmuch as this constituies less than onc-half
of the cpach there is a clear decrease of EMG, which Lhen reaches the lowest the epoch, the entire epoch is scored Siage 2.
level '1Lt:11m.d during the recording.session. . The EMG decrease is shorily




5T EYE - A2

'(GHT{| EYE - A2

(3-A2

FIGURE 32

Stage REM. This Is an unambiguous Stage REM. The {luctuations
of the EMG bascline probubly represent juw movements
associated with regpivatlion.
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FIGURE 33 2 sec

Singe W, _ This epoch illustrates an unambiyuous Stuge W. Note the
RIEEMs, high EMG and relatively continuous alphn aclivity.

FIGURLS 33 - 40

Epochs from the various stages of subjecl 3 are presented. The subject
was a 25 year old, normal, male college student.  All the iracings are frem
the same night and were recovded on 2 Grass Model IV-C ¢lectroencephalo-
graph. Each tracing represents a 20 see epach recorded 2t a paper speed of

15 mm/sec. For the eye movement ihd EEG channels the time constlant was

0.3 sc¢; the calibeation was 50 uV/cm. Tor the EMG clw:rmcl, the time

constant was Q.03 scec and the eadibralion was 10 W/cm. A comparisoen

may be made hetween the tracings from the 8tandard Cl-A U derivation
 which is uscd for scoring . purposes and the F4-Al, O2-Al derivations.
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FIGURE 34

Stage 1. This cpoch illustrates the transition from Stage W to Stage 1. movements are present and a high EMG is maintained throughout. A repetitive
"o the continunus alpha at the beginning of the epoch, then slower fre- artifact is present in the Td-Al derivation.
Ehties appear wilh associated velatively low vollage activily. Slow eye
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FIGURE 35

Stage 1. This ¢poch illusirates the later portion of Stape 1

siage 1. g
with fewer slow eye movements and some vertex
sharp waves in C4-Al,
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FIGURE 36

Stage 2. This epoch illustriates an unambiguous Stage 2,
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FIGURE 37

Stage 3. Thi p ch illustrates a Stage 3 record with approximately
28% ceptable, high amplitude, lo ¥ W 'u:tl.vity.
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FIGURE 39

Stage REM.  This epoch depicts the transition from Stage 2 to
Stage REM wilth saw-tooth waves (underlined), REMs
and decrense in tonjic EMG. REMs ave alse recopded
on I'4-Al derivation. (Sléep spindles were present
just prior to this epoch.)



