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iv. 

SUMMARY 

Available literature was surveyed and criteria compiled for the 

assessment of ijbnormality, particularly as regards paroxysmal 

activity, in the sleep electroencephalograms (EEGs) of infants 

and young children. 

OPSOMMING 

Beskikbare bronne is nagegaan en kriteria saamgestel vir die 

beoordeling van abnormaliteit, veral met betrekking tot paroksismale 

aktiwiteit, in die slaap elektroenkefalogramme (EEGs) van babas en 

jong kinders. 
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1. 

INTRODUCTI011 

The task of deciding whether. activity .. ae.en .. in .the sleep BBGa of 

infants and young children, particularly paroxysmal activity, is 

abnormal. ia a daunting one. . Many of. the .. accepted criteria for 

the judgement of abnormality in.adults' EEGa can not be applied 

to children's sleep EEGa. Criteria which.may be used for 

determining the abnormality of the latter are scattered through­

out the li-terature. au.cl, in .. many cases., . not. easily available. 

However, the .. need. for a. compilation .. of .. these ... criteria is dictated. 
by the fact that in any clinical . EEG. service .. or practice, mo,t 

recordings made from infants. and young .. children are performed 

while the patient 1leep1 ...... Sleep. may. be apoatueous or induced 

and is nece11ary as young patients are .. unah.le .. otherwile to co-

operate so that a satisfactory recording.mar be obtained. 

This report .. provides a compilation. from the literature of the 

criteria for the assessment of abnormality in children's 

sleep EBGs. 

TERMDlOLOGICAL COliSIDllillOIS ... 

Terminology used ha8. obfucated. the .. iaaue... .. . A.rouaal. phenomena. haw been 

given many. namu; ... (l) . Vartex.: 1ha.rp waves (transients), (2) biparietal 

humps, (3) bicentral tran1ient1. (4) v waves. (5) evoked negative 

sharp wavea on the. vertex,.·(6)- .. ·startle.waves� (7) sigma waves (activity), 

(8) spindl••• (9) 1:-wav•• and ... (10) r.-complexea. (l) to (6) appear 

to be�, roughly,:�cleaer�pti� of. the� same. phenomenon •... (7) a&lcl (8) likewise 

describe. the same thing. . (9) and .. (10) are,, . it. appeara, combinations of 

both types of previously-mentioned.activity ,, and are equivalent terms. 

However, attempting to pinpoint .. exactly what various authors have meant 

by each term is not a fruitful. exercise .... . Overlap occurs as a matter of 

historical inexactitude� Of relevance.to the clinical electroencephalo­

grapher is that all types of arousal phenomena are normal. (1) to (6), 

referred to on aggregate as vertex sharp waves, appear with all degrees 

of sharpness in both normal and epileptic groups (Kiloh et al, 1953) 1 . 
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They may, in young children, .be. of such. high amplitude and so spikelike, 

that the temptation to  describe them as epileptogenic is difficult to resist 
(Ki lob et al,. 1·972) 2 although mistaken. Spindles, (7) and (8), may show 

asynchrony even into adulthood • .  However, marked asynchrony after the age 

of 2 years is regarded as abnormal (Silverman, 1966) 3 • Further, as the 
frequency characteristics and paroxysmal morphology of K-complexes may 

closely approximate those of wave and spike activity, caution wbould be 

exercised in describing them as abnormal (Monod and Ducas, 1968) 4• 

1 • VERTEX SHARP WAVES 

These are monophasic (Kiloh et al, 1953) 5 or.triphasic .{Duterte, 1977)6 

sharp waves. If monophasic, they are electronegative. If triphasic, 

the initial component is a small spike, followed by a sharp wave lasting 

50 - 250 ms (that is, 4-20 Hz in frequency)followed by a small spike slower 

t han the first component. Th.et oeeur spon'.t.aneouslY during sleep; 02: �are 

stimulus-evoked during.sleep or wakefulness (Dut erte, 1977) 7
0 If during 

sleep. they are maximal during light sleep. Kiloh et al (19538, 19729 ) 

and Recbtshaffen and Kales (1968) 10 see a maximal incidence of vertex 

sharp waves during stage 1 sleep - when alpha activity,  if present, has 

.disappeared, and low voltage., mixed frequency activity predominates. 
I J Duterte ( 1977) regards this activity as being a good index of stage 2 

sleep (in adults at any .rate). Vertex sharp.waves are phase-reversed 

about the midline, of maximal amplitude in adults at the vertex (that 

is, in the region of the Rolandic fissure), and, in young children, in the 

frontal areas. They are seen in the quiet sleep of newborn infants 

(Anders et al, 1971)12 , and.appear clearly at the age of 5 or 6 months 

(Silverman, .1966) 13, (S'ainson':"'"Dol.lfus', .:e.t -al·:·J9.64) J4. Thereafter, the 

maturational pattern is author�dependent. Silverman (1 966) 15 has a maximal 

abundance. at 3 years of age, with a decline thereafter to 13 years and 

maintenance at ·this level into adulthood.. Dute.rte ( 1977) 1 6 proposes 

maximal amplitude and abundance from 2 to 12 years.. In adults, the 

amplitude appears to be somewhat less than 200 - 250 �v, (Rechtschaffen 

and Kales, 1966 17 , Duterte, 1977 18), i.n children often much more (Kiloh 
19 

et al, 1972) • Vertex sharp waves occur in isolated w·aves or in bursts, 

in a paroxysmal and aperiodic manner. 



2. SPINDLES 

3. 

These comprise runs or .. groupa. of. rhythm:lc--w.a.ve.a. of .. progresaively and 
gradually increasing and then decreasing. ampli.t:ude... The. waves are mono­
morphic t dipµasic.and symmeti:ical with .. respect to the baseline. A 

frequency of. 12-14 Hz .. for the. individual. wave components of .,pindle.a 
appears. generally accepted .. (for example.,. .. by Rechtschaffeu and Kales. 196820 ; 
Metcalf and Jorda� 197221 ; ·Du.terte� ... l91.1��) .... Silverman�-. (1966) 23 states, 
however t that a spindle compone.nt. fre.queucy ... of. 14 Hz is present initially, 
and that 12. Hz. components. only appear .. a.t .. 4 yeara .. of. age. Spindl�a are 
phase-reversed about the midline ....... l'bey-. ara. maxh>al in the prerolaadic 

(frontal) or. central.. areas, oz:. in .. the. poatro.landic. {parietal) areas 
(Gibbs and Gibba, 1950)24 • Asynchrony. of.apia.dlea is.comon in young 

infants, particularly. before .. the age. of. 4. weeka . (Metcalf. and· Jordan, l 972) 25, 
but is. reduced. after. 4 months (Silverman..,. J966)�� .. and .. is t apparently, 
rare after 6 - 8 months .. {Dreyfu•�Brisac .. and. Curzi-Dascalova, 1975) 21 

• 
. Marked. asynchrony. after 2. yeara .. ma.y .. be. abnormal ... (Silverman. 1966)2 8 • 
Asymmetry of spind lea. in. young infants ia .. also common (Drayfus-Brisac and 
Curzi�Dasc:alova, 1 975)29, but is reduced .-aftar�5-t\'9 6 mouth• (Metcalf and 

Jordan, 1972)30 • A degree�of.aaymmetrymay.paraiat to 4 years of age, 

and is only con•idered abnormal if. extreme ... (Dreyfua-Brisac and Curzi-
Dascalova�. 1 975)31 • Spindle• are regarded as appearing only in quiet 

32 sleep (Parmelee et al, 1968) or high voltage slow wave sleep (Metcalf 
and Jordan� 1972) 33

• However t a measure .of. confuaion exista here, as 
Duterte ( 1977) 34,. Samaon-Dollfus et al (H64) 3? and Gibbs and Gibbs 
(1 950) 36 suggeat. that spindles. are. characteristic ... of light elaep; In 
any event, spindles respond to auditory stimuli by attenuation 

37 (Duterte, 1977) • They are rare in.full�term infants before the ige 
of 4 weeks,, but are well-established by . .7 -.8. week• (Dreyfua-Brisac 

and Curzi-Daacalova, ·1975 38 ; Metcalf and Jord&11, 1972
39). Initially, 

spindle.episodes are long (8 - 10 seconds) but at the age of 3 - 5 months 
· 

40 have decreased to 1 - 3 seconds (Metcalf and Jordan, 1972) • · Parmelee 

et al (1968)41 and Dreyfus-Brisac. and Curzi-Dascalova (1975)
42 regard 

the absence of spindles in the sleep of infants aged 3.to 8 montas as 
abnormal. Monod and Ducas (1968)43 state that the appearance of 
sleep spindles is rarely delayed beyond the age of.8 months in normal 
infants. 



3. K-COMPLEXES 

4.  

A degree of inexactitude. prevails regarding tbe . .. aumber of  compoitenta 
constituting a K�complex. Some authors, for. example . Gibbs ancl Gibbe 
( 1 950) 44, Rechtachaffen.  and Kales { 196 8) 45 , itiloh .. e t  al (1972) 46 and 
Duterte ( 19  77) 4 7, regard the . x.�comp le.x. as having 2 .  components . Othera 
(Roth et  al , 1 95348 ; .  195649 ) identify 3 components .. The following 
morphology appears to . encompass most .  of. the .. varia.tiona deacri..\iared, but 

some degree of laxity should be allowed in. the . individual cah . ?he 
first component i s  a surface negative sharp wave,. either .di• (bi-) or 

tri-phaaic, . with a frequency between. 3 and. .. 8_ Hz ao.d . amplitude· between 
50- and 1 50 JIV .  . The second :l s . surface. poaitive., ... aad .. slower than the 

. . first. • .  appearing . wi th a. frequency. of about . 2  .. �- 2 ,5 .. Hz . Amplitude is 
100 - 250 - �v �  Final ly, the K�complex is. constituted by a burst of 
spindles . .  at . 12. � 1 4  Hz . with. a regular . amplitude. of 25 . � 100 µv. The 
total . duration of the K-complax. is o .s to. 4 secoud• � Its ouaet is 

paroxysmal (Duterte, 1 9 7 7) 50 • K-complexes are . phase-reversed about the 

midline t and of . maximal . amplitude . over . the . vertex (Rechtschaffen and 
Kales, 1968)5 1  • .  The latter. authors and. Roth et. al ( 1956) 5 2  restrict the 
occurrence .. of 1{9'.'"complexes . to s tage 2_ sleep.., " However, . K.iloh et al ( 1 9,72) 5 3 

and Metcalf and Jordan ( 1 912) 5 4  suggest  tha� K-complexes are elic ited 
also in deeper sleep stages t . . al though . tbeir. morphology may not be as well-
differentiated a� in stage 2... K"."".::omplexea occur spontaneously or in 

response . to · sudden stimuli. They may . be .. ayokad . inde;finitely in suitable 
· subj ects . if� the inters timulus interval is of .  sufficient . duration (3  seconds 
or more ; . Roth et  al , .  195655) .  They . are. all�r".""none, and are not senaory-
specific , . ( that . is, they occur. to visual,. auditory and tactile stimuli) o 

A more prominent l{'.""complex . h . evoked in response to meaningful (for 
example,. calling . the subj ect ' s . name) than non�ningful stimuli (Metcalf 

e t  al , 197 1)�� . . Roth et al .. ( 1956 ) 5 7 regard�- the 1:-complex at signalling 
both a . crude . perception_ of. the .. stimulus . and- an. abortive arousal . 

K-complexes . appear . to emerge. at. 5 - 6 months of age (Gibbs and Gibbs ,  

19505 8 ; . Metcalf . and . Jordan.., 1 9 12?9 ) . and. their emergence may relate to the 
onset of . dreams (Metcalf et  al., . 1 9 7 1 ) 60 • .  The� develope further to the 
age of 2 - 3 years .(Metcalf et  al, .  1 9 7 1) 6 1  and are well-dif'ferentiated by 

the latter age . (Metcalf and · Jordan., . 1972) 6 2 .. There may be further 
deve lopment until. 1 2 .  years of age . (Metcalf et al, 1 9 7 1 )6 3, and some 
reduc tion in amplitude in adulthood (Gibba and· Gibbs ,  1 950) 64 • 
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WHEN IS A K-COMPLEX A K-COMPLEX? 

Metcalf et al (1971) 65 give a tu.JlDber of parameters in terms of which a 

K-complex may be identified • .  These are as follows: 

1 .  INDIVIDUATION (The degree to which the complex is distinguished 

from background activity) 

As the process of_ maturation .. procedes, .J(:-:-complexes become isolated, more 

regular and better-diiiferentiated- from. background activity . 

2 .  VERTEX. DOMINANCE . . .(The .. degree .. to which voltage dominance is 

maximal . at the vertex) 

At the age of 2 ,5 to 3 months a tendency is noted for vertex activity 

during quiet sleep to be of higher voltage and more regular than in other 

areas. At 5 - 6 months, vertex activity assumes t he typical K-complex 

morphology, although vertex voltage dominance is incomplete o 

dominance., is established at 1,5  years and complete at 2 years . 

3. REPETITION 

Vertex 

Initially, K-complexes. occur- in . burats ... . with. a. relatively long durat ion 

(4 - 6 seconds)  and poorly defined initial sharp component. Maturation 

brings differentiation. of this component.and reduction in the amount of 

sleep time occupied by repeating K�complexes. From age 3 to 9 years 

the initial . sharp component . may re;eat so rapidly (3 to 9 times in a 
1 to 3 second period) . that the . slow. wave segment. of the K-complex does 

not have a chance to occur • .  In . adolescence . and. young adulthood the rate 

of repetition abates and the slow wave component is seen . ( I  complex 

per second or I every 2 - 3 seconds may be seen) . 

4 .  SPREAD (The appearance . of . . the complex simultaneously in areas 

other than the true vertex) 

At an early s tage of development .. (6 months to 1 2  months) the K-complex 
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appear s d i f f use ly ( w i t h  no ve r t e x  l oca l i s at i on) . Ve rtex donnnance i s  

e s tab l i �, hed  a t  l , S ye a rs , .and s p re a d  d Lm i r i s b� R un t i l  abou t.  1 0  year� . 

At  1 4  t o  1 6  years of  age spread i s  virtual ly  non-exi s te nt . Me t cal f and 

Jordan ( 1 9 72 )
6 6  

ind ic ate that in addi t ion to the above , the sharpne ss of 

the ini t ial  component  of the c omp lex i s  an add i t i onal des cr ip t ive 

parame ter . In the infan t , the f i rs t  component  i s  no t sharp , but this 

feature eme rges  a s  an as pec t o f  deve lopment " 

sharpne s s  abate s . 

In adul thood , however ,  

In s ummary , there f ore , the immature K-comp lex i s  charac te ri sed  b y  poor 

ver tex domina.nce , l a rge sp reaci � and an i n i t i a l  comp ,:ment which is  not 

sharp . Fur ther , i t  i s  in terming led wi th the ongoing EEG act ivi ty. 

The ma ture K-comp lex 1s  ver tex dominant , we ll-different iated from the 

background EEG and shows l i tt le  sp read . S i ng l e  comp lexe s , no c burs t s  

o f  mixed  acc ivi ty , and a sharp pr imary component , are p re s en t. 

WHAT I S  ABNORMAL IN SLEEP EE Gs OF INF.Al�TS ?  

1 .  B URST S 

6 7  
Me tca l f  and Jordan ( 1 9  7 2 )  · s ugge s t  that burs t s  are adj udged abnorma l  i f :  

( a) the r e  i s  a l o s s  o f  ve rtex dominance .  The mo re re g i ons ass ociate d  

s imul tane ous l y  wi th  a burs t ,  the more abno rma l i t  i s  cons i de re d . Thus , 

a b urs t i nvo lving only the ve rtex  and temporal areas  i s  more acceptab l e  

than one s imul taneous ly invo lving the ver te x ,  f ronta l ,  temparal and 

oc c ip i ta l  reg i ons ; (b)  of  l ong durat i on .  A s  the durat ion o f  a burs t 

inc rease s ,  the probab i li ty o f  i t  fa l l ing wi th i n  normal l imi t s  de crease s .  

The cri t ical  dura t i on appears t o  be  5 - 6 se conds . I f  l onger than thi s , 

the burs t i s  re garde d as  abno rma l by the se  authors . Dreyfus-Bri s ac e t  

al  ( 1 95 6 )
6 8 

agree w i th the se c r i teria  of a s se s s ing burst  abno rmal i ty . 

Howeve r ,  they s ugge s t  tha t  a durat i on o f  1 0  to 60 sec onds rende rs  a 

bur s t  abnormal ,r. They a l s o indi�ate  tha t  abnormal burs t s  are l ike ly to  

be : ( a )  o f  high amp li tude ( 300 - 500 JJ V) ; ( b )  very s low ( 1  Hz ) ; 

( c )  monomorpho us ; ( d )  re per. i t ive or se lf-perpe. t uat ing in a manner 

remini s cent of  e p i lep t ic a fte r d i s charge s . Burs t s  mee � ing thes e  cri teria  

are encounte red , accord ing to  Dre yfus -Brisac  e t  al  ( 1 9 56 )
6 9

, in inf ant s 

aged I O  months to  2 ye ars  af ter  encephahi pathy o r  !ne ningi t i s . Waking 

EE Gs in the se  i nfan t s  r.-1ay be no rmal , Me tcalf  and Jordan ( 1 9  7 2 )  
70 
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indi cate that d i s torted burst  pa t terns are extreme ly rare in normals  

under 2 years of  age and in  adol e s cents , and are seen  mos t  commonl y  

be tween 3 and 7 ye ars . The younger the chi ld  wi th this  type of pattern ,  

the re fore , the more l ike ly i t  i s  tha t s igni ficant central  ne rvous sys tem 

pathol ogy is p resent . Dre yfus-B r isac and Curzi-Das calova ( 1 9 75 ) 7 1  
s tate , 

"From 3 to 1 2  mon ths the presence of abno rmal Hgure s (focal spikes of 

any locat i on ,  paroxysma l pat terns of any kind) is ve ry rare . "  (p . 6B - 2 7 ) . 

Furthe r ,  the re lat ive ly  h igh incidence of d i s t or ted burs ts  in normals  

aged 3 t o  7 years makes a diagno s i s  of  epi lepsy based sole ly on this  

charac te ri s t ic unre l iab le  in chi l dren be tween these age s . 

2 .  OTHER ACTIVITY 

( a) Trace al  ternant . Prematures born at  32 weeks ( fu l l-te rm 40 weeks) 

show 70% act ive s leep and 30% quie t s l eep . The l a t ter  comprise s burs ts .  

of high vo l tage s l ow wave (0 , 5  - 3 Hz)  ac t ivi ty ,  some t imes wi th super­

imposed sharp waves and l ow vo l tage act ivi ty ,  in te rspe rsed wi th f lat  

per iods las t ing 8 - 1 5  se conds , ( the s o-cal led ' trace a l ternant ' ) . 

As the infant matures  the f l at periods shor ten in durat i on and are 

rep laced by s l ow wave ac t ivity . At ful l-term ,  quie t s l eep c omp rises  

virtua l ly  continuous s l ow . wave act ivi ty - however ,  some trace a l ternant  

may s t i l l  be pre sent unt i l  4 - 5 weeks pos t term .  Rare ly , howeve r ,  i s  
th is  seen in normal s after the age of 6 weeks . I f  a c lear trace 

a l ternan t pers i s t s  afte r  this  age , a cort ical / sub cort ical  d i s turbance , 

or panencephal i t i c  dys func t i on ,  may be ind icated (Me tc a l f  and Jordan , 

1 9 72 ) 72 . (b )  Lack of  differentiat ion between s leep and wakefulne s s . 

In the norma l f oe tus , a differentia t ion be tween EEG patterns during 

wakefulnes s  and s leep is e s tab l i shed by 8 months (pre-term) . If the 

ful l-term neonate shows no wake / s l eep d ifferent iat ion in EEG terms , this  

i s  regarded as abnorma l . S low ( 7  Hz )  continuous , d iffuse EEG a c t ivi ty 

appears during both s leep and wake fulne s s . Thi s  pat tern may o c cur in 

cases of pro longed expos ure to  anoxia  ( Dreyf�s �B risac , 1 964 ) 7 3 or in 
· 

h ( 74 . . m1crocep a ly  S ams on-Do l l fus e t  a l , 1 96 4) • P rognos t 1 ca l l y ,  thi s  

pa tte rn i s  ominous . , ( c) Pro l ongat ion o f  immature s leep pattern . 

Be fore 3 mon ths o f  age , the infan t  goe s  direct  into act ive s leep ( t'he 

forerunne r of REM s leep) , and then into quie t s leep . After 3 months , 

quie t s leep i s  entered  d irec t l y ,  pre ceeded  by h igh vol tage s l ow wa,res 

which are the pre curs ors of  l a ter  drowsy hypersynchrony . I f  the chan ge 
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i s  prolonged to 4 - 5 months of age, this is regarded as abnormal 

(Me tca lf and Jordan, 1972 ) 7 5. ( d) Hyps arrhythmia . The EEG in this 

diagnosis is marked by poorly organised, high voltage patterns , in 

both sleep and wakefulnes� with generalised wave and spike or sharp wave 

activity. Usually, this is  seen after 4 months of age, and rarely 

after 4 years. Structural brain damage is frequently . indicated (Samson-
76 . 7 7 Dollfus et al? 1964 ; Kiloh et al, 1972 ). (e) Abnormally slow 

EEGs. Here , 2 - 3 Hz activity in all coitical areas is seen during 

wakefulness , accentuated by  drowsiness .  This is usually seen in the 
78 

firs t year of life (Salll8on-Dollfus et al, 1964) • ( f) Generalised 

depres sion. EEGs during both sleep and wakefulness s how a generalised 

depression of- activity. (Samson-Dollfus et al 1964)79 • 

THE EMERGENCE . OF. WAVE AND SPIKE ACTIVITY DURING SLEEP 

S leep activation ( spontaneous and induced) is a procedure adopted in 

cases of suspected epilepsy where the wake EE G is non-specific, equivocal 

or normal. Drug-induced daytime sleep does not differ from spontaneous 

sleep (Kiloh et al , 1 9 72) 80. As an aid in deciding whether paroxysmal 

EEG activity in s leep is epileptogenic or an arousal phenomenon, it is 

instructive to cons ider .  which sleep r. tages are. most productive of wave 

and sp ike activity. · This issue has been reviewed by Daly ( 19 73) 8 1 . 

He indicated . that NREM s leep activates the generalised 3 Hz wave and 

sp ike activity · a!=en in patients· (Rith · absences .·while ·. REM sleep . diminishes 
these discharges . He cites a s tudy which showed ( using 1 3  subj ects) the 

following ( all discharges per minute): . 0, 24 during the daytime waking 

state; 0,08 in the period immediately before sleep;  0, 46 at the onset 

of NREM sleep; 1,09 during stage 4 sleep and 0 907 during REM sleep. 

Focal wave and spike activity , .. however, appears augmented by both NREM 

and REM sleep, although the morphology of dis charges may differ in each. 

During NBEM sleep the bursts are lollger in duration , higher in amplitude, 

the focus may expand in size a�d activity may be induced contralaterally 

and homologously • .  During REM . sleep the . focus is equivalent in size to 

that of the waking state and spikes resemble those during the waking 

state. 
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GUIDELINE S  FOR CLINICAL ELECTROENCEPHALOGRAPHERS 

Th is sect ion summarises wha t h&B been de ta i l ed  p revious ly , s tress ing the 

normal arousal response or ac t ivi ty . 

I.  VERTEX SlIARP· WAVE S 

An arousal respon se ( ie .  a normal phenomenon) : may be extremely sharp 

( spikelike); is evoked mos t  readily in sleep s tages I or 2 ,  or in the 

quiet sleep of newborns ; is phase-reversed about the midline and maximal 

in amplitude at the vertex or i ts immediate vicinity ; emerges clearly at  5 - 6 

months  of age, and ,  al though its subsequent development is controversial , 

may be  expected to be seen up to about 1 3  years of age with some abundance, 

and to a les ser extent into adul thood ; may , in children, be of high 

amplitude . 

2. SPINDLES 

Spindles which may be considered normal : are phase-reversed about the 

midl ine and maximal in the frontal ,  central or parietal cortical areas ; 

may show a reasonable degree of asynchrony and asynnnetry before the ages 

of 5 - 8 months , wi th asynchrony reduced after  2 ,  and asymmetry after 4, years_ ;  

may appear in both light and deeper s leep s tages ; are rare before 4 weeks 

of age but common by 7 - 8 weeks ; are long in durat ion ( 8  - 10 s) before 

3 - 5 months of age , but short ( 1  - 3 s) in dura t ion thereafter ; are 

es tablished by the age of 8 months . 

3. K-COMPLEXES 

A normal arousal phenomenon. : may have 2 or 3 components ; i s  phase­

reversed about the midline and maximal at the vertex by 5 - 6 months and 

vertex dominant by 1 , 5 years ; may occur 1n  s leep s tage 2 or deeper sleep 

s tages ; emerges at  5 - 6 months of age , is  we l l -differentiated by 2 - 3 

years and seen prominently to 1 2  years with some ampli tude reduction in 

adul thood ; is better differentiated and more isol ated from background 

activity with increas ing maturat ion ; i s  maximal ly repe tit ive from 3 - 9 

years and less  so in adoles cen ce and young adu l thood ; is well localised 

to the vertex by 1 ,5 years with l i t t le involvement of other areas after 

1 0  years ; is of short durat ion ( le s n  than 1 0  s ) ; i s  of relatively low 

amplitude ( < 300 µ v); is non·-perpetuat ing ;  may be dis torted be tween 3 and 

7 years of age al though this i s  rare ly so under 2 years ·  or  in adolescents. 



4 .  OTHE R ACTI VITY 

1 0 .  

In normals: trace alternant i s  rarely seen after 6 weeks; differentiation 

between sleep and wakefulness is seen in the EEG at full-term birth; 

a mature sleep pattern has emerged by 3 months. 
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