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A polygraphic investigation was made of daytime sleep in healthy infants with analysis of the 
EEG, oculogram, muscle tone, fluctuations in skin resistance,  respiration, ECG, rheoence- 
phalogram, and rheogram of the leg. Infants with cerebra l  palsy of perinatal genesis were in- 
vestigated by the same method. The results showed that in ear ly  infancy it is possible to dis- 
tinguish the basic stages of slow sleep and the stage of fast sleep, although the e lect roence-  
phalographic expression of these stages in infants has special featurss of its own. The age 
dynamics of the polygraphic picture of sleep shows that the electroencephalographic, autonomic, 
and motor  components of sleep, although clearly coordinated in the various stages, have at 
the same time considerably autonomy. This is confirmed by the results obtained by analysis 
of the cerebra l  pathology. The need for adequate assessment  of this complex function in o rder  
to elucidate the physiological nature of sleep is emphasized. 
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The age dynamics of manifestations of sleep in man under normal conditions and in the presence of 
cerebra l  pathology could shed light on the mechanism of this phenomenon. 

Information in the l i terature consists chiefly of the eleetroeneephalographic character is t ics  of sleep 
in young infants in health and disease, although polygraphic investigations shedding light on the structure of 
sleep in the early postnatal period and its changes with age and giving the qualitative character is t ics  of 
sleep to some degree have also been reported [1, 5, 6, 10, 11, 13, 17, 18, 20]. A neurophysiological analysis 
of the pathology of sleep has also been undertaken in brain-damaged children during the first  year  of life 
[9, 12, 13, 15, 16l. 

EXPERIMENTAL METHOD 

A polygraphic investigation of daytime sleep was carr ied out on 30 healthy infants aged from 3.5weeks 
to 1 year  and infants of the same age with brain damage caused by intrauterine pathology, birth trauma, and 
asphyxia. Records were made of the EEG, is monopolar and bipolar combinations of leads, and also of 
respiration, the oculogram, the ECG, the psychogalvantc reflex (PGR), the rheoencephalogram, and the 
rheogram of the limb, on a multichannel electroencephalograph. The tone of the facial and cervical  muscles 
was judged from the muscle potentials superposed on the EEG, and in some of the investigations the elec-  
t romyogram of the cervical  portions of the trapezius muscle was recorded.  

EXPERIMENTAL RESULTS AND DISCUSSION 

The results showed that in early infancy states of drowsiness, falling asleep, light, medium-deep, 
and deep slow sleep, and also fast sleep, which normally develops only after slow sleep, can be found on the 
basis of a combination of manifestations. These states can be defined in accordance with the well-known 
classification of Loomis et al. with the addition of the stage of fast sleep, although the electroencephalo- 
graphic expression of the stages of sleep in the child has certain special features of its own. 
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Fig. 1. Polygraphic  pic ture  of the s tages  of s leep in healthy in- 
fants in the f i r s t  y e a r  of life: I) a child aged 3.5 weeks;  II) a child 
aged 11 months.  Stages of slow sleep: A) drowsiness ,  B) falling 
as leep,  C) light s leep,  ]9) modera t e ly  deep s leep.  P) Fast  s leep.  
EEG leads:  C) cen t ra l  monopolar ,  OP) occ ip i to -par t i e ta l ,  CG) 
cen t r a l - f ron ta l ,  TF) t e m p o r o - f r o n t a l ,  OO) oee ip i to-oceip i ta l ;  s ) le f t ,  
d) r ight .  OCG) Oculogram;  MC) e l e c t r o m y o g r a m  of ce rv ica l  m u s -  
cle; EDC) e l e c t r o m y o g r a m  of ex tensor  d igi torum communis  m u s -  
cle; PGR) psychogalvanic  ref lex;  Resp) resp i ra t ion ;  ECG) e l ec t ro -  
ca rd iog ram;  REG) rheoencepha logram;  RGleg) r h e o g r a m  of leg. 

At the e a r l i e s t  age co r r e l a t i on  is obse rved  between the dynamics  of the EEG and the autonomic and 
m o t o r  mani fes ta t ions .  With the change f rom fall ing as leep  to es tab l i shed  sleep the f requency and usual ly  
the ampli tude of the r e s p i r a t o r y  movemen t s  dec rease ,  r e sp i r a t ion  becomes  regular ,  the pulse ra te  fal ls ,  
and the spontaneous PGR often d e c r e a s e s  as s leep becomes  deeper ,  although this index is ve ry  var iab le .  
During fail ing as leep ,  the apex of the pulse waves  on the rheog ram is smoothed a lit t le and t he i r  ampli tude 
often i n c r e a s e s ,  but with the deepening of s leep the degree  of e x p r e s s i v e n e s s  of the r e s p i r a t o r y  waves 
d iminishes .  �9 Bes ides  rapid movemen t s  of the eyes  and EEG changes,  fast  s leep is cha r ac t e r i z ed  by mark ed  
i r r e g u l a r i t y  of r e sp i r a t i on  and changes in the hear t  ra te  and the rheographic  indices.  Genera l ized  phasic 
changes a re  often obse rved  against  the background of fast  s leep;  autonomic indices change synchronously  
with the eye movement  and s o m e t i m e s  genera l  t r e m o r  a r i s e s .  In the stage of fast  s leep,  by con t ras t  with 
d rowsiness  and fal l ing as leep,  act ivi ty of the facia l  and ce rv i ca l  muscu la tu re  could not be r eco rded  (Fig. 
1). 

During the f i r s t  y e a r  of  life the e lec t roencepha lograph ic  expres s ion  of s leep,  e spec ia l ly  in the initial  
s tages ,  va r i e s  significantly:  the local  mani fes ta t ions  of  the t h e t a - r h y t h m  in the cen t ra l  port ions during 
d rowsiness  and fal l ing as leep  are  rep laced  by a m o r e  widespread  the ta -ac t iv i ty ,  a high-vol tage "falling 
as l eep  rhy thm,"  and groups of un i fo rmly  shaped waves  with a f requency of 2 .5 -3 .5 / sec ;  spindles of a s i g m a -  
rhythm (12-16/sec)  appear ing  usual ly  during the f i r s t  months of  life in the cen t ra l  zones) inc rease  con-  
s iderab ly  in ampli tude;  pointed waves appea r  and then inc rease  in s t rength  in the cen t ra l  zones - they a re  
evidently hera lds  of the ve r t ex-po ten t i a l ;  during the second month of life the A-ac t iv i ty  i n c r e a s e s  in the 
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Fig. 2. Pathological  d issocia t ion  of "behavior"  of phys io -  
logical  indices during sleep: fast  movemen t s  of the eyes  
a re  r e co rded  and ca rd iac  a r r h y t h m i a s  obse rved  in the s tages  
of slow sleep (investigation of child aged 6 months  with diag-  
nosis  of infantile c e r e b r a l  pa l sy  of the spas t ic  diplegia form).  
O) Occipi ta l  monopola r  lead for  EEG. Rema inde r  of legend as 
in Fig. 1. 

stage of slow s leep .  In the s tage of fast  s leep,  the t he t a - rhy thm becomes  m o r e  r egu la r  with age. In all  
age groups  the spec ia l  role  of the cen t ra l  zones of  the cor tex ,  evidently proving a sor t  of "window" into 
the subcor t i ca l  b ra in  regions ,  becomes  apparent  on the EEG [2-4, 8-19]. 

The age dynamics  of the s  gives evidence of the functional and morphogenet ie  ma tura t ion  of the 
synchroniz ing m e c h a n i s m s  of the brain ,  whereas  the nbehavior"  of the autonomic components  is bas ica l ly  
s i m i l a r  in infants aged 1 month and 1 yea r ;  only quanti tat ive d i f fe rences  are  obse rved  ( respi ra t ion ,  for  
example ,  becomes  s lower  in the co r respond ing  s tages  of s leep with age).  Consequently,  the r e t i c u l a r  
m e c h a n i s m s  control l ing autonomic mani fes ta t ion  in s leep a re  a l r eady  suff icient ly ma tu re  in ea r l y  infancy 
and the i r  act ivi ty  is o rgan ized  to fit in r egu la r ly  with the in tegra t ion that f o rms  the e lec t roencepha lograph ic  
p ic ture  of s leep.  The degree  of ma tu r i t y  of  the m e c h a n i s m s  de te rmin ing  the e lee t roencepha lograph ic  and 
autonomic mani fes ta t ion  in the dynamics  of s leep thus undoubtedly d i f fers ,  although these  m e c h a n i s m s  func-  
t ion in ha rmony .  

With the repet i t ion  of the mani fes ta t ion  of a ce r t a in  s tage,  for  example ,  s tage C, the E E G - e h a r a c t e r -  
i s t ics  of that  s tage and its c h a r a c t e r i s t i c s  as r e f l ec ted  in autonomic indices may  v a r y  somewhat  in the dif-  
fe ren t  cycles  of s leep;  s o m e t i m e s  changes in the EEG (in the degree  of e x p r e s s i v e n e s s  of the slow wave 
and br igh tness  of the "s leep  spindles")  a re  unaccompanied  by changes in the r e sp i r a t i on  and pulse ra te ,  
whereas  changes in the las t  indices are  not always accompanied  by changes in the EEG. Consequently,  
coordinated  opera t ion  of the m e c h a n i s m s  de te rmin ing  the , b e h a v i o r ,  of the autonomic components  and 
dynamics  of the EEG may  pe rm i t  some degree  of mismatch ing ,  which again points to a ce r t a in  m e a s u r e  
of autonomy.  

In the p r e s ence  of bra in  damage the quali tat ive c h a r a c t e r i s t i c s  of  the young infant ' s  s leep are  often 
a l te red .  F o r m s  of pathology are  found in which, although the no rma l  EEG of s leep is p r e s e r v e d ,  coordinat ion 
is d is turbed between the EEG, autonomic,  and, s o m e t i m e s ,  the m o t o r  mani fes ta t ions  of  s leep (Fig. 2). In 
o ther  fo rms  of pathology of s leep the EEG pic ture  m a y  be so s eve re ly  dis turbed,  yet at the same  t ime  stable,  
that  it is imposs ib le  to identify the cycl ic  s t ruc tu re  of s leep,  whereas  the autonomic and m o t o r  indices 
c l ea r ly  r evea l  this  cycl ic  pa t t e rn  (Fig. 3). In s eve re  bra in  damage the autonomic and mo to r  mani fes ta t ions  
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Fig .  3. Po lygraphic  p ic tu re  of slow and fas t  s leep  in a chi ld  aged 3.5 
months  with hydrocephalus  and infanti le  c e r e b r a l  p a l s y  mani fes ted  as 
s e v e r e  spas t i c  d ip leg ia  (A) and in heal thy infants of the same age (B). 
A) Pathology of s l eep  p reven t ing  ident i f ica t ion  of i ts  s t ages  of the EEG. 
Different ia t ion of slow and fas t  s l eep  is poss ib le  only f rom the oculo-  
g r a m ,  r e s p i r a t i o n ,  and rheograph ic  indices ;  B) slow and fas t  s leep  of a 
heal thy infant aged 3.5 months,  R e m a i n d e r  of legend as in F igs .  1 and 
2 .  

of s leep ,  m o r e o v e r ,  a re  m o r e  s tab le  than the EEG. This  a g r e e s  to some extent  with the obse rva t ions  of 
Harmon and Erode [7], who found an intact  cyc l ic  o rgan iza t ion  of s leep  in a mie rocepha l i c .  It is impor tan t  
to note that  in those  r a r e  c a s e s  of pathology when in ge ne r a l  it  was imposs ib l e  to judge the s t ruc tu re  of 
s l e e p e v e n  f rom a combinat ion  of indices ,  the behav io ra l  pa t t e rn  of s leep  was s t i l l  p r e s e r v e d .  

The dif ferent  components  of the functional  complex  c h a r a c t e r i z i n g  the infant 's  s leep  may  thus be a f -  
fected in i so la t ion .  This con f i rms  the hypothes is  of t h e i r  r e l a t ive  autonomy and is in ag reemen t  with data 
in the l i t e r a t u r e  [9, 12, 13, 15]. 
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The facts descr ibed  above show that the var ious  functional changes regular ly  manifested in the dy- 
namics  of sleep and analyzed during polygraphic investigation are  only special  manifestat ions of it. Changes 
in the EEG, despite all t he i r  importance and the i r  evident connection with emotional  and psychological  ac-  
t ivi ty (as a rule defects  of p re speech  and mental  development were observed  in infants with the s eve re s t  
d is t rubances  of t he i r  sleep EEG), a re  no exception in this r e spec t .  They ref lec t  symbol ical ly  as it were the 
events  taking place on a ce r ta in  "ef fec tor  field,', meaning the ce r eb ra l  cor tex  in this case,  and they enable 
the state of some of the deep brain format ions  to be judged indirect ly .  Like the dynamics of the autonomic 
and moto r  indices,  they do not shed light on the mechanism that is the pr ime  mover ,  determining the dy-  
namics  of sleep from its beginning to its end and responsible  for  the quali tat ively unique integrat ion of 
functions of the whole body, i .e. ,  they do not shed light on the physiological  essence  of sleep. Compar ison 
of the var ious  physiological  manifes ta t ions  of sleep during its course  must  improve the chances of a s s e s s -  
ing the role of pa r t i cu l a r  bra in  s t ruc tu re s  in the format ion of the stages and the different iat ion of these 
s tages,  but it does not solve the fundamental  problem of the nature of the phenomenon. 

A c o r r e c t  idea of the biological  function of sleep,  on the basis of which a hypothetical  model  of the 
functional sys tem responsible  for  sleep, wi ththe  aid of physiological  mechanisms  that have la rge ly  been 
studied a l ready,  can be c rea ted  must  of fer  some guidance to the way ahead. 
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