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EEG SPECTRAL ANALYSIS IN NEWBORNS WITH AND WITHOUT SEVERE BRAIN 

DAMAGE AT DIFFERENT CONCEPTIONAL AGES. A PRELIMINARY REPORT
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U. ZWIENER, B a r b a r a  CLAUSNER1

I n s t i t u t  f ü r  P a t h o l o g i s c h e  P h y s i o l o g i e ,  F r i e d r i c h - S c h i l l e r
U n i v e r s i t ä t ,  Jena und

A b t e i l u n g  f ü r  N e o n a t o l o g i e  d e r  U n i v e r s i t a t s k i n d e r k l i n i k , 
F r i e d r i c h - S c h i  I l e r - U n i  v e r s i  t a t ,  Jena

R e c e i v e d  31 Oc t  1933

S p e c t r a l  pow er  (SP)  a n a l y s i s  o f  n e o n a t a l  d i s c o n t i n u o u s  
EEG p a t t e r n  o f  b i l a t e r a l  Fp -T  and T -0  d e r i v a t i o n s  has 
been p e r f o r m e d  i n . 5 new bor ns  w i t h  no o r  m i l d  b r a i n  
damage and i n  5 new bor ns  w i t h  s e v e r e  b r a i n  damage 
m a t ch e d  f o r  c o n c e p t i o n a l  age ( 3 0 . - 3 9 .  w e e k ) .  
D i s c o n t i n u o u s  EEG was s e p a r a t e d  i n  i n t e r b u r s t  and b u r s t  
i n t e r v a l s .  SP o f  a l l  f r e q u e n c y  bands  was d e p r e s s e d  i n  
n e w b o r n s  w i t h  s e v e r e  b r a i n  damage,  w i t h  t h e  d e p r e s s i o n  
b e i n g  more p r o n o u n c e d  d u r i n g  i n t e r b u r s t  i n t e r v a l s .  
S u r p r i s i n g l y ,  a p r o m i n e n t  d e p r e s s i o n  o f  t h e  SP o f  t h e  
d e r i v a t i o n s  o f  t h e  r i g h t  h e m i s p h e r e  and o f  t h e  d e l t a  
f r e q u e n c y  b a nds  o f  s e v e r e l y  h a n d i c a p p e d  n e w b o r n s  was 
f o u n d .  C a l c u l a t i o n  o f  c o h e r e n c e  be tw e e n  hom o lo gous  
b i p o l a r  d e r i v a t i o n s  does  n o t  i m p r o v e  t h e  p o s s i b i l i t i e s  
t o  s e p a r a t e  b o t h  g r o u p s .

INTRODUCTION

The p r o g n o s t i c  s i g n i f i c a n c e  o f  t h e  v i s u a l  a n a l y s i s  o f  

n e o n a t a l  EEG has  been  shown by d i f f e r e n t  g r o u p s  a t  l e a s t  s i n c e  

1972 / 1 1 ,  2 0 / .  B u t  t h e  e x t e n s i v e  use  o f  t h e  EEG i n  any  n e w b o r n -  

a t - r i s k  i s  h a n d i c a p p e d  by a ) t h e  d i f f i c u l t  r e c o r d i n g  c o n d i t i o n s  

d u r i n g  i n t e n s i v e  c a r e ,  b )  t h e  r e l a t i v e l y  l o n g  r e c o r d i n g  

i n t e r v a l s  w h i c h  w ere  n e c e s s a r y  f o r  c o r r e c t  c l a s s i f i c a t i o n  and 

c )  t h e  f e a t u r e s  o f  n e o n a t a l  EEG w h i c h  demand e s p e c i a l l y  t r a i n e d  

e x a m i n e r s  f o r  i n t e r p r e t a t i o n .  Mos t  n e o n a t o l o g i s t s  and 

n e u r o l o g i s t s  a r e  n o t  e x p e r i e n c e d  i n  n e o n a t a l  EEG t e c h n o l o g y .  

A u t o m a t i c a l  and c o m p u t e r a s s i s t e d  d e v i c e s  f o r  EEG c l a s s i f i c a t i o n  

and m o n i t o r i n g  on t h e  base  o f  q u a n t i t a t i v e  and  o b j e c t i v e  

c r i t e r i a  may s o l v e  t h e s e  p r o b l e m s  i n  p a r t .  F i r s t  s u c c e s s f u l  

a t t e m p t s  were  made by means o f  t h e  c e r e b r a l  f u n c t i o n  m o n i t o r  / 1 ,
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1 8 / .  The c e r e b r a l  f u n c t i o n  m o n i t o r  d e s c r i b e s  a m p l i t u d e  changes  

o f  t h e  EEG o n l y .  G l a r i a  and M ur r ay  / 6 /  had recommended on t h e  

b a s e  o f  a c o m p a r i s o n  o f  5 d i f f e r e n t  m e t h o d s  o f  EEG a n a l y s i s  

t h a t  t e c h n i q u e s  a n a l y s i n g  b o t h  a m p l i t u d e  and f r e q u e n c y  changes  

s u c h  as s p e c t r a l  a n a l y s i s  s h o u l d  be us e d .

R i c h a r d s  e t  a l  / 1 3 /  d i f f e r e n t i a t e d  s u c c e s s f u l l y  i n  a 

r e t r o s p e c t i v e  s t u d y  n e o n a t e s  w i t h  v a r y i n g  r i s k  and 

d e v e l o p m e n t a l  ou tc om e  by t h e  h e l p  o f  s p e c t r a l  a n a l y s i s  o f  

i n f a n t  EEG r e l a t e d  t o  t h e  c h a r a c t e r i s t i c  EEG p a t t e r n s .  They 

e x a m i n e d  EEG r e c o r d s  i n  t e r m  b a b i e s  and p r e t e r m s  a t  t e r m .  Bu t  

q u a n t i t a t i v e  d e s c r i p t i o n  o f  EEG i n  p r e f e r m s  b e f o r e  t e r m  seems 

n e c e s s a r y  f o r  e a r l i e r  t h e r a p e u t i c  i n t e r v e n t i o n  and f o r  c o n t r o l  

o f  t h e r a p e u t i c  e f f e c t s .

F o r  t h i s  r e a s o n  i n  t h i s  p r e l i m i n a r y  s t u d y  we exami ned  

n e w b o r n s  a t  d i f f e r e n t  c o n c e p t i o n a l  ages  w i t h  no o r  m i l d  and 

w i t h  s e v e r e  b r a i n  d a m age .  I t  i s  an a t t e m p t  t o  f i n d  o u t  w h e t h e r  

s p e c t r a l  a n a l y s i s  i s  a b l e  t o  d i f f e r e n t i a t e  t h e s e  two  g r o u p s  

e v e n  a t  d i f f e r e n t  c o n c e p t i o n a l  ages .

SUBJECTS AND METHODS

5 new b o r n s  w i t h  no o r  m i l d  b r a i n  damage and 5 new bor ns  w i t h  
s e v e r e  b r a i n  damage e v a l u a t e d  by f o l l o w - u p  e x a m i n a t i o n s  and 
a u t o p s i e s  were i n c l u d e d  i n  t h i s  s t u d y .

C ase  h i s t o r i e s  (N = n e w b o r n s  w i t h  no o r  m i l d  b r a i n  damage;  S = 
s e v e r e l y  b r a i n  damaged n e w b o r n s ) :
N1 :  C o n c e p t i o n a l  age  ( C A ) :  31 w ee k s ;  b i r t h  w e i g h t :  1200 g ;

APGAR 6 — 8 — 8 ; d i a g n o s i s :  RDS 111- 1V0 , p y o c y a n e u s  s e p s i s ;  21 
days  on v e n t i l a t o r ;  a u t o p s y :  b r o n c h o p u l m o n a r y  d y s p l a s i a  

S I :  CA: 30 we eks ;  910  g ;  APGAR 2 - 7 - 7 ;  d i a g n o s i s :  RDS I I I - I V 0 ;
16 days on v e n t i l a t o r ;  a u t o p s y :  i n t r a c r a n i a l  h e m o r r h a g e ,  
b r o n c h o p u l m o n a r y  d y s p l a s i a

N2:  Ca: 32 w eeks ;  1520  g ;  APGAR 8 - 1 0 - 1 0 ;  d i a g n o s i s :  RDS 1 ° ,
h y p e r b i l i r u b i n a e m i a ; 3 days  CPAP; f o l l o w - u p :  n o r m a l  

S 2 :  CA: 33 we eks ;  1320  g ;  APGAR 1 - 6 - 6 ;  d i a g n o s i s  : RDS I I I - I V 0 ,
r e n a l  f a i l u r e ;  a u t o p s y :  i n t r a c r a n i a l  h e m o r rh a g e  

N3 :  CA: 34 w e e k s ;  2000  g;  APGAR 5 - 6 - 8 ;  d i a g n o s i s :  Rh
i n c o m p a t i b i l i t y ,  RDS 1 ° ,  IVH 1 ° ;  3 d a y s  CPAP; f o l l o w  up :  
t i l l  t h e  8 t h  m o n t h  m i n i m a l  m o t o r i c  r e t a r d a t i o n  t h e n  n o r m a l  

S 3 :  C A :34 weeks ;  1390  g ;  APGAR 6 - 8 - 9 ;  d i a g n o s i s :  i n t r a u t e r i n e
a s p h y x i a ,  c o n s u m p t i v e  c o a g u l o p a t h y ,  p u l m o n a r y  h e m o r r h a g e ;  
9 days on v e n t i l a t o r ;  a u t o p s y :  i n t r a c r a n i a l  h e m o r rh a g e



EEG spectral analysis in  newborns 405

v e n t i l a t o r

i n t r a u t e r i n e  
v e n t i l a t o r ,

20 sys t em  a d a p t e d  f o r  
C4 , T3, T4,  01 and 02

N4: CA: 36 w e e ks ;  2250 g ;  APGAR 7 - 8 - 9 ;  d i a g n o s i s :  i m m a t u r i t y ;
no v e n t i l a t o r  t r e a t m e n t ;  a u t o p s y :  t i l l  t h e  4 t h  month  m i l d  
s p a s t i c i t y  t h e n  n o r m a l

S4: CA: 36 w eeks ;  2500 g ;  APGAR 1 - 7 - 7 ;  d i a g n o s i s :  i n t r a u t e r i n e
a s p h y x i a ,  s e i z u r e s ,  a m n i o n i t i s ,  h y p e r b i l i r u b i n a e m i a , 12
days  on v e n t i l a t o r ;  f o l l o w - u p :  s p a s t i c  h e m i p l e g i a  

N5: CA: 39 w ee k s ;  2370 g ;  APGAR 1 0 - 9 - 1 0 ;  d i a g n o s i s :
i n t r a u t e r i n e  r e t a r d a t i o n ,  g e m i n u s ;  no 
t r e a t m e n t ;  f o l l o w - u p :  m i l d  s p a s t i c i t y  

S5: CA: 39 w ee k s ;  3500 g APGAR 6 - 3 - 8 ;  d i a g n o s i s :
a s p h y x i a ,  s e i z u r e s ,  hy g ro m a ;  14 days  on 
f o l l o w - u p :  m i c r o c e p h a l y ,  e p i l e p s i a ,  s p a s t i c  t e t r a p l e g i a  

Beca use  a l l  c h i l d r e n  were  exami ned  d u r i n g  i n t e n s i v e  c a r e , t h e  
d e n o t a t i o n  " n o r m a l s "  was a v o i d e d .  Two newborns  r e c e i v e d
p h é n o b a r b i t a l  m e d i c a t i o n  d u r i n g  t i m e  o f  e x a m i n a t i o n  b u t  i n  l o w  
dos a g e s  (4  mg p e r  kg body  w e i g h t  and d a y ) .  No p h é n o b a r b i t a l  
m e d i c a t i o n  was g i v e n  i m m e d i a t e l y  b e f o r e  o r  d u r i n g  p o l y g r a p h i c  
r e c o r d i n g s  P a n c u r o n i u m  b r o m id e  was g i v e n  t o  4 s e v e r e l y  b r a i n  
damaged n e w b o r n s .  The same new bor ns  r e c e i v e d  dopamine .  None o f  
t h e  n e w bor ns  r e c e i v e d  t h e o p h y l l i n .  The newb orns  were m a t c h e d  
f o r  c o n c e p t i o n a l  age ( 3 0 / 3 1 ;  3 2 / 3 3 ;  3 4 / 3 5 ;  3 6 / 3 7 ;  3 8 /3 9  w e e k s ) .

60 -  120 m i n u t e  r e c o r d i n g s  i n c l u d i n g  8 - c h a n n e l  EEG, h e a r t
r a t e  and r e s p i r a t i o n  ( t h e r m i s t o r  and i m p e d a n c e )  were p e r f o r m e d .  
EEGs were r e c o r d e d  by s u r f a c e  d i s c  e l e c t r o d e s  p o s i t i o n e d  
a c c o r d i n g  t o  t h e  i n t e r n a t i o n a l  10 
n e w b o r n s  / 8 /  a t  t h e  Fn l ,  Fn2 ,  C3, 
l o c a t i o n .  B i p o l a r  
0 1 ,  Fp l - T 3 , T 3 - 0 1 ,
were  r e c o r d e
t a p e  r e c o r d e r  (EAM 500 ,  TESLA).  Mo vem en ts  and b e h a v i o u r  w ere  
o b s e r v e d  c o n t i n u o u s l y  and r e c o r d e d  by an e v e n t  m a r k e r  on t h e  
p a p e r  c h a r t .

R i g h t  and l e f t  f r o n t o - t e m p o r a l  ( F „ l - T 3 ,  Fp 2 - T 4 )  and t e m p o r o -  
o c c i p i t a l  ( F p 2 - T 4 ,  T 4 - 0 2 )  d e r i v a t i o n s  were cho s e n  f o r
s u b s e q u e n t  c o m p u t e r i z e d  a n a l y s i s .

D i s c o n t i n u o u s  EEG p a t t e r n  was c l a s s i f i e d  by two o b s e r v e r s  
(M R . ;  M.E ) .  B u r s t  and i n t e r b u r s t  i n t e r v a l s  o f  t h i s  R a t t e r n  
were  d i f f e r e n t i a t e d  v i s u a l l y  ( s e e  F i g .  1 ) .  15 b u r s t s  and 15 
i n t e r b u r s t  i n t e r v a l s  w i t h i n  one p e r i o d  o f  d i s c o n t i n u o u s  p a t t e r n  
were  s e l e c t e d  i n  e v e r y  new bor n .  The EEG was f i l t e r e d  ( c u t - o f f  
f r e q u e n c y  2 5 . 0  Hz,  a c t i v e  B u t t e r w o r t h  l o w - p a s s  f i l t e r i n g ,  120 
d B / d e c a d e )  and d i g i t i z e d  u s i n g  a s a m p l i n g  r a t e  o f  50 Hz ( b u r s t )  
and 100 Hz ( i n t e r b u r s t ) .  T ha t  l e a d  t o  i n t e r v a l s  o f  a n a l y s i s  
w i t h  a d u r a t i o n  o f  1 0 . 2 4  sec ( b u r s t )  o r  5 . 1 2  sec ( i n t e r b u r s t  ) .

F a s t  F o u r i e r  T r a n s f o r m a t i o n  o f  t h e  d a t a  was p e r f o r m e d  u s i n g  
a PDP-8 c o m p a t i b l e  c o m p u t e r  s y s t e m  (KSR 4100 ,  ROBOTRON; f o r  
f u r t h e r  d e s c r i p t i o n  o f  c o m p u t a t i o n  p r o c e d u r e  / 14 ,  2 3 / ) .
Power s p e c t r a  o f  t h e  b i p o l a r  EEG d e r i v a t i o n s  and c o h e r e n c e  
s p e c t r a  o f  h o m o l o g o u s  d e r i v a t i o n s  o f  b o t h  h e m i s p h e r e s  w ere  
c a l c u l a t e d  f o r  t h e  15 b u r s t s  and 15 i n t e r b u r s t  i n t e r v a l s  i n  
e v e r y  n e w b o r n .  S p e c t r a l  power  ( S P )  and c o h e r e n c e  w ere  
su m m a r i z e d  f o r  t h e  f o l l o w i n g  f r e q u e n c y  b a n d s :  t o t a l  pow er  ( 0 5  

25 H z ) ,  d e l t a  pow er  ( 0 . 5  -  3 . 5  H z ) ,  t h e t a  power  ( 3 . 5  -  7 . 5  
H z ) ,  a l p h a  power  ( 7 . 5  -  1 2 .5  Hz) and b e t a  power  ( 1 2 . 5  -  2 5 . 0  
Hz) .

r e c o r d i n g s  were  use d  as f o l l o w s  FD1 - C 3 ,  C3-  
Fp 2 - C 4 , C 4 - 0 2 , Fp 2 - T 4  and T4-02  A l l  d a t a  

c o n t i n u o u s l y  on p a p e r  ( p o l y g r a p h  BST-1)  and FM
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F i g .  1. Example  f o r  d i f f e r e n t i a t i o n  o f  b u r s t  and i n t e r b u r s t  
i n t e r v a l s  i n  a newborn  w i t h  no o r  m i l d  b r a i n  damage a t  
t h e  3 4 t h  week o f  c o n c e p t i o n a l  age .

The f o l l o w i n g  paramete rs  were  c a l c u l a t e d  i n  a p o s t p r o c e s s i n g  
p r o c e d u r e :  a ) r e l a t i v e  d e l t a ,  t h e t a ,  a l p h a  and b e t a  SP i n
p e r c e n t a g e  ( e . g .  r e l a t i v e  d e l t a  = d e l t a  pow er )  t o t a l  pow er  
100  %), b)  sum o f  SP w i t h i n  t h e  c o r r e s p o n d i n g  f r e q u e n c y  bands
o f  a l l  f o u r  d e r i v a t i o n s  exami ned  ( F p l - T 3  + T3-01  + F p 2 - T 4  + T4- 
0 2 ) ,  c )  sum o f  SP w i t h i n  c o r r e s p o n d i n g  f r e q u e n c y  bands  o f  l e f t  
and  r i g h t  h e m i s p h e r e  ( F p 1 -  T 3 + T 3 -0 1  and Fp 2 - T4 + T 4 - 0 2 )  and d) 
sum o f  SP w i t h i n  t h e  c o r r e s p o n d i n g  f r e q u e n c y  bands  o f  f r o n t o 
t e m p o r a l  and t e m p o r o - o c c i p i t a l  d e r i v a t i o n s  ( Fp 1 — T3 + F p 2 - T 4  and 
T 3 - 0 1  + T 4 - 0 2 ) .

Newborns were  r a n g e d  p a i r w i s e  a c c o r d i n g  t o  t h e  c o n c e p t i o n a l  
age  f o r  s t a t i s t i c a l  c o m p a r i s o n .  Two-way  a n a l y s i s  o f  v a r i a n c e  
(ANOV 2) was c h o s e n  t o  e x c l u d e  e f f e c t s  o f  d i f f e r e n t
c o n c e p t i o n a l  a g e .  O n l y  F -  v a l u e s  o f  t h e  a n a l y s i s  were 
c o n s i d e r e d  f o r  t h e  c o m p a r i s o n  o f  n e w b o r n s  w i t h  no o r  m i l d  and 
s e v e r e  b r a i n  damage.  A n a l y s i s  was p e r f o r m e d  by means o f  t h e  
s t a t i s t i c a l  s o f t w a r e  package  ABSTAT u s i n g  a m i c r o p r o c e s s o r  
c o m p u t i n g  s y s te m  (K 1 5 1 0 ;  ROBOTRON).
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RESULTS

I n t e r b u r s t  i n t e r v a l s

The SP o f  t h e  i n t e r b u r s t  i n t e r v a l s  o f  new bor ns  w i t h  s e v e r e  

b r a i n  damage i s  d i m i n i s h e d  i n  t h e  F p2 -T 4  and T4 -02  d e r i v a t i o n s .  

S i g n i f i c a n t  d i f f e r e n c e s  were f o u n d  f o r  t h e  t o t a l  SP and d e l t a  

SP o f  Fp2 -T4  and t h e t a  SP, a l p h a  SP and b e t a  SP o f  T 4 - 0 2  ( F i g .

2 )  . F p l - T 3  and T 3 -0 1  show no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  

b o t h  g r o u p s  e x a m i n e d .

T h i s  c o r r e s p o n d s  w i t h  t h e  d i m i n i s h e d  SP o f  a l l  f r e q u e n c y  

bands  su m m a r i z e d  f o r  t h e  r i g h t  h e m i s p h e r e  ( T a b l e  I  ) i n  t h e  

new b o r n s  w i t h  s e v e r e  b r a i n  damage ( w i t h o u t  e x c e p t i o n ) .  Sum o f  

SP o f  t h e  f r o n t o - t e m p o r a l  d e r i v a t i o n s ,  t e m p o r o - o c c i p i t a l  

d e r i v a t i o n s  and d e r i v a t i o n s  o f  l e f t  h e m i s p h e r e  show no 

s i g n i f i c a n t  d i f f e r e n c e s  be tw een  b o t h  g r o u p s .

T h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  p a r a m e t e r s  o f  

c o h e r e n c e  ( T a b l e  I I ) .

R e l a t i v e  SP o f  d e l t a  f r e q u e n c y  bands  o f  a l l  d e r i v a t i o n s  i s  

d i m i n i s h e d  i n  n e w b o r n s  w i t h  s e v e r e  b r a i n  damage,  b u t  o n l y  F p l -  

T3 shows a s i g n i f i c a n t  d i f f e r e n c e  ( T a b l e  I I I ) .  I n  c o n t r a r y  t o  

t h e  a b s o l u t e  SP, r e l a t i v e  SP o f  t h e t a ,  a l p h a  and b e t a  f r e q u e n c y  

bands  i s  h i g h e r  i n  new b o r n s  w i t h  s e v e r e  b r a i n  damage t h a n  i n  

n e w bor ns  w i t h  no o r  m i l d  b r a i n  damage ( e x c e p t i o n  a l p h a  

f r e q u e n c y  band o f  F p 2 - T 4 )  because  o f  t h e  more p r o n o u n c e d  

d e p r e s s i o n  o f  a b s o l u t e  SP o f  t h e  d e l t a  f r e q u e n c y  band .  

S i g n i f i c a n t  d i f f e r e n c e s  were  f o u n d  o n l y  f o r  r e l a t i v e  SP o f  

t h e t a  f r e q u e n c y  band o f  T 4 - 0 2 .

B u r s t

The SP o f  t h e  b u r s t  i n t e r v a l s  o f  n e w bor ns  w i t h  s e v e r e  b r a i n  

damage i s  a l s o  d i m i n i s h e d  i n  Fp2-T4  and T4 -02  d e r i v a t i o n s  ( F i g .

3 )  . S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were  f o u n d  f o r  t o t a l  

SP and d e l t a  SP o f  F p2 -T 4  and d e l t a  SP o f  T 4 - 0 2 .  F p l - T 3  and T3-  

01 show no s i g n i f i c a n t  d i f f e r e n c e s  be tw e e n  ne w bor ns  w i t h  no o r  

m i l d  and new b o r n s  w i t h  s e v e r e  b r a i n  damage.

The sum o f  SP w i t h i n  c o r r e s p o n d i n g  f r e q u e n c y  b ands  o f  t h e  

r i g h t  h e m i s p h e r e  r e f l e c t s  t h e  d i f f e r e n c e s  be tw een b o t h  g r o u p s



F i g .  2 .  A b s o l u t e  s p e c t r a l  power  (mean and S . E . M . )  d u r i n g  i n t e r b u r s t  i n t e r v a l  o f  t h e  F p l - T 3 ,  
T 3 - 0 1 ,  Fp2 -T4  and T 4 -0 2  d e r i v a t i o n s  o f  t h e  ne w bor ns  w i t h  no o r  m i l d  b r a i n  damage 
( b l a n k  c o l u m n s )  and new bor ns  w i t h  s e v e r e  b r a i n  damage ( h a t c h e d  c o l u m n s )  f o r  t h e  
d i f f e r e n t  f r e q u e n c y  bands (F = F - v a l u e  o f  AN0V2 s t a t i s t i c a l  a n a l y s i s ,  x = p <  0 . 0 5 ,
XX = p <  0 . 0 1 ) .
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TABLE I

A b s o l u t e  s p e c t r a l  pow er  o f  i n t e r b u r s t  i n t e r v a l s  f o r  s e l e c t e d  
f r e q u e n c y  bands and l o c a t i o n  i n  n e w b o r n s  w i t h  no o r  m i l d  b r a i n  
damage (N)  and s e v e r e  b r a i n  damage ( S ) ;  M = mean v a l u e ;  SEM = 
s t a n d a r d  e r r o r  o f  t h e  mean; F = F - v a l u e  o f  AN0V2 a n a l y s i s ;  x =

p < 0.05)

t o t a l d e l t a t h e t a a l p h a b e t a

Sum N M 11452 10210 8 9 8 . 0 293 .1 177 .1
SEM 1624 1620 1 4 5 . 0 7 1 .7 3 7 . 6

S M 6515 5525 6 3 3 . 4 213 .3 1 4 4 . 0
SEM 2447 2003 2 6 6 . 0 11 3 .0 6 4 . 4

F 3 .18 3 .4  3 1 . 0 6 0 .6 9 0 . 3 9

R i g h t N M 7740 6341 5 6 5 . 4 187 .7 1 1 3 . 6
SEM 1417 1355 1 3 3 . 0 59 .3 2 9 . 0

S M 1750 1479 1 7 9 . 0 6 0 .2 3 9 . 4
SEM 657 546 6 7 . 3 27 .6 1 4 . 7

F 1 9 . 54 x 1 5 . 0 9 x 1 4 . 3 9 х 8 . 7 2 х 1 2 . 0 3 х

L e f t N M 3736 3367 3 3 2 . 3 105 .4 6 3 . 4
SEM 314 237 2 5 . 4 14 .3 9 . 2

S M 4765 4045 4 5 9 . 2 153 .6 1 0 4 . 6
SEM 1882 1541 2 0 7 . 0 36 .7 5 1 . 0

F 0 . 2 9 0 . 1 8 0 . 3 6 0 .4 6 0 . 8 1

F r o n . -  N M 4497 3305 4 7 0 . 3 142 .7 8 6 . 9
Temp . SEM 749 586 1 1 1 .0 4 3 .4 2 6 . 4

S M 2630 2279 2 3 7 . 5 8 2 .5 5 3 . 0
SEM 617 513 8 0 . 5 36 .9 1 2 . 9

F 5 . 7 0 6 . 0 7 3 . 5 2 2 . 3 2 2 . 4 4

Te m p . -  N M 6523 6068 3 7 2 . 2 132 .2 8 0 . 6
O c c i  . SEM 1485 1513 5 5 . 0 34 .4 1 4 . 1

S M 3490 2951 3 2 8 . 6 138 .4 0 5 . 2
SEM 2126 1785 1 9 2 . 3 9 0 .0 5 8 . 1

F 1 . 2 8 1 . 5 4 0 . 0 7 0 .0 1 0 .0 1
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TABLE I I

C o h e r e n c e  be tween  homologous d e r i v a t i o n s  f o r  s e l e c t e d  f r e q u e n c y  
b a n d s  d u r i n g  i n t e r b u r s t  i n t e r v a l s  i n  newb orn s  w i t h  no o r  m i l d  
b r a i n  damage (N)  and  s e v e r e  b r a i n  damage ( S ) ;  M = mean v a l u e ;  
SEM = s t a n d a r d  e r r o r  o f  t h e  mean;  F = F - v a l u e  o f  AN0V2

a n a l y s i s ;  x = p <  0 . 0 5 )

t o t a l d e l t a t h e t a a l p h a b e t a

N M 0 . 2 2 3 9 0 . 2 7 2 6 0 . 1 8 0 1 0 . 1 4 5 4 0 . 1 5 8 8
F p l  - SEM 0 . 0 3 8 0 . 0 3 3 0 . 0 4 3 0 . 0 4 5 0 . 0 6 4
Т З /
F p 2 - S M 0 . 1 8 9 3 0 . 2 3 6 3 0 . 1 7 0 8 0 . 1 3 2 9 0 . 0 0 8 6
T 4 SEM 0 . 0 3 6 0 . 0 3 9 0 . 0 3 8 0 . 0 3 3 0 . 0 2 5

F 0 . 4 2 0 . 4 6 0 . 0 4 0 . 0 5 1 .16

N M 0 . 2 3 8 9 0 . 2 7 1 2 0 . 1 8 3 1 0 . 2 2 6 4 0 . 2 6 5 0
T 3 - SEM 0 . 0 3 9 0 . 0 3 9 0 . 0 3 1 0 . 0 5 0 0 . 0 8 4
0 1 /
T 4 - S M 0 . 3 2 4 6 0 . 3 6 5 2 0 . 2 7 4 3 0 . 2 4 8 6 0 . 2 9 4 3
02 SEM 0 . 0 5 7 0 . 0 5 1 0 . 0 6 4 0 . 0 6 5 0 . 0 9 5

F 1 . 8 9 1 . 7 9 1 .1 0 0 . 0 4 0 . 0 5

r e g a r d i n g  Fp2-T4  and T 4 - 0 2  d e r i v a t i o n s  ( T a b l e  I V ) .  Sum o f  t o t a l  

v a r i a b i l i t y  and sum o f  d e l t a  SP o f  r i g h t  h e m i s p h e r e  i s  

s i g n i f i c a n t l y  d i m i n i s h e d  i n  n e w b o r n s  w i t h  s e v e r e  b r a i n  damage.  

No s i g n i f i c a n t  d i f f e r e n c e s  can be d e m o n s t r a t e d  f o r  t h e  sum o f  

SP o f  t h e  f r o n t o - t e m p o r a l  d e r i v a t i o n s ,  t e m p o r o - o c c i p i t a l  

d e r i v a t i o n s  and d e r i v a t i o n s  o f  t h e  l e f t  h e m i s p h e r e .

No p a r a m e t e r  o f  c o h e r e n c e  shows s i g n i f i c a n t  d i f f e r e n c e s  

b e t w e e n  b o t h  g r o u p s  e x a m i n e d  ( T a b l e  V ) .

R e l a t i v e  SP o f  d e l t a  f r e q u e n c y  band  o f  a l l  d e r i v a t i o n s  i s  

d i m i n i s h e d  i n  n e w b o r n s  w i t h  s e v e r e  b r a i n  damage ( T a b l e  V I ) .  

S i g n i f i c a n t  d i f f e r e n c e s  can  be shown fo ' r  r e l a t i v e  d e l t a  SP o f  

T 3 - 0 1 .  R e l a t i v e  SP o f  t h e t a ,  a l p h a  and b e t a  f r e q u e n c y  b a n d s  i s  

h i g h e r  ( b u t  n o t  s i g n i f i c a n t )  i n  n e w b o r n s  w i t h  s e v e r e  b r a i n  

damage i n  c o n t r a r y  t o  t h e  n e w b o r n s  w i t h  no o r  m i n i m a l  b r a i n  

damage .
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TABLE I I I

R e l a t i v e  s p e c t r a l  power  o f  i n t e r b u r s t  i n t e r v a l s  f o r  s e l e c t e d  
f r e q u e n c y  bands and l o c a t i o n  i n  n e w b o r n s  w i t h  no o r  m i l d  b r a i n  
damage (N)  and s e v e r e  b r a i n  damage ( S ) ;  M = mean v a l u e ;  SEM = 
s t a n d a r d  e r r o r  o f  t h e  mean; F = F - v a l u e  o f  AN0V2 a n a l y s i s ;  x =

p < 0 . 0 5 )

d e l t a t h e t a a l p h a b e t a

F p l - T 3 N M 83. 69 10 .90 3 ..24 2 .,22
SEM 1 . 57 0 .77 0 .,53 0 .,43

S M 82.,76 11 .12 3..51 2 .,69
SEM 1 . 46 0 .99 0 ..29 0 ..69

F 13 ., 4 9 x 0 .11 0 ,.47 0 .,63

Fp2-T4 N M 82 .,88 11 .77 4 ,.38 2 ,.04
SEM 2 .,28 1 . 36 1 ,.09 0 ..41

S M 81 ..44 11 .83 4,.08 2 ,. 68
SEM 1 ..95 1 .61 0 ,.46 0 ,.30

F 0 ,.24 0 .01 0 ,.07 1 . 50

T3-01 N M 83,.40 9 .59 2 .93 2 .12
SEM 1 ,.43 0 . 73 0 .39 0 .49

S M 82..67 11 .42 3 .43 2 .53
SEM 0 .53 0 .60 0 .40 0 .31

F 3 .12 3 .01 0 .76 0 .55

T4 -02 N M 87 . 6 6 7 .27 2 .91 2 . 20
SEM 3 . 06 1 .44 0 .86 0 .99

S M 81 .77 11 .38 4 .05 3 .46
SEM 1 .36 0 .60 0 .45 0 .70

F 3 .73 3 • 6 2 х 1 .17 2 .73
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TABLE IV

A b s o l u t e  s p e c t r a l  power  o f  b u r s t  i n t e r v a l s  f o r  s e l e c t e d  
f r e q u e n c y  bands and l o c a t i o n  i n  n e w b o r n s  w i t h  no o r  m i l d  b r a i n  
damage (N)  and s e v e r e  b r a i n  damage ( S ) ;  M = mean v a l u e s ;  SEM 
s t a n d a r d  e r r o r  o f  t h e  mean;  F = F - v a l u e  o f  AN0V2 an a l y s i s ;  x

p <  0 . 0 5 )

t o t a l d e l t a t h e t a a l p h a b e t a

Sum N M 94535 36440 5 3 5 8 . 6 11 7 9 . 5 5 5 4 . 9
SEM 16244 16845 1463 1 8 1 . 0 1 0 6 . 4

S M 62837 55628 5 4 7 0 . 3 1 3 0 3 . 9 4 3 3 . 5
SEM 12528 11042 1596 3 4 9 . 0 1 4 2 . 2

F 2 . 9 0 4 . 0 4 0 .0 1 0 . 0 7 0 . 1 3

R i g h t N M 43928 45110 2 8 3 1 . 7 6 6 6 . 3 3 1 6 . 7
SEM 6226 6351 3 6 4 . 0 1 6 6 . 0 . 9 2 . 6

S M 22891 20525 1 6 9 2 . 4 4 4 4 . 2 2 2 5 . 1
SEM 5462 4797 5 7 4 . 2 1 9 0 . 2 1 0 6 . 1

F 1 0 . 7 0 x 1 0 . 8 2 x 0 .73 0 . 6 2 0 . 4 5

L e f t N M 45607 41330 2 5 2 6 . 9 5 1 3 . 2 2 3 7 . 2
SEM 11221 11141 6 9 7 . 2 7 7 . 8 2 5 . 7

S M 39996 35103 3 7 7 7 . 9 8 5 7 . 6 2 5 8 . 4
SEM 3401 7366 1 2 1 1 .0 2 1 6 . 7 5 2 . 8

F 0 . 2 6 0 . 4 6 0 . 5 0 2 . 0 5 0 . 0 9

F r o g • - N M 47833 43356 3 4 2 9 . 2 7 2 8 . 6 3 2 5 . 4
T a mp . SEM 7953 7441 3 7 0 . 6 133 . 7 6 7 . 5

S M 43110 37311 4 0 1 3 . 4 9 4 9 . 3 3 3 3 . 3
SEM 3794 7960 1 3 0 4 . 1 2 6 8 . 9 1 1 2 . 7

F 0 . 1 8 0 . 3 3 0 . 0 9 0 . 3 6 0 . 0 8

T e m p . - N M 46697 43084 1 9 2 9 . 3 4 5 0 . 8 2 2 9 . 4
O c c i  . SEM 11526 10732 6 4 0 . 0 3 6 . 1 5 7 . 0

S M 19776 17317 1 4 5 6 . 4 3 5 4 . 6 1 4 5 . 2
SEM 5567 5138 3 9 3 . 3 9 1 . 0 3 7 . 3

F 3 . 58 5 . 2 2 0 . 2 5 0 . 4 3 1 . 1 3



F i g .  3.  A b s o l u t e  s p e c t r a l  power (mean and S . E . M . )  d u r i n g  b u r s t  i n t e r v a l  o f  t h e  F p l - T 3 ,
T 3 - 0 1 ,  Fp2 -T4  and T4 -02  d e r i v a t i o n s  o f  t h e  new bor ns  w i t h  no o r  m i l d  b r a i n  damage 
( b l a n k  c o l u m n s )  and new bor ns  w i t h  s e v e r e  b r a i n  damage ( h a t c h e d  c o l u m n s )  f o r  t h e  
d i f f e r e n t  f r e q u e n c y  bands (F = F - v a l u e  o f  AN0V2 s t a t i s t i c a l  a n a l y s i s ,  x = p < 0 . 0 5 ) .
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TABLE V

C o h e r e n c e  be tween h o m o l o g o u s  d e r i v a t i o n s  f o r  s e l e c t e d  f r e q u e n c y  
b a n d s  d u r i n g  b u r s t  i n t e r v a l s  i n  n e w b o r n s  w i t h  no o r  m i l d  b r a i n  
damage (N)  and s e v e r e  b r a i n  damage ( S ) ;  M= mean v a l u e ;  SEM = 
s t a n d a r d  e r r o r  o f  t h e  mean;  F = F - v a l u e  o f  AN0V2 a n a l y s i s ;  x =

p < 0 . 0 5 )

total delta theta alpha beta

N M 0.2334 0.2646 0.1989 0.1624 0.1583
Fpl- SEM 0.040 0.036 0.036 0.027 0.022
Т З /
Fp2- S M 0.276В 0.3057 0.2265 0.1347 0.1031
T 4 SEM 0.054 0.054 0.015 0.018 0.036

F 1.13 1.32 1.41 0.04 0.02

N M 0.2186 0.2364 0.0899 0.1277 0.1132
T3- SEM 0.036 0.036 0.013 0.027 0.031
01/
T 4 S M 0.2987 0.3137 0.2435 0.2299 0.2282
02 SEM 0.036 0.013 0.027 0.031 0.036

F 0.66 0.34 1.59 0.64 0.96

C o m p a r i s o n  o f  T a b l e s  I  and IV  shows t h a t  s p e c t r a l  p o w e r  o f  

i n t e r b u r s t  i n t e r v a l s  o f  n e w b o r n s  w i t h  s e v e r e  b r a i n  damage i s  

m o r e  d e p r e s s e d  t h a n  s p e c t r a l  power  o f  b u r s t  i n t e r v a l s .

DISCUSSION

The s t u d y  was p e r f o r m e d  t o  p r o v e  t h e  a b i l i t y  o f  c o m p u t e r i z e d  

( s p e c t r a l )  a n a l y s i s  o f  n e o n a t a l  EEG f o r  t h e  d i f f e r e n t i a t i o n  o f  

n e w b o r n s  w i t h  no o r  m i l d  b r a i n  damage and newb orns  w i t h  s e v e r e  

b r a i n  damage a t  d i f f e r e n t  g e s t a t i o n a l  a g e s .  Thus t h e  s t u d y  was 

b a s e d  c o n s e q u e n t l y  on t h e  r e s u l t s  o f  t h e  f o l l o w - u p  e x a m i n a t i o n s  

o r  t h e  a u t o p s y  f i n d i n g s  d e s p i t e  w e l l  d e f i n e d  d i f f e r e n c e s  w i t h  

r e s p e c t  t o  t h e  o t h e r  c l i n i c a l  d a t a  b e t w e e n  b o t h  g r o u p s .

O n l y  f o u r  EEG d e r i v a t i o n s  w e re  s e l e c t e d  f o r  f u r t h e r  d a t a  

p r o c e s s i n g  t o  r e s t r i c t  c o m p u t a t i o n  t i m e  and r e s u l t i n g  d a t a .  By 

a n a l y s i s  o f  r i g h t  and  l e f t  f r o n t o - t e m p o r a l  and t e m p o r o -
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TABLE VI

R e l a t i v e  s p e c t r a l  power  o f  b u r s t  i n t e r v a l s  f o r  s e l e c t e d  
f r e q u e n c y  b ands  and l o c a t i o n  i n  n e w b o r n s  w i t h  no o r  m i l d  b r a i n  
damage (N)  and s e v e r e  b r a i n  damage ( S ) ;  M = mean v a l u e ;  SEM = 
s t a n d a r d  e r r o r  o f  t h e  mean; F = F - v a l u e  o f  AN0V2 a n a l y s i s ;  x =

p < 0 . 0 5 )

d e l t a t h e t a a l p h a b e t a

F p l - T 3 N M 90 .,11 7 .35 1 ..63 0 ..35
SEM 1 , 14 0 . 79 0 ..17 0 ..29

S M 36..05 10 .34 2 ..33 0 .,71
SEM 2 . 43 2 .04 0 ,.35 0 .. 11

F 3 ,.91 4 .07 5.. 6 6 0 .,01

Fp2 -T  4 N M 89., SO 7 33 1 ..61 0 ,.74
SEM 2 ..00 1 .49 0 .. 35 0 ,.26

S M 8 8 ,.02 3 .95 2 ,.03 0 ..93
SEM 2 .53 2 .12 0 ..57 0 ,. 34

E 1 ,.02 0 . 73 1 ..36 1 ..14

T3-01 N M 93..51 4 .73 1 ..16 0 .. 58
SEM 0 .. 6 6 0 .40 0 ,.25 0 .. 19

S M 8 6 ..33 10 .01 2 ..21 0 .. 93
SEM 2 ..66 2 . 22 0 ..35 0 ..16

c 7., 4 0 х 5 . 73 ГО ..57 2 , СО иэ

T 4 -0 2 N M 93..77 4 .29 1 . 25 0 ,.53
SEM 1 24 0 . 73 0 ,.33 0 .19

S M 33,.30 3 .73 2 ,.02 0 ..83
SEM 2 ..31 2 . 33 0 .. 35 0 .07

F 6 , 39 5 . 19 5..61 1 .67
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o c c i p i t a l ,  a t  one h a n d ,  o r  r i g h t  and l e f t  f r o n t o - c e n t r a l  and 

c e n t r o - o c c i p i t a l  d e r i v a t i o n s ,  on t h e  o t h e r  h a n d , i t  i s  p o s s i b l e  

t o  a c h i e v e  i n f o r m a t i o n  a b o u t  t h e  f r o n t a l  and o c c i p i t a l  a c t i v i t y  

o f  b o t h  h e m i s p h e r e s  u s i n g  f o u r  d e r i v a t i o n s .  R i g h t  and l e f t  

f r o n t o - t e m p o r a l  and t e m p o r o - o c c i p i t a l  d e r i v a t i o n s  were  c h o s e n  

f o r  s u b s e q u e n t  c o m p u t e r i z e d  a n a l y s i s  b e c a u s e  t e m p o r o - o c c i p i t a l  

p r e d o m i n a n c e  can be f o u n d  d u r i n g  t h e  e a r l i e r  c o n c e p t i o n a l  

a g e s  / 2 1 / .

S p e c t r a l  power  a n a l y s i s  o f  n e o n a t a l  EEG had been p e r f o r m e d  

by  a l o t  o f  g r o u p s  u s i n g  d i f f e r e n t  g r o u p s  o f  s u b j e c t s  and 

i n c o m p a r a b l e  m et hods  o f  r e c o r d i n g ,  c o m p u t i n g  and i n t e r p r e t a t i o n  

( f o r  a s h o r t  r e v i e w  see  T a b l e  V I I ) .  To o u r  knowledge ,  no s tudy  

e x a m i n e d  such s e v e r e l y  damaged n e w b o r n s  as we d i d .  F u r t h e r m o r e ,  

no o t h e r  s t u d y  use d  t h e  same s e p a r a t e  a n a l y s i s  o f  b u r s t  and 

i n t e r b u r s t  i n t e r v a l s .  F o r  t h a t  r e a s o n  a d i r e c t  c o m p a r i s o n  w i t h  

t h e  r e s u l t s  o f  o t h e r  p a p e r s  seems i m p o s s i b l e .

Ou r  s t u d y  i n d i c a t e s  t h a t  s p e c t r a l  a n a l y s i s  o f  n e o n a t a l  EEG 

i s  an a d e q u a t e  s t a t i s t i c a l  p r o c e d u r e  t o  c h a r a c t e r i z e  n e w b o r n s  

w i t h  s e v e r e  b r a i n  damage.  The EEG -  SP o f  a l l  f r e q u e n c y  b a n d s  

i s  r e d u c e d  i n  n e w b o r n s  w i t h  s e v e r e  b r a i n  damage i n  c o m p a r i s o n  

t o  n e w b o r n s  w i t h  no o r  m i l d  b r a i n  dama ge .  T h i s  c o u l d  be due t o  

d e p r e s s e d  a c t i v i t y  o f  c o r t i c a l  n e u r o n s  as a r e s u l t  o f  h y p o x i a  

/ 3 / ,  r e d u c e d  p e r f u s i o n  o f  c o r t i c a l  a r e a s  a f t e r  a s p h y x i a  / 1 9 /  

a n d / o r  m o r p h o l o g i c a l  d e f e c t s .  No d e c i s i o n  can be made by means 

o f  o u r  d a t a  and s t u d y  d e s i g n .  Fo r  s u c h  p a t h o g e n e t i c a l  r e s e a r c h  

EEG r e c o r d i n g s  mu s t  be p e r f o r m e d  i n  c o m b i n a t i o n  w i t h  m e t h o d s  

m e a s u r i n g  m o r p h o l o g i c a l  d e f e c t s  ( C T ,  u l t r a s o u n d ) ,  m e t a b o l i s m  

and  r e g i o n a l  c e r e b r a l  b l o o d  f l o w  (NMR, P E T ) ,  e t c .

I n  c o n t r a r y  t o  e x p e r i m e n t a l  f i n d i n g s  i n  a d u l t  a n i m a l s  / 3 /  

t h e  s l o w  wave a c t i v i t y  i s  more d e p r e s s e d  t h a n  f a s t e r  a c t i v i t y  

i n  o u r  damaged n e w b o r n s .  T h i s  was shown by t h e  d e p r e s s e d  

r e l a t i v e  SP o f  t h e  d e l t a  f r e q u e n c y  band  and t h e  s i m u l t a n e o u s  

i n c r e a s e  o f  r e l a t i v e  SP o f  t h e  t h e t a ,  a l p h a  and b e ta  f r e q u e n c y  

b a n d s .  Bu t  t h e  t i m e  s c h e d u l e  o f  a c u t e  e x p e r i m e n t a l  h y p o x i a  i n  

t h e  a d u l t  c a t  i s  i n c o m p a r a b l e  w i t h  t h e  o f t e n  unknown moment o f  

p e r i n a t a l  b r a i n  damage i n  c l i n i c a l  s t u d i e s .  S p e c i e s  d i f f e r e n c e s  

and  t h e  changes  o f  d o m i n a n t  a c t i v i t y  o f  EEG r e c o r d i n g s  f r o m  

d e l t a  t o  a l p h a  ( b e t a )  f r e q u e n c y  r a n g e  i n  t h e  c o u r s e  o f  human
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TABLE V I I

M e t h o d o l o g i c a l  d e t a i l s  f r o m  s e l e c t e d  p a p e r s  d e a l i n g  w i t h  
s p e c t r a l  a n a l y s i s  o f  n e o n a t a l  EEG

Paper S u b j e c t s Samp.
r a t e
(H z )

I n t e r v a l s D e r i 
v a t i o n

F r e q . 
b a n d s

W i l l e -  
kens  e t  
a l .
1934

h e a l t h y  
f u l l t e r m

1 0 2 .4 mean o f  
20 s e c .  
i n t e r v a l s  
o f  9 beha
v i o u r a l  
s t a t e s

b i l a t e r a l  
F -C ;  C-P; 
P - 0 ;  T-T

0 - 2  ; 2 - 4  
4 - 6  ; 6 - 8  
6 -1 0  
1 0 -1 2  ; 
1 2 - 1 4  ; 
1 4 - 1 7  ;
1 7 - 2 2
2 2 - 3 0

R i c h 
a r d s  
e t  a l . 
1986

5 g r o u p s  
w i t h  d i f 
f e r e n t  
ou tco me  
and r i s k

100 3 X 20 se c  
f o r
d i f f e r e n t  
EEG p a t 
t e r n s

b i l a t e r a l  
F - T ;  C-0 
T -0

0 . 1 - 3 . 5
4 . 0 -  7 . 5
3 . 0 -  1 2 . 5  
1 3 - 2 5  
1 1 - 1 6

H a v l i - n o r m a l 50 sum o f C4-A1 D e l t a  1 / 2
с е к  e t f u l l - 1 0 . 2 4  se c C3-A2 T h e t a  1 / 2
a l . and p r e - f o r  d i f - A l p h a  1 / 2
1975 t e r m f e r e n t B e t a  1 / 2

b e h a v i o r a l T o t a l
s t a t e s

S c h u l t e n o r m a l s 7 3 m i n . b i l a t e r a l c o n t i n u -
B e l l be tw e e n f o r  a c t i v e F-C ;  C-0 G U S

1973 34 weeks and q u i e t 0 -T
and 4 y . s l e e p

P r e c h t l h e a l t h y ? 3 m i n .  o f b i l a t e r a l c o n t i n u -
Vos and a t 1 -2  s l e e p F-C ;  C-P ous
1973 r i s k c y c l e s

Gi  a - n o r m a l 125 64 sec  o f b i l a t e r a l 0 . 5 - 4 ;
q u i n t o f u l l - h i g h  v o l t . F -C ;  C-0 4 - 8 ;
e t  a l . t e r m s l o w  and 8 -1 2  ;
1977 " a c t i v i t y 1 2 - 1 6  ;

moyenne" 1 6 - 2 0

C r o w e l l L3W p r e - 30 4 se c  p r e b i l a t e r a l 6 AR-
e t  a l . t e r m  and and p o s t C-A;  0-A c o e f f i -
1978 AGA te r m s t i m u l i c i e n t s
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T a b l e  V I I  c o n t i n u e d

S te r m a n  
e t  a l . 
1982

c o n t r o l s  
and s i b 
l i n g s  o f  
SIDS

64 10 m i n  . 
d u r i n g  
q u i e t  
s l e e p

C 1 -C 5 ; 
C2-C6

0 - 3 ;  4 - 7 ;  
8 - 1 2 ;  
1 2 - 1 5 ;  
1 6 - 1 9 ;

H o l l m e n  
e t  a l . 
1985

n o r m a l
f u l l - t e r m
d i f f e r e n t
a n a e s t h e s y
f o r  c e a s .
s e c t i o n

? 5 se c  f o r  
2 h o u r  r e 
c o r d i n g s

F p l - F p 2 0 . 6 - 4 ;
4 - 8 ;
8 - 1 2 ;
1 2 - 1 6 ;
1 6 - 2 0

d e v e l o p m e n t  / 1 0 /  had  t o  be c o n s i d e r e d .

P r o m i n e n t  d e p r e s s i o n  o f  SP o f  t h e  r i g h t  h e m i s p h e r e  

r e p r e s e n t s  a s u r p r i s i n g  r e s u l t .  No c o r r e s p o n d i n g  c l i n i c a l  

r e s u l t  was f o u n d  i n  t h e  l i t e r a t u r e .  T h i r i n g e r  e t  a l  / 1 7 /  

d e m o n s t r a t e d  t h e  p e r s i s t e n c e  o f  some e l e c t r i c a l  a c t i v i t y  l e f t  

i n  a p a r t  o f  n e o n a t a l  l ambs e x p o s e d  t o  exper imenta l  a s p h y x i a .  

The e l e c t r i c a l  a c t i v i t y  f rom t h e  b r a i n  was c o m p l e t e l y  a b o l i s h e d  

i n  t h e  r e m a i n i n g  g r o u p  o f  l a m b s .  These  r e s u l t s  a l s o  m i g h t  

i n d i c a t e  t h a t  t h e  r i g h t  h e m i s p h e r e  i s  more s e n s i t i v e  t o  b r a i n  

dam a g in g  f a c t o r s  i n  t h e  p e r i n a t a l  p e r i o d .  The c ause  o f  t h e  

phenomenon i s  unknown  and t h e  r e s u l t s  had t o  be v e r i f i e d  i n  

e x p e r i m e n t a l  and  c l i n i c a l  s t u d i e s  f o c u s e d  on t h a t  s p e c i a l  

q u e s t i o n .  I t  i s  u n l i k e l y  t h a t  a r t e f a c t s  i n c r e a s i n g  SP as EOG 

i n t e r f e r e n c e s  / 2 3 /  s h o u l d  i n f l u e n c e  o n l y  t h e  l e f t  h e m i s p h e r e  o r  

t h a t  s y s t e m i c  a d m i n i s t r a t i o n  o f  p h é n o b a r b i t a l  as i n  two  o f  o u r  

s e v e r e l y  damaged n e w b o r n s  s h o u l d  r e d u c e  o n l y  t h e  a c t i v i t y  o f  

t h e  r i g h t  h e m i s p h e r e  because  t h i s  phenomenon c o u l d  be d e s c r i b e d  

i n  a l l  f i v e  n e w b o r n s  w i t h  s e v e r e  b r a i n  damage. I n f l u e n c e  o f  

t r a n s i e n t s  w i t h  s t r o n g  e f f e c t  t o  SP as s p i k e s  o r  s h a r p  waves 

has  been e x c l u d e d  by v i s u a l  i n s p e c t i o n  o f  t h e  s e l e c t e d  

i n t e r v a l s .  An a c c i d e n t a l  i n c i d e n c e  o f  l o c a l  d i s t u r b a n c e s  

( i n f a r c t i o n ,  h e m o r r h a g e ,  d e g e n e r a t i o n ,  i s c h e m i a )  i n  t h e  s m a l l  

g r o u p  o f  o u r  s e v e r e l y  h a n d i c a p p e d  n e w b o r n s  c o u l d  e x p l a i n  t h e  

p r o m i n e n t  d e p r e s s i o n  o f  SP o f  t h e  r i g h t  h e m i s p h e r e .  B u t  no 

e v i d e n c e  was f o u n d  i n  a u t o p s y  and t h e  t r a n s f o n t a n e l l  u l t r a s o u n d  

e x a m i n a t i o n  was n o t  p e r f o r m e d  i n  a l l  c a s e s .  3e ca u se  EEG
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a c t i v i t y  was d e p r e s s e d  i n  o n l y  one h e m i s p h e r e  a t  l e a s t  two 

i n t r a h e m i s p h e r i c  d e r i v a t i o n s  a r e  n e c e s s a r y  f o r  s u f f i c i e n t  

n e o n a t a l  EEG m o n i t o r i n g .

No g e n e r a l  d i f f e r e n c e s  were  f o u n d  f o r  i n t e r h e m i s p h e r i c  

c o h e r e n c e  be tw een g r o u p s  o f  s e v e r e l y  damaged n e w b o r n s  and 

n e w b o r n s  w i t h  no o r  m i l d  b r a i n  damage. C o h e r e n c e  can  be 

s t r o n g l y  i n f l u e n c e d  by v i s i b l e  and n o n - v i s i b l e  ECG- 

i n t e r f e r e n c e s  / 2 3 /  w h i c h  were  o f t e n  fo u n d  i n  n e o n a t e s .  One 

q u e s t i o n  r e m a i n s  o p e n ,  w h e t h e r  c o h e r e n c e  b e t w e e n  b i p o l a r  

d e r i v a t i o n s  a l l o w s  u s e f u l  p h y s i o l o g i c a l  i n t e r p r e t a t i o n  o f  t h i s  

c o h e r e n c e  p e r  se i n  c o n t r a r y  t o  t h e  c o h e r e n c e  b e t w e e n  u n i p o l a r  

d e r i v a t i o n s .  We used  t h e  c o h e r e n c e  because  o f  o p t i m i s t i c  

e v i d e n c e s  i n  t h e  l i t e r a t u r e  / 1 2 ,  2 2 /  i n  an e m p i r i c a l  manner  t o  

s e a r c h  f o r  d i f f e r e n c e s  be tw een  new bor ns  w i t h  no o r  m i l d  and 

s e v e r e  b r a i n  damage.  Because  no d i f f e r e n c e s  were  f o u n d  even  i n  

s u c h  m a r k e d l y  d i f f e r e n t  p a t h o l o g y  we recommended t h a t  

c a l c u l a t i o n  o f  c o h e r e n c e  be tw een  h o m o l o g o u s  b i p o l a r  d e r i v a t i o n s  

i s  n o t  n e c e s s a r y  i n  s t u d i e s  d e a l i n g  w i t h  s p e c t r a l  a n a l y s i s  o f  

n e o n a t a l  EEG and c h a r a c t e r i z a t i o n  o f  s e v e r e  b r a i n  dama ge .  V a lu e  

o f  c o h e r e n c e  b e tw e e n  u n i p o l a r  d e r i v a t i o n s  h a s  t o  be 

d e m o n s t r a t e d  i n  f u r t h e r  s t u d i e s .

The d i s c o n t i n u o u s  EEG p a t t e r n  was chosen f o r  a n a l y s i s  

b e c a u s e  t h i s  EEG p a t t e r n  can be d e m o n s t r a t e d  i n  p r e t e r m s  and 

t e r m  new bor ns  ( t r a c e  a l t e r n a n t )  and were  fo u n d  b o t h  i n  n o r m a l s  

and  h a n d i c a p p e d  i n f a n t s  / 2 1 / .  The s e p a r a t i o n  o f  b u r s t  and 

i n t e r b u r s t  i n t e r v a l s  seems u s e f u l  because  s p e c t r a l  p ow e r  o f  

b u r s t  i n t e r v a l s  i s  t e n f o l d  h i g h e r  t h a n  s p e c t r a l  pow er  o f  

i n t e r b u r s t  i n t e r v a l s  i n  b o t h  g r o u p s  e x a m i n e d .  F o r  t h i s  r e a s o n  

s p e c t r a l  power  o f  d i s c o n t i n u o u s  EEG -  p a t t e r n  i s  m a i n l y  

d e t e r m i n e d  by t h e  b u r s t  i n t e r v a l s .  D i f f e r e n t  numb ers  o f  b u r s t s  

d u r i n g  c o n s t a n t  i n t e r v a l s  o f  e x a m i n a t i o n  c o u l d  l e a d  t o  

e r r o n e o u s  r e s u l t s .  V i s u a l  a n a l y s i s  o f  n e o n a t a l  EEG d e m o n s t r a t e d  

t h a t  i n t e r b u r s t  i n t e r v a l s  ( b a c k g r o u n d  a c t i v i t y )  a r e  o f  s p e c i a l  

i m p o r t a n c e  t o  d e f i n e  p r o g n o s i s  o f  n e w b o r n s - a t - r i s k  / 2 0 / .  T h i s  

c o r r e s p o n d s  t o  o u r  f i n d i n g s  t h a t  s p e c t r a l  power  o f  i n t e r b u r s t  

i n t e r v a l s  o f  s e v e r e l y  h a n d i c a p p e d  newb orn s  i s  more  d e p r e s s e d  

t h a n  s p e c t r a l  pow er  o f  t h e  b u r s t s .  B u t  methods  o f  s e g m e n t a t i o n  

/ 2 ,  2 4 /  a r e  n e c e s s a r y  t o  use  s e l e c t i v e  s p e c t r a l  a n a l y s i s  o f
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i n t e r b u r s t  i n t e r v a l s  f o r  m o n i t o r i n g  d e v i c e s .

O n l y  s m a l l  g r o u p s  w e re  used f o r  o u r  s t a t i s t i c a l  a n a l y s i s .  

B u t  t o  our  k n o w l e d g e  no p a r a m e t e r  i n d e p e n d e n t  s t a t i s t i c a l  

p r o c e d u r e  e x i s t s  c o r r e s p o n d i n g  t o  t h e  two  way a n a l y s i s  o f  

v a r i a n c e  f o r  i n d e p e n d e n t  s am p le s .  F o r  t h a t  r e a s o n  we used  t h i s  

m e t h o d  d e s p i t e  t h e  s m a l l  g r o u p s .  S i g n i f i c a n t  d i f f e r e n c e s  were  

f o u n d  o n l y  f o r  t h e s e  p a r a m e t e r s  w h i c h  w e r e  i n  g e n e r a l  l o w e r  o r  

h i g h e r  i n  newb orns  w i t h  no o r  m i l d  b r a i n  damage t h a n  i n  

n e w b o r n s  w i t h  s e v e r e  b r a i n  damage.

I n  summary i t  can  be  c o n c l u d e d ,  t h a t  a )  newb orns  w i t h  no o r  

m i l d  b r a i n  damage and  new b o r n s  w i t h  s e v e r e  b r a i n  damage can  be 

d i f f e r e n t i a t e d  by s p e c t r a l  a n a l y s i s  e v e n  i n  such  s m a l l  g r o u p s  

o f  s u b j e c t s  and b )  o b j e c t i v e  p a r a m e t e r s  can  be chosen  f o r  such  

a d i f f e r e n c e  b e t w e e n  tw o  g r o u p s .  The s t u d y  has t o  be e x t e n d e d  

t o  g r o u p s  o f  n e w b o r n s  w i t h  d i f f e r e n t  d i a g n o s i s  and t o  f o l l o w - u p  

s t u d i e s  o f  s i n g l e  n e w b o r n s  d u r i n g  t h e r a p y  t o  c o n f i r m  t h e s e  

f i n d i n g s .
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