
BEHAVIORAL PEDIATRICS 

AUTONOMIC RESPONSE TO MOTHER'S VOICE IN NEWBORNS. THE DEVELOPMENT AND STANDARDIZATION OF THE EINSTEIN 

Wil l iam P. F i f e r ,  Lisa M.  Monti ,  Michael M .  Myers ASSESSMENT OF SCHOOL-RELATED SKILLS - A TEST FOR 

and Brandon G .  Yon ue. Spon. by L.  S t a n l e y  James) ,  PEDIATRIC USE. Ruth L. Gottesman and Frances  M. 

a49 Columbia-Presbytersan  MLdical Center .  Depts. o f  a52 C e r u l l o  ( spons .  by H e r b e r t  J .  Cohen). A l b e r t  E i n s t e i n  

P s y c h i a t r y  and  P e d i a t r i c s ,  New York, New York. Col lege  of Medicine. Department of P e d i a t r i c s ,  and 
Rose F. Kennedv Center .  Bronx. New York. 

For many y e a r s  h e a r t  r a t e  change has  been used a s  an  index  o f  
psychophys io logica l  r e s p o n s i v i t y  i n  newborn i n f a n t s .  We have 
h y p o t h e s i z e d  t h a t  a parasympathe t ic  component o f  h e a r t  r a t e  var -  
i a b i l i t y  (HRV), r e s p i r a t o r y  s i n u s  a r r y t h m i a  (RSA), might p r o v i d e  
a more s e n s i t i v e  measure o f  CNS r e a c t i v i t y  t o  e x t e r n a l  s t i m u l a -  
t i o n .  We i n v e s t i g a t e d  whether i n f a n t s  would show a d i f f e r e n t i a l  
r e s p o n s e  i n  RSA t o  a h i g h l y  s a l i e n t  s o u r c e  o f  a u d i t o r y  
s t i m u l a t i o n  - t h e  maternal v o i c e .  

Twenty-five h e a l t h y  f u l l - t e r m  neonates  were p r e s e n t e d  w i t h  
a l t e r n a t i o n s  o f  a p e r i o d  o f  s i l e n c e  fo l lowed by a p e r i o d  o f  
recorded  m o t h e r ' s  v o i c e .  The h e a r t  r a t e  d a t a  were ana lyzed  u s i n g  
s p e c t r a l  a n a l y s i s  which g e n e r a t e d  an  e s t i m a t e  o f  RSA, i .e . ,  t h e  
sum o f  s p e c t r a l  d e n s i t i e s  o v e r  t h e  r e s p i r a t o r y  band. R e s u l t s  show 
t h a t  newborns had a s i g n i f i c a n t l y  g r e a t e r  RSA d u r i n g  m o t h e r ' s  
v o i c e  a s  compared t o  p e r i o d s  o f  s i l e n c e .  As a n t i c i p a t e d ,  mean 
h e a r t  r a t e  and s u c k i n g ,  t r a d i t i o n a l  measures o f  s t i m u l u s  respon- 
s i v i t y ,  showed l e s s  s y s t e m a t i c  changes d u r i n g  s t i m u l a t i o n .  

The use  o f  RSA a s  a dependent measure o f  s t i m u l u s  r e a c t i v i t y  
p r o v i d e s  us w i t h  a n o t h e r  method f o r  i n v e s t i g a t i n g  newborn 
p e r c e p t u a l  and l e a r n i n g  c a p a b i l i t i e s .  Our d a t a  i n d i c a t e  t h a t  
t h i s  measure o f  parasympathe t ic  t o n e ,  i n  combinat ion  w i t h  o t h e r  
autonomic and behaviora l  measures ,  w i l l  enhance o u r  unders tand-  
i n g  o f  t h e  psychophys io logica l  responses  o f  newborn i n f a n t s .  
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S p e c i f i c  e x p r e s s i v e  l a n g u a g e  d e l a y  (ELD) is a 
d e v e l o p m e n t a l  d i s o r d e r  c h a r a c t e r i z e d  b y  s u b s t a n t i a l  
d e l a y  i n  e x p r e s s i v e  l a n g u a g e ,  w i t h  a g e - a p p r o p r i a t e  
c o g n i t i v e  a n d  r e c e p t i v e  l a n g u a g e  s k i l l .  O p i n i o n s  
d i f f e r  w i d e l y  o n  t h e  c l i n i c a l  s i g n i f i c a n c e  o f  ELD a n d  
w h e t h e r  it w a r r a n t s  i n t e r v e n t i o n .  A l t h o u g h  n e g a t i v e  
s e q u e l a e  i n  s c h o o l  a c h i e v e m e n t  a n d  m e n t a l  h e a l t h  a r e  
n o t e d  i n  l a n g u a g e  d i s o r d e r e d  p o p u l a t i o n s ,  t h e r e  a r e  
no p r o s p e c t i v e  l o n g i t u d i n a l  s t u d i e s  o f  2 t o  3 y e a r  
o l d  ELD c h i l d r e n .  T h e  p r e s e n t  s t u d y  f o l l o w e d  t h e  
l a n g u a g e  g r o w t h  o f  a c a r e f u l l y  d e f i n e d  s a m p l e  o f  ELD 
c h i l d r e n  over t h e  p e r i o d  j u s t  a f t e r  d i a g n o s i s .  
S t a n d a r d i z e d  assessments o f  IQ a n d  e x p r e s s i v e  a n d  
receptive l a n g u a g e  w e r e  c o m p l e t e d  a t  i n i t i a l  v i s i t  
a n d  a g a i n  f o u r  m o n t h s  l a t e r .  R e s u l t s  i n d i c a t e  t h a t  
t h e  e a r l y  d e v e l o p m e n t a l  c o u r s e  of ELD i s  h i g h l y  
v a r i a b l e ;  some c h i l d r e n  s h o w  m o d e r a t e  p r o g r e s s ,  some 
f u l l  recovery a n d  some l i t t l e  c h a n g e  i n  e x p r e s s i v e  
l a n g u a g e  s k i l l .  C o m p a r i s o n  w a s  m a d e  b e t w e e n  d e g r e e  
o f  improvement i n  t h i s  s a m p l e  a n d  t h a t  o f  a g r o u p  of 
ELD c h i l d r e n  i n  a h o m e - b a s e d  t r e a t m e n t  p r o g r a m .  T h e  
c o r r e l a t e s  t h a t  e m e r g e  f r o m  t h e  s t u d y  allow f o r  b e t -  
t e r  i n f o r m e d  treatment d e c i s i o n s  a n d  h i g h l i g h t  t h e  
r e l e v a n c e  o f  l o n g i t u d i n a l  a n a l y s i s  o f  ELD. 
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S i n u s  a r r h y t h m i a  i s  t h e  v a r i a t i o n  i n  h e a r t  r a t e  a t t r i b u t a b l e  
t o  r e s p i r a t i o n .  Fox and P o r g e s  (19%) have  found t h a t  t h e  
"amplitude" o f  s i n u s  a r r h y t h m i a  measured n e a r  b i r t h  is 
c o r r e l a t e d  wiLh developmental  outcome a t  8 and 12 months o f  
age. We wanted  t o  de termine  i f  age  and/or  h e a l t h  s i g n i f i c a n t l y  
a f f e c t e d  t h e  m a n i f e s t a t i o n  of  s i n u s  a r r h y t h m i a  i n  premature  
i n f a n t s  w h i l e  i n  t h e  NeoM tal I n t e n s i v e  Care Unit (NICU) . 

T h i r t e e n  pre term i n f a n t s  were  moni tored  o v e r  a 2-6 week 
p e r i o d  from as e a r l y  as 30 week8 c o n o e p t i o c a l  age  (CAI t o  35 
w e e b  CA. Hear t  r a t e  r e s p i r a t i o n ,  body movements, e y e  
movements, e y e  openings and c r y i n g  w e r e  r e c o r d e d  f o r  48  
c o n t i n w u s  h o u r s  p e r  week i n  t h e s e  i n f a n t s .  From t h e s e  
v a r i a b l e s ,  s l e e p w a k e  s t a t e s  and s i n u s  a r r h y t h m i a  were  
determined. 

I n s t a n t a n e o u s  h e a r t  r a t e  (IHR) was de termined  f o r  1 minute  
epochs  o f  q u i e t  s l e e p  u s i n g  t h e  method o f  C h e ~ g  a n d  P o r g e s  
(1977).  

F a s t  F o u r i e r  t ransf -s  o f  t h e  were  used  t o  e v a l u a t e  
s i n u s  a r rhythmia .  R e s u l t s  i n d i c a t e  t h a t  s i n u s  a r r h y t h m i a  i s  
e v i d e n t  i n  pre te rm i n f a n t s ,  and i n d i v i d u a l  d i f f e r e n c e s  i n  t h i s  
phenanenon may r e f l e c t  t h e  i n f a n t ' s  h e a l t h  s t a t u s  and  s l e e p  
s t a t e  w g a n i z a t i o n .  S i n u s  a r r h y t h m i a  a p p e a r s  t o  r e f l e c t  t h e  
d e g r e e  of b i o l o g i c a l  o r g a n i z a t i o n  of t h e  pre torm i n f a n t  and  h i s  
v u l n e r a b i l i t y  t o  envi ronmenta l  p e r t u r b a t i o n s  i n  t h e  NICU. 

Although p e d i a t r i c i a n s  a r e  showing a n  i n c r e a s i n g  i n t e r e s t  and 
concern  w i t h  r e g a r d  t o  c h i l d r e n  w i t h  l e a r n i n g  d i f f i c u l t i e s ,  t h e r e  
is  a l a c k  of w e l l - s t a n d a r d i z e d  assessment  t o o l s  t o  a i d  them i n  
i d e n t i f y i n g  t h e s e  c h i l d r e n .  The E i n s t e i n  Assessment of  School- 
R e l a t e d  S k i l l s  (EASRS) i s  a b r i e f  (7-10 min) ,  e a s i l y  a d m i n i s t e r e d  
s c r e e n i n g  i n s t r u m e n t  t h a t  measures r e a d i n g ,  a r i t h m e t i c ,  a u d i t o r y  
memory, language-cogni t ion ,  and v isua l -motor  a b i l i t i e s  of c h i l d r e n  
i n  g r a d e s  K-5. S t a n d a r d i z a t i o n  t e s t i n g  took  p l a c e  i n  t h e  f a l l ,  
1985 and i n  t h e  s p r i n g ,  1986 on o v e r  2300 c h i l d r e n  i n  r e g u l a r  
e d u c a t i o n  c l a s s e s  i n  g r a d e s  K-5 and on a lmost  200 c h i l d r e n  i n  t h e  
same g r a d e s  who had been d iagnosed  a s  l e a r n i n g  d i s a b l e d  (LD) by 
t h e  Committee on t h e  Handicapped i n  t h e i r  r e s p e c t i v e  s c h o o l  d i s -  
t r i c t s .  The sample was s e l e c t e d  t o  e n s u r e  r e p r e s e n t a t i v e n e s s  of  
t h e  f u l l  range  of academic a b i l i t y ,  socioeconomic s t a t u s ,  and s e x ,  
a s  w e l l  a s  v a r i o u s  urban  and suburban  r e g i o n s  i n  New York S t a t e .  
A n a l y s i s  f o r  b o t h  t h e  f a l l  and s p r i n g  r e v e a l e d  a h i g h  l e v e l  o f  
d i s c r i m i n a t i o n  on t h e  t o t a l  EASRS s c o r e  between t h e  normal and 
LD samples  i n  g r a d e s  2-5 (numbers of d iagnosed  LDs i n  g r a d e s  
K-1 were t o o  s m a l l  f o r  a n a l y s i s ) .  The median p e r c e n t  of r e g u l a r  
e d u c a t i o n  c h i l d r e n  i n  g r a d e s  2-5 p a s s i n g  was 77.5% i n  t h e  f a l l  
and 75.0% i n  t h e  s p r i n g ,  w h i l e  o n l y  22.5% and 16.077 o f  LDs passed  
t h e  t c s t  i n  t h e  f a l l  and s p r i n g ,  r e s p e c t i v e l y .  These d a t a  i n d i -  
c a t e  t h a t  t h e  EASRS is  a powerfu l  d e v i c e  i n  h e l p i n g  t h e  p r a c t i -  
t i o n e r  s c r e e n  and i d e n t i f y  c h i l d r e n  w i t h  l e a r n i n g  d i f f i c u l t i e s .  
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- ~ l t e r a t i o n s  in -sleep and ac t iv i ty  s t a t e s  of premature  
infants  have been used a s  an  index of neurological maturity.  The  
neurobehavioral s ta tus  of infants 25 t o  34 wks GA was investigated by 
examining t h e  ternporal charac ter i s t ics  of spontaneous behavior. In Phase 
I of t h e  study, movement pa t te rns  of 10 infants  were  observed during a t  
leas t  2 uninterrupted one  hour sessions a t  weekly intervals. Motility was 
classified in to  27 behavior categories and recorded sequentially in one 
minute t i m e  samples. In Phase  11, t h e  frequency and intensity of behavior 
activity in 9 infants was measured and recorded using a pressure-sensitive 
transducer under t h e  infant's head and torso  during three-hour sessions. 
The  da ta  were  monitored on-line by an  in te r face  and personal computer  
system. In Phase I, a l l  infants showed periodic bouts of vigorous ac t iv i ty  
which typically involved all  muscle groups, including t h e  face.  Bouts of 
activity,  m e a d E  26.321.05 s e c  in duration, reliably a l te rna ted  with 
periods of quiescence, m e a d E  0.232.005/min. Fourier analysis of Phase 
I1 motil i ty d a t a  showed evidence of cyclicity. Although a wide range of 
periodicities was found, motility rhythms clustered most frequently 
between 0.10 - 1.0 cycles/min. These motil i ty cyc le  parameters  concur 
with t h e  re la t ive  incidence of ac t iv i ty  in Phase 1 of study and suggest  t h a t  
oscillatory r a t e  is  a s tab le  fea ture  of premature  motil i ty patterning. 
Similar pa t te rns  have recently been reported in human fe ta l  behavior. Our 
results  a r e  consistent with these  findings and indicate cyclic motor 
ac t iv i ty  may represent an  endogenous charac ter i s t ic  of normal cent ra l  
nervous system function t h a t  is  independent of events  associated with 
early birth. 

CHILDREN EXPOSED TO METHADONE IN-UTERO: COGNITIVE 
ABILITY IN THE PRESCHOOL YEARS. Karol  Kal tenbach  and 054 L o r e t t a  P. Finnegan. J e f f e r s o n  Medica l  C o l l e g e  of  
t h e  Thomas J e f f e r s o n  U n i v e r s i t y ,  Department of 
P e d i a t r i c s ,  P h i l a d e l p h i a ,  PA. 

The outcome o f  i n f a n t s  born  t o  d r u g  dependent  wo- 
men main ta ined  on methadone d u r i n g  pregnancy h a s  been a n  a r e a  of  
s p e c i a l  concern .  The consequences of such  exposure  f o r  t h e  neo- 
n a t e  and young i n f a n t  have been widely  i n v e s t i g a t e d .  However, 
t h e r e  have been few s t u d i e s  t o  de termine  i f  p r e s c h o o l  c h i l d r e n  
exposed t o  methadone i n - u t e r o  have  impai red  c o g n i t i v e  f u n c t i o n i n g .  
The purpose  of t h i s  s t u d y  was t o  e v a l u a t e  t h e  c o g n i t i v e  f u n c t i o n  
of  p r e s c h o o l  c h i l d r e n  b o r n  t o  women main ta ined  on methadone dur- 
i n g  pregnancy. F o r t y - f i v e  c h i l d r e n  (27 methadone exposed c h i l d r e n  
(M) and 1 8  non-drug exposed comparison(C) c h i l d r e n )  were  eva lua-  
t e d  w i t h  t h e  McCarthy S c a l e  of C h i l d r e n ' s  A b i l i t i e s  when t h e  
c h i l d r e n  were between 3-112 and 4-112 y e a r s  of  age .  A l l  c h i l d r e n  
were p a r t i c i p a n t s  i n  a l o n g i t u d i n a l  s t u d y  examining developmenta l  
outcome from b i r t h  through 5 y e a r s  of  a g e .  The mean d a i l y  mate'r- 
n a l  methadone dose  d u r i n g  pregnancy was 38.42 mg. and 92% of  t h e  
c h i l d r e n  r e q l ~ i r e d  pharmacotherapy f o r  n e o n a t a l  a b s t i n e n c e .  Stu- 
d e n t  t - t e s t s  r e v e a l e d  no d i f f e r e n c e  between groups  on t h e  
McCarthy Genera l  C o g n i t i v e  Tndex(GC1) o r  any of  t h e  6 s u b s c a l e s .  
Mean s c o r e s  were:  GCI(M) 106.51 .  ( C )  106.05;  Verbal(M) 53 .44 ,  (C) 
54.33; Perceptua l (M)  55 .51  (C) 53; Q u a n t i t a t i v e ( M )  51.33 (C) 
53.38: Memory(M) 49.51, (C) 52 .27;  and Motor(M) 52.29. (C) 50.44. 
These r e s u l t s  i n d i c a t e  t h a t  t h e  g e n e r a l  c o g n i t i v e  a b i l i t y  of 
c h i l d r e n  i n  t h e  pre-school  y e a r s  who have  been exposed t o  metha- 
done i n - u t e r o  is not  impai red .  
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