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SONOGRAPHY OF MENINGOENCEPHALITIS AND VENTRICOLITIS

IN INFANCY

V. VÄRADI , I .  GYÖRGY, L .  KARMAZSIN

D e p a r t m e n t  o f  P a e d i a t r i c s ,  U n i v e r s i t y  M e d i c a l  S c h o o l  

o f  D e b r e c e n ,  H u n g a r y

R e c e i v e d  18 J a n u a r y  1988

On t h e  b a s i s  o f  e l e v e n  own c a s e s  s o n o g r a p h i c  f e a t u r e s  
o f  i n f a n t  m e n i n g o e n c e p h a l i t i s  . and v e n t r i c u l i t i s  a r e  
d i s c u s s e d .  The c h a r a c t e r i s t i c  f i n d i n g s  a re  as f o l l o w s :  
a b no rm a l  p a r e n c h y m a l  e c h o g e n i c i t y  o f  b r a i n ,  c h a n g e s  o f  
t h e  s i z e  and w a l l  echogenic i ty  o f  c e r e b r a l  v e n t r i c l e s  and 
t h a t  o f  c e r e b r o s p i n a l  f l u i d  e c h o g e n i c i t y .

INTRODUCTION

I t  i s  w e l l  known t h a t  i n f a n t  i n t r a c r a n i a l  ana tomy can  be 

c l e a r l y  shown w i t h  t r a n s f o n t a n e l l e  r e a l - t i m e  s o n o g r a p h y  / 1 , 1 0 / .  

S e v e r a l  a u t h o r s  have  r e p o r t e d  a b n o r m a l  s o n o g r a p h i c  f i n d i n g s  i n  

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

/ 4 , 5 , 6 , 9 , 1 7 /  and v e n t r i c u l i t i s  / 1 0 , 1 2 , 1 3 , 1 6 , 2 2 / .

I n f l a m m a t i o n  o f  t h e  m e n i n g e s ,  t h e  b r a i n  and t h e  v e n t r i c l e s  

may r e s u l t  f r o m  i n f e c t i o n  by b a c t e r i a l ,  v i r a l ,  f u n g a l ,  

r i c k e t t s i a l  and p r o t o z o a l  a g e n t s .  The s i t e  and e x t e n t  o f  

d i s e a s e  v a r y  f r o m  o r g a n i s m  t o  o r g a n i s m  and f r o m  case t o  c a s e .

The d i v e r s e  i n f l a m m a t o r y  l a e s i o n s  can be d e m o n s t r a t e d  

s u c c e s s f u l l y  by u l t r a s o u n d  as a b n o rm a l  p a r e n c h y m a l  

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

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

s i z e ,  v e n t r i c u l a r  w a l l  r e g u l a r i t y  and e c h o g e n i c i t y  o f  

c e r e b r o s p i n a l  f l u i d ,  and v e n t r i c u l a r  s e p t a t i o n s .
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SUBJECTS AND METHODS

The c r a n i a l  u l t r a s o n o g r a p h y  was p e r f o r m e d  w i t h  5Mhz 
t r a n s d u c e r  u s i n g  P i c k e r  LS 7 000 e q u i p m e n t ,  t h r o u g h  t h e  
a n t e r i o r  f o n t a n e l l e  as an a c u s t i c  w in d o w .  Eve ry  p a t i e n t  was 
e x a m i n e d  on b o t h  c o r o n a l  and p a r a s a g i t t a l  p l a n e s .  I n  t h e  l a s t  
tw o  y e a r s  we e x a m i n e d  1 1  p a t i e n t s  ( n e w b o r n s  and i n f a n t s )  w i t h  
a c q u i r e d  i n t r a c r a n i a l  i n f e c t i o n s .  S i x  o f  them had u n c o m p l i c a t e d  
b a c t e r i a l  m e n i n g i t i s ,  two  o f  them m e n i n g o e n c e p h a l i t i s ,  one 
n e w b o r n  m e n i n g i t i s  and v e n t r i c u l i t i s  and two  i n f a n t s  had s h u n t  
v e n t r i c u l i t i s .

A l l  i n f a n t s  u n d e r w e n t  s o n o g r a p h y  on a d m i s s i o n .  I f  t h e  
i n i t i a l  s t u d y  showed p a r e n c h y m a l  o r  v e n t r i c u l a r  a b n o r m a l i t i e s ;  
i f  new symptoms a p p e a r e d ;  i f  t h e  c e r e b r o s p i n a l  f l u i d  d i d  n o t  
c l e a r  w i t h  a n t i b i o t i c  t h e r a p y ;  o r  i f  t h e  i n f a n t ' s  c o n d i t i o n  
d e t e r i o r a t e d  a c u t e l y ,  s e q u e n t i a l  s t u d i e s  were p e r f o r m e d .

The scans  w e re  e v a l u a t e d  as t o  t h e  p r e s e n c e  o f  v e n t r i c u l a r  
s i z e ,  v e n t r i c u l a r  w a l l  r e g u l a r i t y  and e c h o g e n i t y ,  
i n t r a v e n t r i c u l a r  d e b r i s  and s e p t a t i o n s ,  i n c r e a s e d  o r  d e c r e a s e d  
d i f f u s e  o r  f o c a l  p a r e n c h y m a l  e c h o e s ,  e v i d e n c e  o f  
e n c e p h a l o m a l a c i a  o r  a b s c e s s  and u n u s u a l l y  b r i g h t  c o n v o l u t i o n s .  
Two p a t i e n t s  d i e d  and  t h e  s o n o g r a p h i c  f i n d i n g s  were c o r r e l a t e d  
w i t h  p o s t - m o r t e m  e x a m i n a t i o n .

RESULTS

A w id e  v a r i e t y  o f  s o n o g r a p h i c  a b n o r m a l i t i e s  were o b s e r v e d  i n  

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

c a s e s ,  where no a b n o r m a l i t i e s  were  f o u n d .  I n  one 

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

e c h o g e n i c i t y  w i t h  comp re ssed  c e r e b r a l  v e n t r i c l e s ,  s u g g e s t i n g  

c e r e b r a l  oedema ( F i g .  1 ) .  Some d a y s  l a t e r  f o c a l  a r e a s  o f  

i n c r e a s e d  and d e c r e a s e d  e c h o g e n i c i t y  d e v e l o p e d  i n  t h e  b r a i n  

pa re nch ym a  and v e r y  p r o m i n e n t  c o n v o l u t i o n a l  m a r k i n g  a p p e a r e d  

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

r e s p e c t i v e l y  ( F i g .  2 ) .  A f t e r  t h r e e  weeks  o f  coma t h e  b r a i n  l o s t  

i t s  u s u a l  s t r u c t u r a l  a p p e a ra n c e  on s o n o g r a p h y .  The p a t i e n t  d i e d  

and t h e  p o s t - m o r t e m  e x a m i n a t i o n  showed p u r u l e n t  e x u d a t e  o v e r  

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

o t h e r  m e n i n g o e n c e p h a l i t i s  c ase  we fo u n d  i n c r e a s e d  

p e r i v e n t r i c u l a r  e c h o g e n i t y ,  w h ic h  r e s o l v e d  i n  t h r e e  weeks  t i m e .

I n  cases  o f  s h u n t  v e n t r i c u l i t i s  m a r k e d l y  e c h o g e n i c  ependyma 

was v i s i b l e  w i t h  d i l a t i o n  o f  v e n t r i c l e s  and w i t h  e c h o g e n i c
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F i g .  1.  D i f f u s e  i n c r e a s e d  p a r e n c h y m a l  e c h o g e n i c i t y  w i t h  
compr essed  l a t e r a l  v e n t r i c l e s

c e r e b r o s p i n a l  f l u i d  i n  t h e  f i r s t  days  ( F i g s . 3  and 4 ) .  Some days 

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

( a n e c h o i c )  and e c h o g e n i c  d e b r i s  was p r e s e n t  i n  t h e  v e n t r i c l e s  

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

( F i g s .  4 and 5 ) .  I n  one case  t w o ,  a n e c h o i c  r e g u l a r  shaped  

format ions d e v e l o p e d  as t h e  i n f l a m m a t i o n  e x t e n d e d  i n t o  t h e  b r a i n  

p a r e n c h y m a ,  p o s s i b l y  e n c e p h a l o m a l a c i c  c y s t s  due t o  i n f l a m m a t o r y  

v a s c u l a r  o b s t r u c t i o n  and n e c r o s i s  ( F i g .  6 ) .

I n  t h e  n e o n a t a l  m e n i n g i t i s - v e n t r i c u l i t i s  c a s e ,  m i l d  d i f f u s e  

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

v e n t r i c l e s ,  w i t h  e c h o g e n i c  ependyma and e c h o g e n i c  c e r e b r o s p i n a l  

f l u i d .  The p a t i e n t  d i e d  and t h e  p o s t - m o r t e m  e x a m i n a t i o n  

r e v e a l e d  b r a i n  oedema, i n f l a m e d  m e n i n g e s  and v e n t r i c l e s  and 

p u r u l e n t  c e r e b r o s p i n a l  f l u i d .
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F i g . 2 .  Fo ca l  a r e a s  o f  i n c r e a s e d  and d e c r e a s e d  e c h o g e n i c i t y  i n
-------------  th e  b r a i n  p a r e n c h y m a .  P r o m i n e n t  c o n v o l u t i o n a l  m a r k i n g s

( a r r o w )

DISCUSSION

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

m e n i n g i t i s  f i r s t  was r e p o r t e d  by E dw ar ds  e t  a l  i n  1982  / 5 / .  

Th e y  foun d  t h e  e a r l i e s t  a b n o r m a l i t y  t o  be a f o c a l  i n c r e a s e  i n  

t h e  e c h o d e n s i t y  o f  t h e  c e r e b r a l  c o r t e x .  I t  was t h o u g h t  t o  be 

due  t o  m e n i n g o e n c e p h a l i t i s .  E c h o d e n s i t y  was p r e d o m i n a n t l y  seen 

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

g r e y / w h i t e  m a t t e r  i n t e r f a c e .  Levene  / 1 4 /  fo u n d  t h e  most  

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

w h i t e  m a t t e r  as d i d  we i n  b o t h  c a s e s  ( F i g .  2 ) .  These  a r e a s  

r e s o l v e d  w i t h  a n t i b i o t i c  t h e r a p y .  I n f a n t s  w i t h

m e n i n g o e n c e p h a l i t i s  may d e v e l o p  more w i d e s p r e a d  e c h o d e n s i t y  

t h r o u g h o u t  t h e  b r a i n  ( F i g .  1) o b s c u r i n g  a n a t o m i c a l  l a n d m a r k s  

/ 9 , 1 6 / .  T h is  d i f f u s e  change  i s  t h o u g h t  t o  r e p r e s e n t  oedema. 

Som e t i m e s  o t h e r  f o c a l  a b n o r m a l i t i e s  can  be f o u n d  s uch  as g y r a l  

i n f a r c t i o n  / 2 / ,  b r a i n  a b s c e s s  / 7 / ,  o r  n e c r o t i c  a r e a s  as a
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F i g .  3.  Echogen ependyma o f  l a t e r a l  v e n t r i c l e s  ( a r r o w ) ,  
--------------- i n c r e a s e d  e c h o g e n i c i t y  o f  c e r e b r o s p i n a l  f l u i d

r e s u l t  o f  c e r e b r a l  v a s c u l i t i s ,  v a s c u l a r  t h r o m b o s i s  and 

i n f a r c t i o n  / 1 5 ,  2 1 / .  C y s t i c  d e g e n e r a t i o n s  and c a l c i u m  d e p o s i t s  

i n  t h e  d e g e n e r a t e d  p e r i v e n t r i c u l a r  w h i t e  m a t t e r  a r e  most  

f r e q u e n t l y  seen i n  CMV and H e rp es  s i m p l e x  t y p .  2 i n f e c t i o n s  

/ 1 5 / .

V e n t r i c u l o m e g a l y  i s  c o n s i d e r e d  t o  be t h e  mos t  common 

c o m p l i c a t i o n  o f  m e n i n g o e n c e p h a l i t i s .  I n  t h e  a c u t e  s t a g e  i t  

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

t h e  s u r f a c e  o f  t h e  b r a i n .  V e n t r i c u l o m e g a l y  a p p e a r i n g  l a t e r  may 

r e p r e s e n t  t h e  l o s s  o f  b r a i n  pa re nch ym a  / 2 0 / .

E x t r a a x i a l  f l u i d  a c c u m u l a t e d  i n  t h e  s u b a r a c h n o i d  space  i s  an 

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

t h e  me n in ges  and w h i c h  w id e n s  t h e  i n t e r h a e m i s p h e r i c  f i s s u r e .  

F l u i d  c o l l e c t i o n  o v e r  t h e  c o n v e x i t y  c a n  be w e l l  seen by 7 . 5  MHz 

t r a n s d u c e r  w i t h  a s h o r t  f o c u s ;  t h i s  i s  t h e  so c a l l e d  " n e a r  

f i l e d  t e c h n i q u e " .  I n f l a m m a t o r y  e x u d a t e  i n c r e a s e s  t h e  b r i g h t n e s s
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F i g .  4 .  Next  s t a g e  o f  v e n t r i c u l i t i s :  h e t e r o g e n o u s  e c h o g e n i c i t y  
o f  c e r e b r o s p i n a l  f l u i d

o f  t h e  s u l c i  and w i d e n s  t h e  s u l c a l  ec h o e s  as w e l l  ( F i g .  2 . ,  

a r r o w )  / 9 / .

V e n t r i c u l i t i s  c a s e s  a r e  o f  i n t e r e s t ,  as 65-90% o f  n e o n a t a l  

m e n i n g i t i s  i s  a s s o c i a t e d  w i t h  v e n t r i c u l i t i s .  B a c t e r i a  i n  

n e o n a t a l  m e n i n g i t i s  e n t e r  f i r s t  i n t o  t h e  l a t e r a l  v e n t r i c l e s  

t h r o u g h  th e  c h o r o i d  p l e x u s ,  t h e n  a r e  t a k e n  i n t o  t h e  

s u b a r a c h n o i d  space  by c e r e b r o s p i n a l  f l u i d .  S o m e t i m e s  

v e n t r i c u l i t i s  o c c u r s  as  a c o m p l i c a t i o n  o f  v e n t r i c u l o - p e r i t o n e a l  

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

i m p o r t a n t  as i t  i n d i c a t e s  commenc ing  l o c a l  a n t i b i o t i c  

t r e a t m e n t ,  g i v e n  t h e  f a c t  t h a t  s y s t e m i c  a n t i b i o t i c s  may n o t  

r e a c h  t h e r a p e u t i c  l e v e l s  w i t h i n  t h e  v e n t r i c l e s  / 8 / .  The s t a g e s  

o f  v e n t r i c u l i t i s  can  be f o l l o w e d  by s o n o g r a p h y  / 2 2 / .  I n  t h e  

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

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

v e n t r i c l e s .  P r o m i n e n t  e c h o g e n i c  ependyma can be seen w i t h
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F i g . 5.  L a t e r  s t a g e  o f  v e n t r i c u l i t i s :  echogen d e b r i s ,  f i b r i n  
s t r a n d s  i n  t h e  s t r a n d s  i n  t h e  l a t e r a l  v e n t r i c l e s  (a r ro w )

i n c r e a s e d  e c h o g e n i c i t y  o f  c e r e b r o s p i n a l  f l u i d  ( F i g .  3 ) .  I n  t h e  

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

d e v e l o p i n g  f i b r i n  s t r a n d s  ( F i g .  4 )  and a week l a t e r  by 

v e n t r i c u l a r  s e p t a t i o n s .  The v e n t r i c u l a r  bands o r i g i n a t e  f r o m  

t h e  s u b e p endym a l  g l i a l ,  node / 3 , 1 2 , 1 3 , 1 6 , 1 8 / .  The s e p t a t i o n s  

c a u s e  c o m p a r t m e n t a l i z a t i o n  o f  p o r t i o n s  o f  v e n t r i c l e s .  A 

p a r t i c u l a r  dan g e r  o f  t h a t  i s  i s o l a t i o n  o f  an a rea o f  v e n t r i c l e  

w h i c h  r e m a i n s  i n f e c t e d  and may a c t  as a s o u r c e  o f  r e i n f e c t i o n  

even  i n  a d e q u a te  i n t r a v e n o u s  o r  i n t r a v e n t r i c u l a r  a n t i b i o t i c  

t h e r a p y .

We recommend t h a t  an i n i t i a l  s o n o g r a p h i c  s t u d y  be done  a t  

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

s t u d y  s h o u l d  be p e r f o r m e d  w i t h i n  one  week i f  t h e  i n i t i a l  s can  

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

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

( h y d r o c e p h a l u s ,  e n c e p h a l o m a l a c i a  a n d / o r  a b s c e s s ) .  I n  a d d i t i o n ,  

a r e p e a t e d  scan  i s  recommended i f  new symptoms a p p e a r ;  t h e
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F i g .  6 . End s t a g e  o f  v e n t r i c u l i t i s :  c a v i t i e s  o f  d i f f e r e n t  s i z e  
s e p a r a t e d  by  s e p t i ,  e n c e p h a l o m a l a c i c  c y s t s  a r e  a l s o  
seen ( a r r o w )

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

i f  t h e  i n f a n t s '  c o n d i t i o n  d e t e r i o r a t e s  a c u t e l y .  S c a n n i n g  i s  

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