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A n e w  le u ko e n ce ph alo path y w ith  
van is h in g w h ite  m atte r

M .S . v a n  d er  K n a a p , M D , P h D ; P .G . B a r th , M D , PhD ; F .J .M . G ab reëls, M D , P hD ; E . F r a n z o n i, M D ;

J .H . B e g e e r , M D , P h D ; H . S tro in k , M D; J .J . R o ttev ee l, M D , P hD ; and  J. V a lk , M D , P h D

A r t ic l e  a b s t r a c t — W e id e n t if ie d  n in e  ch ild re n  w ith  a  leu k o en cep h a lo p a th y  o f  s im ila r  ty p e  a cco rd in g  to  c lin ic a l a n d  M R I  
fin d in g s. T h e  p a t ie n ts  in c lu d e d  th r e e  a ffe c te d  s ib lin g  p a irs. T h e a g e  ra n g e  w a s  3 to 19 y ea rs . T he o n se t  o f  th e  d is e a s e  w a s  

in  ch ild h ood ; th e  c o u r se  w a s  b o th  ch ro n ic -p r o g ress iv e  and  ep isod ic, T h ere  w ere  ep iso d es  o f d e te r io r a tio n  fo llo w in g  
in fe c tio n s  a n d  m in o r  h e a d  tr a u m a s , a n d  th e s e  cou ld  r e s u lt  in  u n e x p la in e d  com a. In  e ig h t  p a t ie n ts  w ith  a d v a n c e d  d is e a s e ,  

M RI r e v e a le d  a  d iffu se  c e r e b r a l h e m isp h e r ic  leu k o en cep h a lo p a th y , in  w h ich  in c r e a s in g  a rea s  o f  th e  a b n o r m a l w h ite  
m a tte r  h a d  a s ig n a l  in t e n s i t y  c lo se  to  th a t  o f C S F  on  a ll p u lse  seq u en ces . In  on e  p a t ie n t  in  th e  ea r ly  s ta g e s  o f  d is e a s e ,  
in it ia l M R I sh o w e d  d if fu s e ly  a b n o r m a l cereb ra l w h ite  m a tter , w h ich  o n ly  rea ch ed  th e  s ig n a l c h a r a c te r is t ic s  o f  C S F  a t  a  

la te r  s ta g e . In  th e  p a t ie n ts  in  w h o m  th e  d is e a s e  w a s  ad van ced , m a g n etic  reso n a n ce  sp ectro sco p y  (M R S ) o f  th e  w h ite  
m a tte r  sh o w e d  an  a lm o s t  c o m p le te  d isa p p e a r a n c e  o f  a ll n orm al s ig n a ls  and  th e  p resen ce  o f  g lu co se  a n d  la c ta te ,  c o m p a tib le  
w ith  th e  p r e se n c e  o f  m a in ly  C S F  a n d  l i t t le  b ra in  t is s u e . S p ectra  o f th e  cortex  w e re  m u ch  b etter  p r e se r v e d . H o w e v e r , in  

a d d itio n  to  th e  n o r m a l r e s o n a n c e s , th e r e  w ere  s ig n a ls  r e p r e se n tin g  la c ta te  an d  g lu cose . M R S o f  t h e  w h ite  m a tte r  in  th e  
p a tie n t  w h o se  d is e a s e  w a s  a t  a n  e a r ly  s ta g e  w a s  m u ch  le s s  abnorm al. A u to p sy  in  on e p a t ie n t  co n firm ed  th e  p r e se n c e  o f  
e x te n s iv e  c y s t ic  d e g e n e r a t io n  o f  th e  cereb ra l w h ite  m a tte r  w ith  rea c tiv e  ch a n g e  an d  a p reserv ed  cortex . T y p ic a l in v o lv e 

m e n t o f  p o n tin e  t e g m e n ta l  w h ite  m a tte r  w a s  s u g g e s te d  by M R I an d  con firm ed  by au to p sy . T he d is e a s e  p ro b a b ly  h a s  a n  
a u to so m a l r e c e s s iv e  m o d e  o f  in h e r ita n c e , b u t th e  b a s ic  m eta b o lic  d efect is  n o t k n ow n .
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T h ere is  a  g r o w in g  n u m b e r  o f  p r o g r e ss iv e  e n c e p h a 

lo p a th ie s  id e n t if ie d  a n d  d e fin e d  b y  e n z y m e  d efect, 
g en e  d e fe c t , or b o th .1 M R I h a s  c o n tr ib u te d  co n sid er 

ab ly  to  th e  d e te c t io n  o f  le u k o e n c e p h a lo p a th ie s ,2 b u t a 
s ig n if ic a n t  p ro p o rtio n  r e m a in s  u n c la s s if ie d .3 In  som e  
c a se s , M R I a n d  m a g n e t ic  r e s o n a n c e  sp e c tr o sco p y  
(M R S) f in d in g s  a re  s u ff ic ie n t ly  d is t in c t  to b e  u se d  as  
cr iter ia  for a  c la s s ify in g  d ia g n o s is .4

A s p a r t  o f  a n  o n g o in g  s tu d y  o f  u n c la s s if ie d  le u 

k o e n c e p h a lo p a th ie s , w e  id e n t if ie d  n in e  p a t ie n ts  w ith  
a d is t in c t  d iso rd er , a s  d e fin e d  b y  c lin ic a l an d  M R I 
cr iter ia . W e d escr ib e  th e  c lin ic a l p ic tu re , m eta b o lic  
in v e s t ig a t io n s , a n d  n e u r o p h y s io lo g ic  s tu d ie s , as w e ll  
as M R I, M R S , a n d  a u to p sy  f in d in g s , a n d  p rov id e  
cr iter ia  for th e  d ia g n o s is .

M e t h o d s .  C lin ic a l h is to r y , n e u r o lo g ic  f in d in g s , b io ch em i 

cal t e s t s ,  a n d  n e u r o p h y s io lo g ic  s tu d ie s  w e r e  d o cu m en ted .

A ll n in e  p a t ie n ts  u n d e rw e n t M R I, s ix  o f  th e m  on  tw o  

o c c a s io n s . In  a ll  p a t ie n ts ,  ^ - w e i g h t e d  (T XW ), p r o to n -  

d e n s ity  (P D ), a n d  T 2-w e ig h te d  (T2W ) im a g e s  w e r e  m a d e . 

T h e im a g e s  w ere  e v a lu a te d  for th e  lo c a liz a t io n  a n d  a p p e a r 

an ce o f w h ite -m a tte r  a b n o r m a lit ie s  a n d  th e  p r e se n c e  o f  

g ra y -m a tter  le s io n s  w ith  th e  h e lp  o f  a  s ta n d a r d iz e d  sc o r in g  

l is t  (see  referen ce  5 for d e ta ils ) .

P roton  ^ H ) M R S w a s p erform ed  in  fiv e  p a t ie n t s  (p a 

t ie n ts  3, 4 , 5 , 7, an d  9) w ith  th e  s ta n d a r d  im a g in g  h e a d  

coil. W e u se d  s in g le -v o x e l sp ectro sco p y  in  ord er  to  a c h ie v e  

a h ig h -q u a lity  a s s e s s m e n t  o f th e  n e u r o c h e m ic a l c o m p o s i 

t ion  o f w h ite  m a tter  v e r su s  cortex. A  2 X 2 X 2 cm3 v o x e l 

w a s  ch o sen  in  th e  m id -o cc ip ita l a rea , c o n ta in in g  m a in ly  

occip ita l cortex  o f  b oth  h e m isp h e r e s  a n d  so m e  w h ite  m a t 

ter  and  C SF. A n o th er  v o x e l o f  2 X 2 X 2 c m 3 w a s  c h o se n  in  

th e  p a rieto -o cc ip ita l area , c o n ta in in g  w h ite  m a t te r  a n d , a t  

m o st, som e v e n tr ic u la r  C SF. T h e sp e c tr a  w e r e  a cq u ir ed  

w ith  u se  o f th e  P R E S S  seq u en ce , w ith  a  r e p e t it io n  t im e  o f
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2 ,5 0 0  m s e c , e c h o  t im e s  o f  1 3 5  a n d  2 7 0  m s e c ,  a n d  1 2 8  
a c q u is i t io n s  ( s e e  r e fe r e n c e  6  fo r  t e c h n ic a l  d e ta i ls ) ,  a n d  th e  
S T E A M  s e q u e n c e , w ith  a  r e p e t i t io n  t im e  o f  2 ,5 0 0  m se c , a n  
ec h o  t im e  o f  2 0  m s e c , a n d  1 2 8  a c q u is i t io n s  ( s e e  r e fe r e n c e  7 
for te c h n ic a l  d e ta i ls ) .  A n o th e r  p r o c e d u r e  w a s  u s e d  in  p a 

t i e n t  9 o n ly . M R  s p e c tr a  w e r e  o b ta in e d  from  th r e e  2  X 2 X 

2  c m 3 v o x e ls  in  th e  le f t  fr o n ta l a n d  le f t  a n d  r ig h t  o c c ip ita l  
w h ite  m a t te r ,  w ith  u s e  o f  t h e  P R E S S  s e q u e n c e  w ith  a n  
ec h o  t im e  o f  1 3 5  m s e c . T h e  a v e r a g e d  m e a s u r e m e n ts  w e r e  
z e r o -f il le d  to  2 ,0 4 8  d a ta  p o in t s ,  e x p o n e n t ia l ly  f i lte r e d  to  
g iv e  1-H z l in e -b r o a d e n in g  b e fo r e  fa s t -F o u r ie r  tr a n s fo r m a 

t io n . T h e  s p e c tr a  w e r e  q u a n t if ie d  b y  p e a k  a r e a  m e a s u r e 

m e n ts  w ith  s y s t e m  s o f tw a r e  (S ie m e n s  S P  6 3 ). R a t io s  o f  
c o n c e n tr a t io n s  o f  m e t a b o l i t e s  w e r e  c a lc u la te d  r e la t iv e  to  
c r e a t in e  (C r). W e d id  n o t  c o n v e r t  t h e s e  r a t io s  in to  “a b s o 

lu t e ” c o n c e n tr a t io n s  w ith  t h e  h e lp  o f  k n o w n  C r or t i s s u e  
w a te r  c o n c e n tr a t io n s , a s , c o n s id e r in g  th e  e x t e n t  o f  t i s s u e  
d a m a g e  a n d  lo s s ,  a l l  m e t a b o l i t e s ,  in c lu d in g  C r, w e r e  p r o b 

a b ly  c o n s id e r a b ly  d e c r e a s e d  a n d  t i s s u e  w a t e r  h ig h ly  in 

c r e a se d .

A u to p s y  w a s  p e r fo r m e d  in  p a t ie n t  2. T h e  b r a in  a n d  
s p in a l  cord  w e r e  f ix e d  in  4%  fo r m a ld e h y d e . F o r  h is to p a th o 

lo g ic  e x a m in a t io n ,  p a r a f f in  s e c t io n s  w e r e  s t a in e d  w it h  
h e m a to x y l in -e o s in ,  L u x o l f a s t  b lu e , N is s l ,  S u d a n  b la c k , 
K lu v e r , a n d  B o d ia n  s ta in .  I n  a d d it io n , im m u n o s t a in in g  
w a s  p e r fo r m e d  fo r  m y e l in  b a s ic  p r o te in  (M B P ), g l ia l  f ib r i l 

la r y  a c id ic  p r o te in  (G F A P ), n e u r o f i la m e n t ,  a n d  n e u r o n -  
sp e c if ic  e n o la s e  (N S E ).

R e s u l t s *  Clinical profiles. T h e  c l in ic a l  d a ta  a re  s u m m a 

r iz e d  in  ta b le  1 . A  fu l l  d e s c r ip t io n  o f  tw o  r e p r e s e n ta t iv e  
p a t ie n t s  i s  p r e s e n te d  b e lo w .

P a t ie n t  1 is  a  f e m a le , b o rn  in  M a r c h  1 9 8 7 , f ir s t  c h ild  o f  
h e a lth y , u n r e la te d  p a r e n t s .  I n i t ia l  p sy c h o m o to r  d e v e lo p 

m e n t  w a s  n o r m a l. S h e  c o u ld  w a lk  in d e p e n d e n t ly  a t  th e  a g e  
o f  15  m o n th s , b u t  h e r  g a i t  w a s  n e v e r  q u ite  s ta b le . A t th e  
a g e  o f  2Y2 y e a r s ,  m o to r  c o o r d in a t io n  d e te r io r a te d  w it h in  

th e  c o u r se  o f  a  fe w  w e e k s .  S h e  s to p p e d  s p e a k in g . R e c u r 

r e n t  v o m it in g  o c cu rr ed . B e h a v io r a l  c h a n g e s  w e r e  p r e s e n t  
w ith  ir r i ta b i l i ty  a n d  s c r e a m in g . T h e  g ir l  b e c a m e  a p a th e t ic ,  
s o m n o le n t , a n d , f in a lly , c o m a to s e . O v e r  a  p e r io d  o f  a  fe w  
m o n th s  s h e  m a d e  a p a r t ia l  r e c o v e r y . T h e  s u b s e q u e n t  
c o u r se  o f  t h e  d is e a s e  w a s  c h a r a c te r iz e d  b y  e p is o d ic  d e te r i 

o r a tio n  fo llo w in g  m in o r  in fe c t io n s ,  u s u a l ly  o f  th e  u p p e r  
r e s p ir a to r y  tr a c t , a c c o m p a n ie d  b y  fe v e r . D u r in g  t h e s e  e p i 

s o d e s , s h e  s o m e t im e s  h a d  to n ic -c lo n ic  s e iz u r e s .  O n  s e v e r a l  
o c c a s io n s , t h e  d e te r io r a t io n  le d  to  r e c u r r e n t  v o m it in g  a n d  
lo w e r in g  o f  c o n s c io u s n e s s .  S h e  d ie d  in  N o v e m b e r  1 9 9 3  d u r 

in g  h e r  fo u r th  c o m a , w h ic h  fo llo w e d  a  u r in a r y  tr a c t  in fe c 

t io n  w ith  fe v er .

T h e  n e u r o lo g ic  f in d in g s  in  th e  c o u r se  o f  h e r  d is e a s e  
in c lu d e d  n o r m a l e y e  m o v e m e n ts ,  n o  n y s t a g m u s ,  p r o m in e n t  
c e r e b e lla r  a ta x ia ,  d y s a r t h r ia ,  a n d  s o m e  s p a s t ic i t y  w it h  
b r is k  te n d o n  r e f le x e s  a n d  e x t e n s o r  p la n ta r  r e f le x e s . S h e  
r e m a in e d  n o r  m o  c e p h a lic . S h e  d e v e lo p e d  o p t ic  a tr o p h y  a t  
th e  a g e  o f  5 y e a r s .  T h e r e  w a s  n o  c lin ic a l e v id e n c e  o f  p e 

r ip h e r a l n e r v e  in v o lv e m e n t .  M e n ta l  fu n c t io n s  w e r e  b e t te r  
p r e s e r v e d  t h a n  m o to r  fu n c t io n s .

P a t ie n t  2 i s  th e  y o u n g e r  s i s t e r  o f  p a t ie n t  1 , b o rn  in  
A u g u s t  1 9 8 9 . H e r  p s y c h o m o to r  d e v e lo p m e n t  w a s  s l ig h t ly  
r e ta r d e d . S h e  w a lk e d  in d e p e n d e n t ly  a t  th e  a g e  o f  2  y e a r s .  
H e r  g a it  w a s  m ild ly  u n s t a b le  a n d  g r a d u a lly  d e te r io r a te d  
w ith in  a  m a t t e r  o f  m o n th s . A t  t h e  a g e  o f  2Vfe y e a r s , sh e  f e l l  
o ff  th e  co u ch  a n d  w a s  u n c o n s c io u s  for  a  f e w  m in u te s .  O n

r e g a in in g  c o n sc io u sn e ss , h e r  g a it  h a d  b ec o m e  le s s  s ta b le . 

S h e  reco v ered  w ith in  a  fe w  w e e k s . A n o th e r  fa ll  fro m  th e  

cou ch  3 m o n th s  la te r  im m e d ia te ly  r e s u lte d  in  d e c r e a se d  

s ta b il ity  a n d  lo s s  o f  th e  a b ility  to  w a lk  in d e p e n d e n t ly ,  

w h ic h  s h e  n e v e r  r e g a in e d . T h e  s u b s e q u e n t  c o u r se  o f  d is 

e a s e  w a s  c h a r a c te r iz e d  by  c h r o n ic -p r o g r ess iv e  a n d  so m e 

t im e s  s te p w is e  d e te r io r a tio n  o f  m o to r  c o o r d in a tio n  a n d  v i 

s io n , b u t  s h e  d id  n o t su ffer  e p iso d e s  o f  m ajor  d e te r io r a tio n  

or com a. S h e  h a d  in fr e q u e n t  e p ile p tic  s e iz u r e s . In  A p ril 

1 9 9 5  s h e  h a d  a m in o r  u p p er  r e sp ir a to r y  tr a c t  in fe c tio n , 

w h ic h  w a s  fo llo w e d  b y  r a p id  d e te r io r a tio n  a n d  lo s s  o f  m o 

to r  fu n c tio n , fr e q u e n t  v o m it in g , e p ile p t ic  s e iz u r e s ,  and  

com a. S h e  d ied  in  J u n e  1995  a fter  p ro lo n g ed  co m a .

T h e n eu ro lo g ic  f in d in g s  in  th e  co u rse  o f  h e r  d ise a se  

in c lu d e d  n o rm a l e y e  m o v e m e n ts , no  n y s ta g m u s , se v e r e  

c e r e b e lla r  a ta x ia , a n d  so m e  s p a s t ic ity  w ith  b r is k  te n d o n  

r e fle x e s . H e a d  c ir cu m fe re n ce  w a s n o rm a l. S h e  d e v e lo p e d  

o p tic  a tro p h y  a t  th e  a g e  o f  4  y e a r s . T h e r e  w a s  n o  c lin ica l 

e v id e n c e  o f  p e r ip h e r a l n e r v e  in v o lv e m e n t , a n d  m e n ta l  

fu n c tio n s  w ere  r e la t iv e ly  p r eser v ed .

Laboratory investigations. M a n y  o f  t h e  la b o r a to r y  

t e s t s  w e r e  p erfo rm ed  o n ly  in  th e  f ir s t  o f  tw o  a f fe c te d  s ib 

l in g s  w ith in  on e  fa m ily .

In  a ll  p a t ie n ts , r o u tin e  b lo o d  t e s t s  w ith  a s s e s s m e n t  of 

l iv e r  fu n c t io n , r e n a l  fu n c t io n , g lu c o s e , c a p i l la r y  b lood  

g a s e s , ca lc iu m , a n d  p h o sp h a te  w e r e  n o r m a l. T h e r e  w a s  no 

e v id e n c e  o f an  a u to im m u n e  d iso rd er  (p a t ie n t  1). L u m b ar  

p u n c tu r e , p erfo rm ed  e ith e r  d u r in g  a n  e p iso d e  o f  co m a  or 

su b co m a  (p a t ie n ts  1, 3 , 5 , a n d  7) or in  a  p e r io d  o f  r e la t iv e  

s ta b il ity  (p a t ie n ts  2, 5, 6 , 7, 8 , an d  9) r e v e a le d  n o r m a l C SF  

p ro te in  le v e l, ce ll co u n t, g lu c o se , IgG  in d e x , la c ta te ,  an d  

p y r u v a te , an d  no e v id e n c e  o f  o lig o c lo n a l b a n d in g . S o m e  

e le v a t io n  o f C S F  la c ta te  w a s  fou n d  o n ly  in  p a t ie n t s  3 a n d  7 

d u r in g  e p iso d e s  o f  d e te r io r a tio n , b u t th e  le v e l  r e tu r n e d  to 

n o rm a l a s  th e y  im p ro v ed . In  p a t ie n t  1, so m e  e le v a t io n  of 

C S F  p ro te in  w a s  fo u n d  on ce  d u r in g  a n  e p iso d e  o f  d e te r io 

ra tio n . C S F  le v e l  o f  M B P  w a s  n o rm a l in  p a t ie n t  3 an d  

e le v a te d  d u r in g  a p er io d  o f  d e te r io r a tio n  in  p a t ie n t  7 , r e 

tu r n in g  to  n o r m a l a fte r  c lin ic a l im p r o v e m e n t. C S F  G A B  A  

(p a t ie n t  2 ) a n d  5 -H IA A  a n d  H V A  (p a t ie n ts  3 a n d  7) w ere  

n o r m a l. A c t iv e  in fe c t io n  w ith  Borrelia burgdorferi (p a 

t ie n t s  1 an d  7), n eu ro tro p ic  v ir u se s  (p a t ie n ts  1, 3 , 7 , a n d  8 ), 

a n d  Mycoplasma pneumoniae  (p a t ie n ts  3 a n d  7) w a s  ex 

c lu d ed  b y  a n a ly s is  o f  b lood  a n d  C S F . V ita m in  B l3 B 2 (p a 

t ie n t  1), B 12 (p a t ie n ts  1 a n d  7), fo lic  a c id  (p a t ie n t  7), an d  

v ita m in  E  le v e ls  (p a t ie n ts  1 a n d  6 ) w e r e  n o r m a l. N o  e v i 

d en ce  o f  th y r o id  d y s fu n c tio n  (p a t ie n ts  1 , 3 , 6 , a n d  7 ), a d r e 

n a l d y sfu n c tio n  (p a t ie n ts  3, 5 , 6 , a n d  7), or g o n a d a l d y s 

fu n c tio n  (p a t ie n t  3 , a g e  19 y e a r s )  w a s  fo u n d . S e r u m  le v e ls  

o f  copp er a n d  c e r u lo p la sm in  w e re  n o rm a l (p a t ie n ts  1 , 3 , 6 , 

a n d  7). M e ta b o lic  s c r e e n in g  o f  a  2 4 -h o u r  s a m p le  o f  u r in e , 

w ith  a s s e s s m e n t  o f  a m in o  a c id s , o rg a n ic  a c id s , o lig o s a c c h a 

r id e s , m o n o sa c c h a r id e s , d isa c c h a r id e s , m u c o p o ly sa c c h a r 

id e s , p u r in e s , a n d  p y r im id in e s , w a s  n o r m a l in  a l l  p a t ie n ts ,  

w ith  th e  e x c e p t io n  o f  p a t ie n t  5 (se e  b e lo w ). A m in o  a c id s  in  

p la s m a  w e r e  n o r m a l. S e r u m  le v e ls  o f  a m m o n ia , la c ta te ,  

p y r u v a te , a c e to a c e ta te , 3 -h y d r o x y b u ty r a te , a n d  c a r n it in e  

w e r e  n o r m a l in  a l l  p a t ie n ts  w ith  th e  e x c e p t io n  o f  p a t ie n t  7 

( s e e  b e lo w ). T r a n s fe r r in  fo c u s in g  o f  b lood  s a m p le s  r e v e a le d  

a  n o rm a l su b fr a c tio n  d is tr ib u tio n  (p a t ie n ts  3 , 4 , a n d  7 ). 

A s s e s s m e n t  o f ly s o s o m a l e n z y m e s  in  le u k o c y te s , in  p a r t ic 

u la r  a r y ls u lfa ta s e  A , g a la c to c e r e b r o s id e  p -g a la c to s id a s e ,
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T able 1 Clinical history and present findings
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T a b le  2 lH  M R S findings, a s obtained from  the cortex voxel

P R E S S  135 sp e c tra S T E A M  20 s p e c t r a

A ge (yr) N A A /C r C ho/C r N A A /C r C h o /C r m ln o /C

P a t i e n t

3 18 1.45 0.67 1.32 0,58 0.60

4 15 1.57 0.83 1.45 0.70 0 .52

5 12 1.35 0.79 1.23 0.69 0,58

7 9 1.25 0.85 1.18 0.76 0.62

C on tro l

1 8 1.72 0.73 1.57 0.59 0 .64

2 12 1.76 0.68 1.50 0.54 0.59

3 17 1.70 0,70 1.63 0,59 0.68

der. In o th e r  p a t ie n ts , th e  v e n tr ic u la r  l in in g  w a s  q u ite  

c lea r , w h e r e a s  a ll or m o st  o f  th e  w h ite  m a tte r  w a s  o th e r 

w is e  in d is t in g u is h a b le  from  C S F  (se e  fig u re  2 ). In  so m e  
p a tie n ts , a  fin e m esh  w ork  of res id u a l s tra n d s o f b ra in  t is su e  
w a s  se e n  in  th e  areas o f  C SF -like w h ite  m a tte r  (figure 1A).

O n ly  t h e  f ir s t  M R I o f  p a t ie n t  9, o b ta in ed  b efo re  th e  

d e v e lo p m e n t  o f so m a tic  n eu ro lo g ic  a b n o r m a lit ie s , w a s  d if 

fe r e n t . T h e  cereb ra l w h ite  m a tte r  h a d  a h o m o g e n e o u s  h ig h  
s ig n a l  in te n s ity  on  b o th  P D  an d  T 2W  im a g e s , R e p e a t  M R I 
o b ta in e d  a fter  o n se t  o f  so m a tic  n e u r o lo g ic  d e te r io r a tio n  

sh o w e d  t h a t  p a rts  o f  th e  cereb ra l w h ite  m a tte r  n o w  h a d  a  
lo w e r  s ig n a l  in te n s ity  on  P D  im a g e s , c lo se  to  th a t  o f  C SF ,

I n  m o s t  p a t ie n ts , th e  w h ite  m a tte r  a p p ea red  m ild ly  

sw o lle n  w ith  so m e  b ro a d en in g  o f  g y r i, p a r tic u la r ly  in  p a 

t i e n t  5 ( s e e  fig u re  2). T h e  la te r a l v e n tr ic le s  w e r e  m ild ly  to  

m o d e r a te ly  en la rg ed  in  p a t ie n ts  3, 4 , a n d  5, b u t th e y  w ere  
n o r m a l in  th e  o th ers. T h e  in n e r  r im  o f th e  corp u s c a llo su m  

w a s  in v o lv e d  in  a ll p a t ie n ts  e x c e p t p a t ie n t  3, w h e r e a s  th e  
o u te r  r im  o f  th e  corp u s c a llo su m  w a s  sp a red  in  a ll  b u t  
p a t ie n t  5 . T h e p o ster io r  lim b  o f th e  in te r n a l  c a p su le  w a s  

a ffe c te d  in  p a t ie n ts  1, 5 , 7, a n d  8 ; th e  a n te r io r  lim b  w a s  

sp a r e d  in  a ll  p a t ie n ts . T h e s ig n a l in te n s ity  o f  th e  c e r e b e l 

lar  w h ite  m a tte r  w a s  m ild ly  e le v a te d  in  a ll p a t ie n ts  on  
b o th  P D  a n d  T 2W  im a g e s . A ll p a t ie n ts  e x c e p t n u m b e r  9 

h a d  so m e  cereb e lla r  a trop h y , p a r t ic u la r ly  in v o lv in g  th e  

v e r m is . B o th  c e r e b e lla r  v e r m is  a n d  h e m is p h e r e s  w e r e  
h ig h ly  a tro p h ic  in  p a t ie n t  5, w h o  a lso  sh o w e d  a tr o p h y  o f  

th e  b r a in  s te m . A  s tr ik in g  f in d in g  in  a ll  p a t ie n ts  e x c e p t  

n u m b e r s  3 an d  5 c o n s is te d  o f  tw o sy m m e tr ic a l h ig h  s ig n a l  
in t e n s i t y  d o ts  in  th e  p o n tin e  te g m e n tu m  on  P D  a n d  T 2W  

im a g e s  (fig u re  ID ). P y r a m id a l tr a c ts  in  p o n s  a n d  m e s e n 

c e p h a lo n  w e r e  in v o lv e d  in  p a t ie n ts  1, 3 , 4 , a n d  9. A  ca v u m  

s e p t i  p e llu c id i an d  ca v u m  v e rg a e  o f  v a r ia b le  s iz e  w e r e  
p r e s e n t  in  a l l  b u t p a t ie n ts  8 a n d  9. N o  s ig n a l a b n o r m a lit ie s  

w e r e  s e e n  in  g r a y -m a tte r  s tr u c tu r e s .

O n  fo llo w -u p , M R I w a s  u n c h a n g e d  in  p a t ie n t  4 , sh o w e d  
a n  in c r e a s e  in  C S F -lik e  w h ite -m a tte r  a r e a s  in  p a t ie n ts  1 ,

3 , 7 , a n d  9 , a n d  sh o w e d  a n  in c r e a se  in  c e r e b e lla r  a tro p h y  

in  p a t ie n t s  1 , 5, a n d  7.

Magnetic resonance spectroscopy. In  p a t ie n ts  3, 4 , 5 , 

an d  7 , M R S  w a s  p erform ed  w h e n  th e  d is e a s e  w a s  in  a n  
a d v a n c e d  s ta g e . T h e  sp ectro sco p ic  f in d in g s  w e r e  s im ila r .

W e ll-d e f in e d  sp e c tr a  w ere  o b ta in e d  fro m  th e  v o x e l con 

t a in in g  m a in ly  co rtex  (ta b le  2 ). T h e  P R E S S  sp ec tra , ob 

ta in e d  w ith  an  ech o  t im e  of 1 35  m sec , sh o w e d  a d ecr e a sed

N -  a c e ty l  a sp  a r t  a te  (N A A , 2 .0 2  p p m ) a n d  a  n o r m a l ox 
s l ig h t ly  e le v a te d  c h o lin e  le v e l  (C ho, 3 .2 1  p p m ) r e la t iv e  to 
C r (3 .0 2  p p m ). A n  in v e r te d  d o u b le t  w a s  s e e n  c e n te r e d  at 

1 .3 3  p p m  w ith  a  7 -H z  s p in -sp in  s p lit t in g . W ith  u s e  o f  an  
ech o  t im e  o f  2 7 0  m se c , th e  d o u b le t  w a s  a g a in  in  th e  u p 

r ig h t  p o s it io n , c o n fir m in g  it  to  be la c ta te . M in o r  s ig n a ls  

w e r e  c o n s is te n t ly  s e e n  a t  3 .5 6  p p m  (m /yo-in osito l, m ln o )  
a n d  a t  3 .4 3  a n d  3 .8  p p m  ( in te r p r e te d  a s  g lu c o se ) . T h e  
S T E A M  sp e c tr a , o b ta in e d  w ith  a n  ech o  t im e  o f  2 0  m sec , 

co n firm e d  th e  d e c r e a se  in  N A A  a n d  t h e  n o r m a l or m ild ly  

e le v a te d  le v e l  o f  C ho r e la t iv e  to  Cr (f ig u re  3). T h e  r e la t iv e  
le v e l  o f  m ln o  w a s  in  th e  n o rm a l or lo w -n o r m a l r a n g e . In  
p a t ie n ts  3 a n d  5, v e r y  h ig h  a d d it io n a l r e s o n a n c e s  w ere  

s e e n  a t  1 .3 3 , 3 .4 3 , a n d  3 .8  p p m  (s e e  f ig u r e  3); in  p a t ie n t s  4  
a n d  7, t h e s e  p e a k s  w e r e  a lso  p r e se n t , b u t  t h e y  w e r e  low er .

O n ly  m in o r  r e so n a n c e s  w e r e  o b ta in e d  fro m  t h e  w h ite -  

m a tte r  v o x e l in  a ll  fo u r  p a t ie n ts  (fig u re  4). T h e  p e a k s  o f  

N A A , C ho, Cr, a n d  m ln o  w e r e  j u s t  d isc e r n ib le  w ith in  th e  
n o ise . A  s m a ll  la c ta te  d o u b le t w a s  v is ib le  a t  1 .3 3  p p m . T h e  
S T E A M  sp e c tr a  o b ta in e d  w ith  a n  ech o  t im e  o f  2 0  m se c  

sh o w e d  s m a ll  a d d it io n a l r e s o n a n c e s  a t  3 .4 3  a n d  3 .8 0  p p m .

In  p a t ie n t  9, w h ite -m a tte r  sp e c tr a  w e r e  o b ta in e d  so o n  
a fte r  th e  o n s e t  o f  n eu ro lo g ic  d e te r io r a tio n  a n d  r e v e a le d  

w e ll-d e f in e d  p e a k s  o f  n e a r -n o r m a l h e ig h t . R e la t iv e  to  Cr, 

N A A  w a s  m ild ly  d e c r e a se d  a n d  C ho m ild ly  in c r e a se d . N o  
e v id e n c e  o f  e le v a te d  r e so n a n c e s  a t  1 .3 3 , 3 .4 3 , a n d  3 .8  p p m  

w a s  fou n d .

Histopathologic find ings . I n  th e  c a se  o f  p a t ie n t  2 , a  
fu ll  a u to p sy  w a s  p erfo rm ed . A n  e x te n s iv e  b r o n c h o p n e u m o 

n ia  w ith  a lv e o la r  h e m o r r h a g e  a n d  e d e m a  w a s  fo u n d  to  
h a v e  a f fe c te d  b o th  lu n g s .  S o m e  h e p a t ic  s t e a t o s i s  w a s  
p r e se n t. T h e r e  w e r e  b ila te r a l s tr e a k  o v a r ia . O th e r w ise ,  

b o d y  a u to p sy  f in d in g s  w e r e  u n r e m a r k a b le .

B r a in  w e ig h t  w a s  1 ,2 2 4  g ra m s. E x te r n a l e x a m in a t io n  o f  

th e  fix ed  b r a in  r e v e a le d  so m e  s w e l l in g  o f  th e  su r fa c e  w ith  
f la t te n in g  o f  g y r i. N o  c in g u la te  or h ip p o c a m p a l h e r n ia t io n  
or g r o o v in g  w a s  n o ted . C oron a l s e c t io n s  o f  th e  b r a in  r e 

v e a le d  d if fu s e  a b n o r m a lity  o f t h e  c e r e b r a l h e m is p h e r ic  

w h ite  m a tte r , w h ic h  w a s  p a r t ly  g e la t in o u s  a n d  p a r t ly  c y s 

t ic  (fig u re  5). A  f in e  m e sh w o r k  o f  r e s id u a l t i s s u e  s tr a n d s  
w a s  o b se rv ed  w ith in  so m e  o f th e  c y s t ic  a r e a s . C ereb ra l  
cortex , b a s a l n u c le i, th a la m i, b r a in  s te m , a n d  c e r e b e lla r  

w h ite  m a tte r  w e r e  m a c r o sc o p ic a lly  p r e se r v e d .

O n  m ic ro sc o p ic  e x a m in a t io n , th e  c e r e b r a l c o r te x  a p 

p e a r e d  a lm o s t  e n t ir e ly  n o rm a l w ith  n o r m a l n e u r o n a l ar-
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Chemi cal  shi f t  /  ppm

A

NAA

Chemi cal  shi f t  /  ppm

B

Figure 3. S T E A M  20 spectra o f  pa tien t 5 (A) and  a nor 
mal control (B), obtained from a cortex voxel. Note that in 

the pa tien t N A A  is m ild ly  decreased and  Cho is m ildly  
increased relative to Cr. There is a high lactate (lac) dou 
blet, Note the h ighly elevated resonances a t 3.43 and  3.80 
p p m , representing glucose (glc), w ith  a contribution o f  g lu 
tamine I g lu tam ate  (G lx) a t 3.80 p p m .

c h ite c tu r e  a n d  la m in a t io n . T h e  cereb ra l w h ite -m a tte r  a b 

n o r m a li t ie s  s t a r t e d  im m e d ia t e ly  u n d e r  th e  c o r te x , 

a lth o u g h  in  so m e  a r e a s  th e  U -f ib e r s  w e re  p a r t ia lly  p r e 

serv ed  a n d  c o n ta in e d  m y e lin . T h e  w h ite  m a tte r  b e tw e e n  

th e  e p e n d y m a l la y e r  a n d  th e  U -f ib e r s  w a s  la r g e ly  d e 

s tro y ed , w ith  c y s t ic  d e g e n e r a t io n  p r o g r e ss in g  from  fro n ta l 

to o cc ip ita l. T h e  in te g r ity  o f  th e  w h ite  m a tte r  w a s  b e s t  

p r e se r v e d  in  th e  te m p o r a l a r e a s . In  th o se  a r e a s  o f  w h ite  

m a tte r  th a t  w er e  n o t  c o m p le te ly  c y s t ic , th e r e  w a s  d iffu se  

and  s e v e r e  lo s s  o f  m y e lin  w ith  sp o n g y  a lte r a t io n s  (fig u re  

6A). M B P  s ta in in g  w a s  p o s it iv e  in  th e  l in in g  o f  v a c u o le s  

an d  in  m a n y  th in  f ib e r s . In  a d d itio n , a x o n a l lo s s , r e a c tiv e  

a s tr o c y to s is  (fig u r e  6 B ), a n d  m a c r o p h a g e  in f iltr a t io n  w ere

mlno Cho

9 lc Cr n a a  l a c

—--------- ------ ---- ----- ------ r- --- ---- 1 —------- - ■ —  ------------
4-° 5.0 a .5 i.5  1,0 0,3

Chemi cal  shi f t  /  ppm

Figure 4. ST E A M  20 spectrum o f pa tien t 5, obtained from  
a white-matter voxel. Only minor resonances are discern 
ible at 1.33 ppm  (lactate doublet, lac), 2.02 p p m  (NAA), 
3.02 ppm  (Cr), 3.22 ppm  (Cho), 3.43 p p m  (glucose, glc), 
3.56 ppm  (mlno), and 3.80 ppm  (glucose, glc).

p r e se n t  in  th e s e  a rea s. N u m e r o u s  la r g e  f ib r o u s  a s tr o c y te s  

w ere  se e n  w ith  la rg e  e x te n s io n s  (G F A P -p o s it iv e ) . M a c r o 

p h a g es  co n ta in ed  p u n cta te , w e a k ly  P A S -p o s it iv e  m a te r ia l.  
T h ere  w a s  a  d ecrea se  in  th e  n u m b er  o f  o lig o d e n d r o c y te s .

A reas th a t  w ere  le s s  s e v e r e ly  a ffec ted  w e r e  th e  co rp u s  
ca llo su m , a n ter io r  co m m issu re , optic tr a c t, in te r n a l c a p 

su le , and  in tr in s ic  fib ers o f  th e  th a la m i. In  th e  c a u d a te  
n u c leu s , th e  n u m b er  o f la rg e  n e u r o n s  w a s d e c r e a se d . O th 

e rw ise , th e  b a sa l n u c le i w ere norm al* In  th e  m e s e n c e p h a 

lon , th e  cereb ral p ed u n c les  w e r e  in ta c t, In  th e  p o n s , t h e  

vo lu m e o f th e  lo n g itu d in a l fib er s  w a s  d e c r e a se d , b u t  th e r e  
w a s no m y e lin  lo ss . T h e v e n tr a l tr ig e m in o th a la m ic  tr a c t  
an d , in  p articu lar , th e  cen tra l te g m e n ta l tr a c t  w e r e  s e 

v e r e ly  a ffected  a t  th e  le v e l o f th e  p o n s (fig u r e  7). W ith in  

th e  cen tra l p a r t o f th e  cereb ellar  w h ite  m a tte r , th e r e  w e r e  
a rea s  o f m y e lin  lo ss , b u t th e  m y e lin  d e n s ity  w ith in  th e  

fo lia e  w a s n orm al. T he d en ta te  n u c leu s  w a s  n o r m a l, b u t  
th e  h ilu s  o f th e  d en ta te  n u c leu s  w a s  d e m y e lin a te d . M y e lin  

p a u c ity  w as a lso  ob served  in  th e  h ilu s  o f  th e  in fe r io r  o liv e s ,  

th e  p yram id s, th e  sp in o th a la m ic  tra cts , a n d  th e  co rp u s  
restifo rm e. M y elin  d en sity  w a s n o rm a l in  th e  p e r ip h e r a l  

p a rt o f  cran ia l n erv es. In  th e  sp in a l cord , th e  p o s te r io r  

co lu m n s w ere  b e s t  p reserved , th o u g h  n o t  c o m p le te ly . M y e 

l in  d e n s ity  w a s  d ecrea sed  in  th e  sp in o c e r e b e lla r  tr a c ts , th e  

la te r a l and  an ter ior  corticosp in a l tr a c ts , a n d  th e  a n te r o la t 

e r a l fa sc ic le s  co n ta in in g  th e  sp in o r e tic u la r  a n d  s p in o th a 

la m ic  tracts.

D i s c u s s i o n .  Disease entity. T he c lin ic a l p ic tu r e s  
o f  th e  p a tie n ts  an d  th e  fin d in g s  a t M R I a n d  M R S  a r e  
s tr ik in g ly  s im ila r . T he m ore sev er e  e n d  o f  th e  c l in i 

ca l sp ec tru m  is  rep resen ted  by p a tie n ts  1, 2 , 6 , a n d  8, 
w h o  d ied  after  a n  il ln e s s  la s t in g  se v e r a l y e a r s . P a 

t ie n ts  3 and  4 re p r esen t th e  m ore b e n ig n  form , h a v 
in g  sev er e  n eu ro log ic  h an d icap  a fter  m a n y  y e a r s  o f  
i l ln e s s . P a t ie n ts  5 and 7 rep resen t an  in te r m e d ia te  
se v e r ity  w ith  en d -sta g e  neu rolog ic h a n d ic a p  a fte r  i l l 

n e s s  la s t in g  a con sid erab le  n u m b er  o f  y e a r s . C lin i 
ca lly , th e  d ise a se  is  a  w h ite -m a tte r  d iso rd er  w ith  
p ro m in en t a ta x ia , sp a stic ity , r e la t iv e ly  b e tte r  p r e 

ser v ed  m e n ta l ca p a c itie s , and  no or m ild  e p ile p sy . 
O p tic a trop h y  m a y  develop , b u t  n o t a lw a y s  a n d  n o t  
early . T h e cou rse  o f d isea se  i s  ch ro n ic -p ro g ress iv e , 
w ith  ep iso d es  o f d eter iora tion  in it ia te d  b y  m in o r  in 

fe c tio n s  a n d  m in or  h ea d  tra u m a s. T h ere  w a s  n o  e v i 

d en ce  o f  se iz u r e  a c tiv ity  or o n se t  o f  n eu ro lo g ic  d e te 

r io ra tio n  p reced in g  a  m in or h e a d  tr a u m a  in  a n y  o f  
th e  p a t ie n ts . T h ere  w a s  n ev er  ev id en ce  o f  b r a in  d a m 

a g e  d irec tly  r e la te d  to  th e  tra u m a , in  p a r t ic u la r  n o  
ev id en c e  o f in tr a c r a n ia l blood on  th e  M R I p erfo rm ed
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d e r w e n t  CT a t  th e  age o f  2 y e a r s  in  th e  p resy m p to m -  
a tic  s ta g e . In  b oth  p a t ie n ts , e x te n s iv e  cereb ra l w h ite -  
m a t t e r  a b n o r m a lit ie s  w e r e  a lr e a d y  p r e s e n t . T h e  
a b n o r m a l w h ite  m a tte r  h a d  a  h ig h  s ig n a l in te n s ity  
o n  b o th  T2W  an d  P D  im a g e s . M R I o b ta in e d  in  p a 
t i e n t  9 im m e d ia te ly  a fter  o n se t o f  so m a tic  n eu ro lo g ic  
d e te r io r a t io n  sh o w e d  t h a t  p a r t  o f  th e  a b n o r m a l  
w h ite  m a tte r  n ow  h a d  a lo w er  s ig n a l in te n s ity  on  P D  
im a g e s ,  th o u g h  n o t y e t  a s  low  a s C S F , w h e r e a s  in  h is  
s e v e r e ly  a ffec ted  e ld er  s is te r , p a rt o f  th e  w h ite  m a t 

t e r  w a s  in d is t in g u ish a b le  from  C SF . C lin ica l d e te r io 
r a t io n  i n  th e  p a t ie n ts  w a s  n o t a s so c ia te d  w ith  m o re  
e x te n s iv e  w h ite -m a tte r  a b n o r m a lit ie s , a s  i s  th e  c a se  
in  th e  “co m m o n ” d e m y e lin a tin g  d iso rd ers , b u t w ith  
la r g e r  a r e a s  o f  a lrea d y  ab n orm al w h ite  m a tte r  b e 
co m in g  C S F -lik e . T h e  M R I fin d in g s  w o u ld  b e  co m 

p a tib le  w ith  p r im a ry  h y p o m y e lin a tio n  o f  th e  cereb ra l 
h e m isp h e r ic  w h ite  m a tte r , w ith  su b se q u e n t  d e g e n e r 
a t io n  a n d  d isa p p e a ra n ce  o f  a ll s tr u c tu r e s  w ith in  th e  
w h ite  m a tte r , an d  r e p la c e m e n t b y  C SF . T h e  p r o g r e s 

s iv e  c e r e b e lla r  a trop h y , a sso c ia te d  w ith  th e  c lin ic a l  
d e te r io r a tio n , occurs in  m o st  d iso rd ers  ch a r a c te r iz e d  
b y  cere b ra l n e u r o d e g e n e r a tio n  an d  is  n o t  sp ecific .

M R S  f in d in g s  s u g g e s t  th a t  th e  co rtex  is  r e la t iv e ly  
w e ll  p r e se r v e d . T h e m ild  d ecrea se  in  N A A  s u g g e s ts  
so m e  n e u r o n a l d a m a g e  a n d  lo s s .17 In  a d d itio n , a  d o u 
b le t  w a s  ce n te red  a t 1 .33  ppm , r e p r e s e n t in g  la c ta te , 
a n d  tw o  r e so n a n c e s  a t  3 .4 3  an d  3 .8  p p m , in te r p r e te d  
a s  g lu c o s e .18»19 W ith  g ly co g en , th e r e  sh o u ld  h a v e  b e e n  
a d d it io n a l r e so n a n c e s .20’21 E le v a tio n  o f  co rtica l la c 

t a t e  a n d  g lu c o se  p rob ab ly  h a s  p a th o p h y sio lo g ic  s ig 
n if ic a n c e , b u t  is  u n e x p la in e d . W e h a v e  n o t  o b serv ed  
s im ila r  c h a n g e s  in  o th er  d e m y e lin a t in g  or n e u r o n a l  
d e g e n e r a t iv e  d isord ers. W h ite -m a tte r  sp e c tr a  c o n 

ta in e d  o n ly  m in o r  “n o rm a l” s ig n a ls  o r ig in a tin g  from  
r e m n a n ts  o f b r a in  t is s u e , an d  sm a ll “e x tr a ” r e s o 
n a n c e s  r e p r e s e n t in g  la c ta te  an d  g lu co se , w h ic h  are  
n o r m a lly  p r e se n t  in  C SF . T he w h ite -m a tte r  sp e c tr a  
a re  c o n s is te n t  w ith  th e  p r e se n c e  o f  m a in ly  C S F  a n d  
l i t t le  b r a in  t is s u e .

H is to p a th o lo g y  d e m o n str a te d  a n  e x te n s iv e ly  cav i- 
t a t in g  le u k o e n c e p h a lo p a th y . T h e  w h ite  m a tte r  b e 
tw e e n  th e  e p e n d y m a  an d  U -fib ers  h a d  la r g e ly  d isa p 
p e a r e d  a n d  w a s  rep la ced  b y  C SF . In  so m e  a r e a s , 
th e r e  w a s  a m e sh w o r k  o f  r e s id u a l t is s u e  s tr a n d s . In  
a r e a s  w h e r e  th e  w h ite  m a tte r  s tr u c tu r e  w a s  r e la 
t iv e ly  b e tte r  p re ser v e d , s ig n s  o f m y e lin  lo s s , sp o n g y  
d e g e n e r a tio n , a s tr o g lio s is , an d  m a cro p h a g e  p ro lifer 
a t io n  a n d  a c tiv a tio n  w ere  p resen t. O n  th e  b a s is  o f  
th e s e  h is to p a th o lo g ic  f in d in g s , w e  ca n n o t d e te r m in e  
w h e th e r  th e r e  w a s  in it ia l  h y p o m y e lin a tio n , b u t  th e r e  
w a s  d e f in ite ly  a co m p o n en t o f a c tiv e  d e m y e lin a tio n . 
B a s e d  on  tw o  b r a in  b io p s ie s , S ch iffm a n n  e t  a l .12 con 

c lu d e d  th a t  th e  m y e lin  p a u c ity  w a s  a  c o n se q u e n c e  o f  
b o th  h y p o m y e lin a t io n  an d  d e m y e lin a tio n . T h is  con 
c lu s io n  w o u ld  b e  co m p a tib le  w ith  ou r M R I a n d  a u 
to p sy  f in d in g s .

Diagnostic criteria. W e propose th e  fo llo w in g  cri 
t e r ia  for d ia g n o s is  o f th is  d isea se:

(1) I n it ia l  p sy ch o m o to r  d e v e lo p m e n t is  n o rm a l or 
o n ly  m ild ly  d e la y ed .

(2) E a r ly -ch ild h o o d  o n se t  o f n e u r o lo g ic  d e te r io r a 
t io n  w ith  e p iso d ic  a n d  ch ron ic  p r o g r e ss iv e  co u rse . 
E p iso d e s  o f  d e te r io r a tio n  m a y  fo llo w  in fe c t io n  a n d  
m in o r  h e a d  tr a u m a . D e te r io r a tio n  m a y  le a d  to  le t h 

a rgy  or com a.
(3) N e u r o lo g ic  s ig n s  m a in ly  c o n s is t  o f  c e r e b e lla r  

a ta x ia  an d  sp a s t ic ity . O p tic  a tro p h y  m a y  d e v e lo p  b u t  
is  n o t  o b lig a to ry . E p ile p s y  m a y  occur, b u t  is  n o t  
p ro m in en t. M e n ta l a b ilit ie s  are r e la t iv e ly  b e t te r  p r e 

s e r v e d  th a n  m o to r  fu n c tio n s .
(4) M R I in d ic a te s  sy m m e tr ic a l in v o lv e m e n t  o f  th e  

cereb ra l h e m isp h e r ic  w h ite  m a tter ; p a r t  or a ll  o f  th e  
w h ite  m a tte r  h a s  a  s ig n a l in te n s ity  s im ila r  to  C S F  on  
P D , T 2W, an d  T XW  im a g e s . C ereb ellar a tro p h y  v a r ie s  
from  m ild  to  sev ere  an d  p rim arily  in v o lv es  th e  v erm is.

T h e  d ia g n o s is  ca n  b e  m a d e  on  th e  b a s is  o f  th e s e  
four o b lig a to ry  c r iter ia . M R S  ca n  b e  u s e d  a s  a d d i 
t io n a l e v id e n c e  for th e  d ise a se . W h ite -m a tte r  XH  M R  
sp e c tr a  r e se m b le  C S F  sp ec tra , s h o w in g  th e  p r e se n c e  
o f o n ly  so m e  la c ta te  a n d  g lu c o se , a n d  th e  la c k  o f  
m o st  or a ll n o r m a l s ig n a ls . C o rtex  sp e c tr a  m a in ta in  
a m ore n o rm a l a p p e a r a n c e , a p a r t from  v a r ia b ly  e le 
v a te d  la c ta te  a n d  g lu c o se .

T h e se  c r iter ia  m a y  n o t a llo w  a  d e fin ite  d ia g n o s is  
in  a p r e sy m p to m a tic  or e a r ly  sy m p to m a tic  s ta g e  of 
th e  d ise a se , u n le s s  th e r e  is  a n o th e r  ch ild  w ith  a  d e f 
in ite  d ia g n o s is  w ith in  th e  fa m ily . H o w e v e r , u n t i l  a  
d ia g n o stic  b io c h e m ic a l or D N A  t e s t  is  a v a ila b le , th e  
d ia g n o s is  w il l  e v e n tu a l ly  b e  r e a c h e d  w ith  r e p e a t  
M R I (a n d  M R S ). W e in it ia te d  a  l in k a g e -a n a ly s is  
s tu d y  to  d e te r m in e  th e  p o s s ib ility  o f  a  D N A -b a se d  
d ia g n o s is .
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Pe rip h e ra l n e u ro path y as so ciate d  
w ith  s icca  com plex

Ia n  A . G ra n t, M D ; G en e  G, H u n d er , M D ; H e n r y  A. H om burger, MD; and P e te r  J, D yck , M D

A r t ic l e  a b s t r a c t — P e r ip h e r a l n e u r o p a th y  occu rs in  S jo g ren 's  sy n d ro m e, a  d isorder in  w h ich  sy s te m ic  im m u n o lo g ic  

p h e n o m e n a , in c lu d in g  v a s c u li t is ,  a re  com m on . N e u r o p a th y  a lso  occurs w ith  iso la ted  sicca  com p lex  (k e r a to c o n ju n c tiv it is  

sicca  a n d  x e r o s to m ia );  w h e th e r  th is  r e p r e s e n ts  a  d is t in c t  sy n d ro m e is  u n clear . W e re tro sp ec tiv e ly  s tu d ied  5 4  p a t ie n ts  w ith  
sicca  c o m p le x  a n d  p e r ip h e r a l n e u r o p a th y  to d e te r m in e  m o d e  o f  p r e se n ta tio n , n eu ro p a th ic  p a tte r n s , fr eq u en cy  a n d  p a t te r n  

o f ser o lo g ic  a b n o r m a lit ie s , a n d  fr e q u e n c y  o f s y s te m ic  d ise a se , in c lu d in g  n ecro tiz in g  v a scu litis . P e r ip h e r a l n e u r o p a th y  w a s  

th e  p r e s e n t in g  p ro b lem  in  87% . A lth o u g h  s ic c a  sy m p to m s  occu rred  in  93%, th e y  w ere  a  p r e se n tin g  c o m p la in t in  o n ly  11%  
and w e r e  u s u a l ly  m ild , r e p o r te d  o n ly  a fte r  sp ec ific  in q u iry . M in or sa liv a r y  g la n d  b iopsy  w a s p o sitiv e  in  73% . S e n s o r y  
n e u r o p a th ie s  s tr o n g ly  p r e d o m in a te d ; 61%  o f  p a t ie n ts  m a n ife s te d  e ith e r  sen so ry  p o lyn eu rop ath y  or p o ly g a n g lio n o p a th y . 

L ess  co m m o n  p a tte r n s  in c lu d e d  se n so r im o to r  p o ly n e u r o p a th y  (17% ) a n d  p o lyrad icu lon eu rop ath y  (11%). V a s c u lit ic  n e u r o p 

a th y  w a s  d e m o n s tr a te d  in  o n ly  tw o  p a t ie n ts , b u t n o n sp e c if ic  ep in eu r ia l in fla m m a tio n  w as p r e se n t  in  70%  o f  n e r v e  
b io p s ie s . C lin ic a l e v id e n c e  o f  s y s te m ic  d is e a s e  w a s  u n co m m o n , p a r tic u la r ly  in  th e  sen so ry  p o ly g a n g lio n o p a th y  g ro u p , in  

w h om  e x tr a g i an  d u la r  fe a tu r e s  o th e r  th a n  w e ig h t  lo s s  occu rred  in  o n ly  1 o f  12 p a tien ts . A n tib o d ies  to e x tr a c ta b le  n u c le a r  

a n tig e n s , th e  m o s t  sp e c if ic  se r o lo g ic  m a rk er  o f  S jb g ren ’s sy n d ro m e, w ere  p r e se n t in  10.4%. W e con clu d e t h a t  p e r ip h e r a l  

n e u r o p a th y  a n d  is o la te d  s icca  c o m p le x  form  a  d is t in c t iv e  sy n d ro m e in  w h ich  n eu rop ath y  is  th e  p r e se n t in g  fe a tu r e  a n d  
s icca  i s  e a s i ly  o v er lo o k ed ; s e n so r y  p o ly n e u r o p a th y  a n d  p o ly g a n g lio n o p a th y  p red om in ate; sero logy  is  co n firm a to ry  b u t  v e r y  

in s e n s it iv e ;  a n d  e x tr a g la n d u la r  d is e a s e , in c lu d in g  v a s c u lit is ,  i s  u n co m m o n  com pared w ith  ty p ica l S jo g ren ’s sy n d ro m e . 
T e s ts  o f  o c u la r  or s a l iv a r y  in v o lv e m e n t  are  n e e d e d  for  d ia g n o s is , a n d  d em o n stra tio n  o f  in fla m m a tio n  in  b io p s ie d  n e r v e  is  

su p p o r tiv e . Im p r o v e d  d e f in it io n  o f  th is  d iso rd er  sh o u ld  p e r m it fu r th e r  s tu d ie s  o f n a tu ra l h istory  and  e ff ic a c y  o f  im m u n o 

th era p y .
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P e r ip h e r a l n e u r o p a th y  occu rs in  S jo g ren ’s sy n d ro m e  
(S S ), a  c h r o n ic  a u to im m u n e  d iso r d e r  o f  e x o c r in e

p le x  (x e r o p h th a lm ia  an d  x e r o s to m ia )  r e la t e d  to  
m o n o n u c lea r  in filtra tio n  an d  d e str u c tio n  o f  la c r im a l

g la n d s .1'*'5 T h e  c e n tr a l fe a tu r e  o f  S S  is  th e  s icca  com - an d  sa liv a r y  g lan d s. H ow ever, S S  is  a s y s te m ic  d is -

F r om  t h e  P e r ip h e r a l  N e u r o p a t h y  R e s e a r ch  Ce n t e r  (Dr s . G r a n t  a n d  D yck ) ,  D ivis io n  o f R h e u m a t o lo gy (Dr . H u n d er ) , a n d  D e p a r t m e n t  o f  L a b o r a t o r y  M e d ic in e  

(Dr . H o m b u r ge r ) ,  M a yo  Clin ic ,  R o ch e s t e r ,  M N .

Su p p o r t e d  in  p a r t  b y  fu n d s  fr o m  a  ce n t e r  g r a n t  fr om  t h e  N a t io n a l I n s t i t u t e  o f  N e u r o lo gica l D is e a s e s  a n d  St r o k e  (14304).

R ece ived  J u ly  19 , 1996 , Acce p t e d  in  fin a l fo r m  Au g u s t  26 , 1996 .
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