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A b strac t. To investigate  the d iscrim inative pow er o f  pattem -reversal visual evoked  potential 

characteristics (peak latencies and am plitude) and to test w hether the addition  o f  visual evoked 

potential am plitude can increase the p ow er o f  the  visual evoked  potential in  the diagnosis 

o f  multiple sclerosis, w e retrospectively  studied visual evoked potentials in 59 patients w ith 

definite m ultiple sclerosis and 126 control subjects. Tw o check sizes (17 ' and 10 ') w ere  used. 

Females had significantly  h igher am plitudes and  shorter latencies than m ales. N 80  latency 

showed a gradual increase and P I 00 am plitude  a decrease w ith age. P I 00  latency w as stable 

between the ages o f  20  and  55 years b u t was increased in  childhood and the elderly. T he 

significance o f visual evoked  potential peak latencies and am plitude in separating  the  tw o 

groups was investigated  by m eans o f  a (m ultivariate) d iscrim inant analysis. T h e  visual evoked 

potential with a  pattern  o f  10' could  b e  m easured  in  58%  o f  patients w ith m ultip le  sclerosis. 

The exclusive use  o f  the  P I 00  am plitude in the discrim inant analysis resulted in a percentage 

o f correctly classified cases o f  84% , w hereas for P I 00  and N 80 latency it was 85%  and 90% , 

respectively. W ith  th e  17 ' pattern , the  N 80  latency yielded also a h igher correct percentage 

than did the P 100  latency. A lthough  N 80 latency is, to a greater extent than P I 0 0  latency, 

influenced by age, sex and size o f  stim ulus pattern , when these influences are accounted 

for, the N 80 latency is a  m ore sensitive m easure  than P I 00  latency in  the  classification of 

multiple sclerosis. C om bined  u se  o f  latency and am plitude for d iscrim inant analysis y ielded 

no significant im provem ent o f  the  percentage o f  correctly classified cases.

A bb rev ia tio n s : M S - m u l t ip le  sclerosis, S D -  standard deviation.

I n t r o d u c t i o n

V is u a l  e v o k e d  p o t e n t ia l s  ( V E P )  a r e  w i d e l y  u s e d  in  t h e  a s s e s s m e n t  o f  p a t ie n t s  

s u s p e c t e d  o f  h a v in g  m u l t i p l e  s c l e r o s i s  ( M S ) .  I n c r e a s e d  la t e n c y  o f  V E P  w a v e 

fo r m  c o m p o n e n t s  w a s  f o u n d  in  p a t ie n t s  w it h  M S  [ 1 ] ,  w h ic h  w a s  a s c r ib e d  

to  d e m y e l in a t io n  o f  th e  a s c e n d in g  n e r v e  f ib e r s . S t u d ie s  h a v e  s h o w n  th a t , in  

M S , th e  d e v e lo p m e n t  o f  V E P  a b n o r m a l i t i e s  c a n  b e  a c c o m p a n ie d  b y  d is tu r 

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

d e t e c t e d  w ith  th e  V E P . H a l l id a y  et a l  [ 1 ] ,  A s s e lm a n  et a l  [ 2 ] ,  D u w a e r  a n d  

S p e k r e ij s e  [ 3 ] ,  W i l s o n  a n d  K e y s e r  [ 4 ] ,  H u m e  a n d  W a x m a n  [ 5 ]  a n d  L e i j s  et
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al. [6] r e p o r te d  a  h ig h  in c id e n c e  o f  d e la y e d  p a tte r n  V E P  in  M S  p a t ie n t s .  T h e  

a m p li t u d e s  o f  th e  v is u a l  e v o k e d  r e s p o n s e s  o f  M S  p a t ie n t s  h a v e  b e e n  fo u n d  to  

b e  d e c r e a s e d  [ 6] e v e n  in  c a s e s  w it h o u t  p r o lo n g e d  la t e n c ie s .  B e c a u s e  o f  th e  

la r g e  v a r ia b i l i ty , th e  V E P  a m p litu d e  i s  n o t  c o m m o n ly  u s e d  in  th e  d ia g n o s i s  

o f  M S .  A g e  a n d  g e n d e r  in f lu e n c e s  o f  V E P  c h a r a c te r is t ic s  a r e  n o t  n e g l ig ib le  

[ 7 - 1 4 ]  a n d  c o m p l ic a t e  th e  s e p a r a t io n  o f  M S  p a t ie n t s  f r o m  c o n t r o ls .

T h e  g o a l  o f  th is  s tu d y  w a s  to  in v e s t ig a t e  th e  d ia g n o s t ic  p o w e r  o f  th e  

d i f f e r e n t  V E P  c h a r a c te r is t ic s  ( p e a k  a m p litu d e  a n d  la t e n c ie s )  a n d  to  in v e s t ig a t e  

w h e t h e r  t h e  a d d it io n  o f  V E P  a m p litu d e  c o m b in e d  w ith  a  p r o p e r  c o r r e c t io n  o f  

g e n d e r  a n d  a g e  e f f e c t s  c a n  in c r e a s e  th e  d ia g n o s t ic  p o w e r  o f  th e  V E P  in  th e  

d ia g n o s i s  o f  M S . F o r  th is  p u r p o s e , w e  r e t r o s p e c t iv e ly  s t u d ie d  a  g r o u p  o f  5 9  

p a t ie n t s  w ith  d e f in i t e  M S  a n d  c o m p a r e d  b o th  th e  la t e n c ie s  a n d  th e  a m p litu d e s  

o f  th e  p a t t e m - r e v e r s a l  e v o k e d  r e s p o n s e s  w ith  d a ta  fr o m  a  g r o u p  o f  1 2 6  n o r m a l 

s u b j e c t s .  T h e  V E P  r e s p o n s e s  to  t w o  d i f f e r e n t  c h e c k  s i z e s  w e r e  r e c o r d e d . T h e  

s ig n i f i c a n c e  o f  V E P  p e a k  la t e n c ie s  a n d  a m p litu d e s  in  s e p a r a t in g  th e  g r o u p s  

w a s  in v e s t ig a t e d  b y  m e a n s  o f  a  m u lt iv a r ia te  d is c r im in a n t  a n a ly s i s .

P a t ie n ts  a n d  m e th o d s

Selection o f patients

W e  c o m p a r e d  th e  d a ta  o b ta in e d  f r o m  th e  M S  p a t ie n t s  w it h  t h o s e  o f  a  g r o u p  

o f  n o r m a l s u b j e c t s .  F o r  th is  p u r p o s e , 1 2 6  s u b j e c t s  w e r e  s e l e c t e d  w h o  h a d  n o  

k n o w n  s y s t e m ic  o r  o p h t h a lm o lo g ic  d i s e a s e ,  a n d  f r o m  w h o m  r e l ia b le  V E P  

r e g is t r a t io n s ,  c o u ld  b e  o b ta in e d . T h e  a g e  r a n g e  in  th is  g r o u p  w a s  3 - 8 3  y e a r s  

( m e a n  ±  s ta n d a r d  d e v ia t io n  [ S D ] ,  3 8  ±  2 0  y e a r s ) ;  th e  g r o u p  c o n s i s t e d  o f  4 1  

m a le  a n d  8 5  f e m a le  s u b je c t s .  T h e  M S  g r o u p  c o n s i s t e d  o f  5 9  p a t ie n t s  w ith  

d e f in i t e  M S ,  18  m a le  a n d  4 1  f e m a le  s u b j e c t s  a g e d  2 0  to  6 2  y e a r s  ( m e a n  ±  

S D ,  3 7  ±  1 0  y e a r s ) .  D e f in i t e  M S  w a s  d ia g n o s e d  a c c o r d in g  to  t h e  P o s e r  et 

al. [ 1 5 ]  c r it e r ia  a s  c l in ic a l  d e f in i t e  M S  o r  la b o r a to r y - s u p p o r te d  d e f in i t e  M S  a t  

t h e  I n s t i t u t e  o f  N e u r o lo g y . T h e  M S  p a t ie n t s  u n d e r w e n t  a  r o u t in e  o p h t h a lm o 

l o g i c  e x a m in a t io n  in c lu d in g  m e a s u r e m e n t  o f  b e s t  c o r r e c t e d  v is u a l  a c u ity . In  

a d d it io n , V E P s  w e r e  m e a s u r e d .

Statistical methods

S t a t is t ic a l  a n a ly s is  o f  th e  t w o  g r o u p s  w a s  p e r fo r m e d  w it h  th e  S A S  s ta t is t ic a l  

a n a ly s i s  s o f t w a r e  p a c k a g e  ( S A S  I n s t itu te  I n c .,  C a r y , N C ,  U S A ) .  In  th e  a n a ly s is  

w e  in c lu d e d  o n ly  th e  d a ta  f r o m  th e  l e f t  e y e  o f  e a c h  s u b je c t .  T h is  i s  n e c e s s a r y  

[ 1 6 ,  1 7 ] b e c a u s e  th e  v a lu e s  o f  th e  t w o  e y e s  w e r e  c o r r e la t e d  in  b o th  g r o u p s . 

F o r  th e  1 0 '  c h e c k  s iz e ,  th e  le f t /r ig h t  e y e  c o r r e la t io n s  in  t h e  c o n t r o l  g r o u p  

w e r e  a s  f o l lo w s :  N 8 0  la t e n c y :  r =  0 .8 0 9 ,  p < 0 .0 0 1 ;  P I 0 0  a m p litu d e :  r =  

0 .7 9 0 ,  p <  0 .0 0 1 .  In  th e  M S  g r o u p , th e  le f t /r ig h t  e y e  c o r r e la t io n s  w e r e  a s
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f o l lo w s :  N 8 0  la t e n c y :  r  =  0 .4 9 3 ,  p < 0 .0 1 ;  P 1 0 0  a m p litu d e :  r =  0 . 6 8 7 ,  p <  

0 .0 0 1 .  T h e  d a ta  w e r e  a n a ly z e d  b y  m e a n s  o f  a n a ly s i s  o f  v a r ia n c e ,  P e a r s o n ’s 

c o r r e la t io n  a n a ly s i s  a n d  l in e a r  r e g r e s s io n . D i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  

w e r e  c h e c k e d  w it h  S t u d e n t ’s  t - t e s t .  D is c r im in a t iv e  p o w e r  o f  p e a k  a m p l i t u d e s  

a n d  la t e n c ie s  w a s  in v e s t ig a t e d  w it h  a  s t e p w is e  p a r a m e te r  s e l e c t i o n  b a s e d  o n  

th e  F  s t a t i s t ic  ( S A S  p r o c e d u r e  S t e p d is c ) .  W e  a p p lie d  d is c r im in a n t  a n a ly s i s  

(S  A S  p r o c e d u r e  D I S C R I M )  o n  th e  V E P  p a r a m e te r s  to  f in d  th e  b e s t  s e p a r a t io n  

b e t w e e n  th e  g r o u p s .  D is c r im in a n t  a n a ly s i s  [ 1 8 ]  i s  a  m u lt iv a r ia t e  t e c h n iq u e  

in  w h ic h  a  d is c r im in a n t  c r it e r io n  is  c a lc u la te d  fo r  a  s e t  o f  o b s e r v a t io n s .  

O n e  o r  m o r e  q u a n t i t a t iv e  p a r a m e te r s  c a n  b e  u s e d  in  th e  a n a ly s i s .  T h e  c r o s s -  

v a l id a t io n  t e c h n iq u e  [ 1 8 ]  w a s  u s e d  to  o b ta in  a n  u n b ia s e d  e s t im a t e  o f  t h e  

s e n s i t iv i t y  a n d  s p e c i f i c i t y  o f  th e  t e s t .  P e r c e n ta g e  c o r r e c t  a s  d e f in e d  b y  S w e t s  

a n d  P ic k e t  [ 1 9 ]  w a s  c a lc u la t e d  b y  w e ig h t in g  s e n s i t iv i t y  a n d  s p e c i f i c i t y  w i t h  

th e  n u m b e r  o f  c a s e s  in  e a c h  c l a s s .  P e r c e n t a g e  c o r r e c t  i s  t h e r e f o r e  a  m e a s u r e  

o f  t h e  d i s c r im in a t iv e  p o w e r  o f  t h e  t e s t  a n d  is  l e s s  d e p e n d e n t  o n  t h e  c h o s e n  

o p e r a t io n a l  p o in t .

W ith  r e s p e c t  t o  th e  e l im in a t io n  o f  a g e  in f lu e n c e s ,  t w o  c o r r e c t io n  s t e p s  

c a n  b e  d i s t in g u i s h e d .  ( 1 )  T h e  c o n t r o l  a n d  th e  M S  g r o u p s  w e r e  m a t c h e d  f o r  

a g e ;  s u b j e c t s  in  t h e  c o n tr o l  g r o u p  w h o  f e l l  o u t s id e  th e  a g e  r a n g e  o f  th e  M S  

p a t ie n ts  ( 2 0 - 6 2  y e a r s )  w e r e  e x c lu d e d  in  th e  d is c r im in a n t  a n a ly s i s .  ( 2 )  T h e  

in f lu e n c e  o f  a g e  o n  V E P  la t e n c y  a n d  a m p litu d e  w a s  a s s e s s e d  w it h  c o r r e la t io n  

a n d  r e g r e s s io n  a n a ly s i s  o f  th e  d a ta  in  th e  c o n tr o l  g r o u p . A s  a  r e s u lt ,  t h e  v a lu e s  

o f  th e  s lo p e  o f  t h e  r e g r e s s io n  l in e s  o f  P 8 0  la t e n c y  a n d  P I 0 0  a m p l i t u d e  w e r e  

u s e d  to  e l im in a t e  t h e  a g e  e f f e c t .  T h is  w a s  d o n e  in  b o th  g r o u p s ;  w e  th e r e b y  

a s s u m e d  th a t  t h e  a g e - r e la t e d  c h a n g e s  in  e v o k e d  p o t e n t ia ls  a r e  a l s o  p r e s e n t  in  

M S  p a t ie n t s  b u t  a r e  m o d u la t e d  b y  th e  d e m y e l in a t io n  p r o c e s s .

Measurement o f VEPs

T h e  V E P s  w e r e  m e a s u r e d  b y  m e a n s  o f  a  r e v e r s in g  c h e c k e r b o a r d  p a tte r n  

g e n e r a te d  b y  a  g a lv a n o m e t e r - m ir r o r  s y s t e m  ( M e d i lo g  V P S - 2 0 )  w it h  a  f ie ld  

s iz e  o f  9 °  a n d  c h e c k  s i z e s  o f  1 7 ' a n d  1 0 '. C o n tr a s t  b e t w e e n  t h e  c h e c k s  w a s  

8 0 % ; r e v e r s a l  r a te  w a s  t w o  p e r  s e c o n d .  T h e  a c t iv e  e le c t r o d e  w a s  p la c e d  a t 

p o s i t io n  O z a n d  t h e  p a s s i v e  e le c t r o d e  at T 3 a n d  g r o u n d in g  w a s  d o n e  w ith  

an  e le c t r o d e  o n  th e  e a r lo b e  ( A i ) .  A f t e r  a  1 0 0 -d B  a m p l if ic a t io n  a n d  a n a lo g u e  

b a n d p a s s  f i l t e r in g  ( f o u r t h - o r d e r  l in e a r  p h a s e  f ilte r ; b a n d p a s s ,  0 . 1 6 - 7 0  H z ) ,  th e  

e v o k e d  r e s p o n s e  s i g n a l s  w e r e  d i g i t i z e d  ( K e it h le y  D A S - 1 6  A D C ;  s a m p l in g  

r a te , 1 0 0 0  H z ) ,  a v e r a g e d  a n d  s to r e d  in  a  c o m p u te r  (T u lip  M S D O S  3 8 6  S X ) .  

In  a d d it io n , a  d ig i t a l  l o w - p a s s  f i l t e r  ( z e r o  p h a s e )  w it h  a  c u t o f f  f r e q u e n c y  o f  

4 0  H z  w a s  a p p l ie d  to  t h e  a v e r a g e d  e v o k e d  r e s p o n s e .  S ix t y - f o u r  V E P  s ig n a l s  

w ith  a  1000- m s  d u r a t io n  w e r e  a c c u m u la t e d .
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Table 1. N o r m a t iv e  v a lu e s  o f  p a t te m -r e v e r s a l  V E P  la t e n c y  a n d  a m p l i t u d e  in  t h e  c o n tr o l  g r o u p

Check size

17' 10'

Overall Male Fem ale
a

Overall M ale Female

N 126 41 85 126 41 85

N 8 0  latency (m s) 80 (4) 82* (5) 80* (4) 83 (4) 85* (4) 82* (4)

P I 00  latency (ms) 106(6) 107 (7) 105 (5) 110(7) 113* (8) 109* (6)

P100  am plitude (¿¿V) 9 (5 ) 7* (4) 10* (7) 9 (4 ) 8* (3) 10* (6)

S D s  a r e  g iv e n  in  p a r e n th e s e s .

* S i g n i f i c a n t  (p  <  0 .0 5 )  m a le - f e m a le  d i f f e r e n c e s .

Table 2. C o r r e la t io n  a n d  r e g r e s s io n  p a r a m e te r s  o f  N 8 0  la t e n c y ,  P 1 0 0  

la t e n c y  a n d  P I  0 0  a m p litu d e  w ith  a g e  fo r  t w o  d i f f e r e n t  c h e c k  s i z e s

Check size N 80 latency PI 00 latency PI 00  ampli tdue

17'

r 0.33* 0.08 -0 .2 7 *

Regression 0.07*age+77.7 — 0 .0 8 -age+12.4

10'

r 0.44* 0.13 -0 .2 5 *

Regression O.lO'age-i-79.3 —0.07-age-i-12.0

* S ig n i f ic a n t  c o r r e la t io n  (p <  0 .0 1 ) .

T h e  V E P  r e c o r d in g s  w e r e  a n a ly z e d  b y  m e a s u r in g  th e  la t e n c ie s  o f  th e  N 8 0  

a n d  P 1 0 0  p e a k s ,  w h e r e a s  th e  P 1 0 0  a m p lit u d e  w a s  d e f in e d  a s  t h e  d i f f e r e n c e  

b e t w e e n  t h e  N 8 0  a n d  P 1 0 0  p e a k s .

R e s u lts

Normative values: gender- and age-elated effects

T h e  m e a n  v is u a l  a c u ity  o f  th e  g r o u p  o f  n o r m a l s u b j e c t s  w a s  1 .0 0 ,  w ith  a n  

S D  o f  0 .1 4  (r a n g e , 0 .4 - 1 .2 5 ) .  M e a n  a n d  S D  o f  V E P  p a r a m e te r s  in  th e  g r o u p  

o f  n o r m a l s u b j e c t s  a re  g iv e n  in  T a b le  1 . T h e  N 8 0  a n d  P 1 0 0  la t e n c ie s  w e r e

c o n s i s t e n t ly  in c r e a s e d  w h e n  th e  s m a l l  ( 10' )  c h e c k s  w e r e  u s e d ,  a s  c o m p a r e d  

to  th e  r e s u lt s  o b ta in e d  w ith  11'. T h e  a m p litu d e  o f  t h e  P 1 0 0  p e a k  w a s  n o t  

d e p e n d e n t  o n  th e  s i z e  o f  th e  c h e c k e r b o a r d  p a tte r n .
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Table 3. M ean values o f  N 80  and P I 00 latencies and P I 00 am plitude in the M S group

Check size

17r io'

Overall Male Female Overall M ale Fem ale

N 48 17 31 34 10 24

N80 latency (ms 96* (15) 99 (16) 92 (12) 98* (13) 101 (13) 9 7 (1 3 )

PI 00 latency (ms) 121 (19) ' 132 (22) 115(14) 125* (16) 131 (22) 1 1 5 (1 4 )

P I 00 am plitude (¿¿V) 4* (3) 3 (2 ) 4 (3 ) 5* (2) 4 ( 3 ) 5 (2 )

SDs are given in parentheses.

* Significant difference (p <  0.05) compared with normal subjects (overall group).

T h e  d i f f e r e n c e  in  la t e n c y  b e t w e e n  m a le  a n d  f e m a le  s u b j e c t s  w a s  s m a l l  b u t  

c o n s i s t e n t ,  a n d  it  in c r e a s e d  w it h  d e c r e a s in g  c h e c k  s iz e .  F e m a le s  h a d  h ig h e r  

V E P  a m p l i t u d e s  th a n  m a le s .  E x c e p t  fo r  th e  P 100 la t e n c y , f o r  a  c h e c k  s i z e  o f  

1 7 ', th e  g e n d e r  d i f f e r e n c e s  w e r e  f o u n d  to  b e  s ig n i f ic a n t  ( t - t e s t ,  p  <  0 .  0 5 )*  

T h e  m e a n  a g e  o f  t h e  to ta l  g r o u p  o f  1 2 6  h e a lth y  s u b j e c t s  w a s  3 8  y e a r s ;  t h e  

y o u n g e s t  p e r s o n  w a s  3 y e a r s  o ld ,  a n d  th e  o ld e s t  p e r s o n , 8 3  y e a r s . P e a r s o n ’s  

c o r r e la t io n  a n a ly s i s  w a s  u s e d  to  s tu d y  th e  s tr e n g th  o f  a  p o s s i b l e  r e la t io n s h ip  

b e t w e e n  a g e  a n d  V E P  c h a r a c t e r is t ic s .  T h e  c o r r e la t io n  c o e f f i c i e n t s  a r e  g iv e n  in  

T a b le  2 .  S ig n i f i c a n t  c o r r e la t io n s  (p < 0 . 0 1 )  w e r e  f o u n d  b e t w e e n  N 8 0  la t e n c y  

a n d  a g e  a n d  b e t w e e n  P 1 0 0  a m p litu d e  a n d  a g e . R e g r e s s io n  a n a ly s i s  s h o w e d  a  

g r a d u a l in c r e a s e  o f  th e  N 8 0  la t e n c y  a n d  a  d e c r e a s e  o f  P I 0 0  a m p l i t u d e  w i t h  

a g e . P 1 0 0  la t e n c y  s h o w e d  a  m o r e  c o m p le x  p a tte r n , P 1 0 0  t e n d e d  t o  d e c r e a s e  

u p  to  2 0  y e a r s  o f  a g e ,  s t a y e d  m o r e  o r  le s s  c o n s ta n t  u n t i l  5 5  y e a r s  o f  a g e ,  a n d  

in c r e a s e d  a g a in  in  th e  e ld e r ly  T h e r e f o r e ,  a l in e a r  r e g r e s s io n  o f  P I  0 0  w it h  a g e  

is  n o t  s u it a b le ,  a n d  c o r r e la t io n  c o e f f i c i e n t s  in  T a b le  2  a r e  n o t  s ig n i f ic a n t .  T h e  

m e a n  a g e  o f  th e  M S  p a t ie n t s  in  t h is  s tu d y  w a s  3 7  ±  1 0  y e a r s ;  in  th is  a g e  r a n g e  

th e r e  i s  l i t t l e  in f lu e n c e  o f  a g e  o n  P 1 0 0  la te n c y , s o  a g e  c o r r e c t io n  o f  th e  P I  0 0  

la t e n c y  i s  n o t  r e q u ir e d .

MS patients

O f  th e  5 9  p a t ie n t s  w it h  d e f in i t e  M S , r e l ia b le  17 ' a n d  1 0 ' p a tte r n  r e s p o n s e s  

c o u ld  b e  o b t a in e d  in  4 8  ( 8 1  % ) a n d  3 4  ( 5 8 % ) , r e s p e c t iv e ly .  T h e s e  p a t ie n t s  w e r e  

s e le c t e d  f o r  f u r th e r  s t a t i s t i c a l  a n a ly s i s  o f  th e  V E P  p a r a m e te r s , i . e . ,  p a t ie n t s  

w ith  a b s e n t  o r  d u b io u s  r e s p o n s e s  w e r e  e x c lu d e d . W e  u s e d  t h e  d a ta  f r o m  th e  

le f t  e y e  o f  e v e r y  p a t ie n t ;  m e a n  b e s t  c o r r e c te d  v is u a l  a c u ity  in  th is  g r o u p  w a s  

0 .8 6  ±  0 .2 9  ( r a n g e ,  0 , 1 - 1 . 2 5 ) .  P e a r s o n ’s c o r r e la t io n  a n a ly s i s  s h o w e d  th a t  

n o n e  o f  th e  V E P  p a r a m e t e r s  c o r r e la t e d  s ig n if ic a n t ly  w ith  a g e .
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Fig. L Scatterplot o f  N80 latency versus P100 amplitude of response (check size, 10'). Solid 

circles represent patients with definite MS; open circles, normal subjects.

T a b le  3  c o n ta in s  a v e r a g e  v a lu e s  a n d  S D s  o f  th e  m e a s u r e d  V E P  p a r a m e te r s . 

A s  e x p e c te d , w e  fo u n d  an  in c r e a s e  in  th e  N 8 0  a n d  P I 0 0  p a t te r n -r e v e r s a l 

la te n c ie s  an d  a  d e c r e a s e  o f  th e  P I 0 0  a m p litu d e  w ith  r e s p e c t  to  th e  g r o u p  o f  

n o r m a l su b je c ts . T h e  m e a n  la te n c ie s  o f  th e  N 8 0  p e a k  in  th is  g r o u p  w e r e  9 6  an d  

9 8  m s  (c h e c k  s iz e s  o f  17 ' a n d  100* T h e  m e a n  P 1 0 0  la t e n c ie s  in  th e  M S  g r o u p  

w e r e  121 m s ( 1 7 0  a n d  125  m s  ( 1 0 ') .  T h e  S D  o f  th e  N 8 0  a n d  P I 0 0  la te n c y  

w a s  a ls o  in c r e a se d  in  th e  M S  g r o u p . T h e  d if f e r e n c e s  in  P I 0 0  a m p litu d e  an d  

in  N 8 0  a n d  P 1 0 0  la te n c y  w ith  r e s p e c t  to  th e  c o n tr o l g r o u p  w e r e  s ig n if ic a n t .  A  

p r o lo n g e d  N 8 0  la te n c y  (r e la t iv e  to  n o r m a l +  2  S D s )  w a s  f o u n d  in  6 5 %  ( 1 7 ')  

an d  71%  ( 1 0 0  o f  th e  c a s e s . P 1 0 0  la te n c y , h o w e v e r , w a s  p r o lo n g e d  in  o n ly  

4 7 %  (1 7 ' an d  1 0 0  o f  th e  c a s e s .

D e s p ite  th e  la r g e  sp rea d , th e  a m p litu d e  o f  th e  r e s p o n s e  a p p e a r e d  to  b e  

s ig n if ic a n t ly  lo w e r  in  th e  M S  g r o u p  th a n  th e  n o r m a l s u b j e c t s  ( s e e  T a b le s  1 

a n d  3 ) . T h is  in d ic a te s  th at th e  u s e  o f  th e  P 1 0 0  a m p litu d e  o f  th e  r e s p o n s e  c o u ld  

im p r o v e  th e  fr a c t io n  o f  r e c o g n iz e d  M S  p a t ie n ts ;  th is  w i l l  b e  in v e s t ig a t e d  in  

th e  n e x t  s e c t io n .

T h e  r e la t io n sh ip  b e tw e e n  la te n c y  a n d  a m p litu d e  o f  th e  V E P  ( 1 0 / ) is  g iv e n  

in  F ig u r e  1. T h e  sc a tte r p lo t p r e se n ts  th e  N 8 0  la t e n c y  a n d  P I 0 0  a m p litu d e  as
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Table 4. R e s u l t s  o f  ( m u lt iv a r ia t e )  c la s s i f i c a t io n  o f  n o r m a l s u b j e c t s  (n  =  7 3 )  a n d  M S  p a t ie n t s  

( 1 7 ' , n  =  4 8 ;  1 0 ' , n  =  3 4 )

Check size R esponse

parameters*

Sensitivity

(%)

Specificity

(%)

Percentage

correct

17' P I  00 am plitude 68 77 73

17' P100  latency 64 97 85

17' N 80 latency 70 96 87

17' N 80 latency and P100 latency 74 96 88

17' N 80 latency and PI 00 amplitude 75 93 87

17' P 100  latency and P100 am plitude 74 93 86

10' P I  00 amplitude 70 90 84

10' P I 00 latency 60 96 85

10' N 8 0  latency 77 96 90

10' N 80  and P I  00 latency 77 95 90

10' N 80  latency and P I  00 am plitude 80 96 91

10' P I 00 latency and P I 00 amplitude 77 94 89

* V a r ia b le s  u s e d  in  t h e  d i s c r im in a t io n  c r ite r io n .

m e a s u r e d  in  t h e  c o n t r o l s  a n d  t h e  M S  p a t ie n t s .  N o  a g e  o r  g e n d e r  c o r r e c t io n  

w a s  a p p l ie d  t o  t h e  d a ta  p r e s e n t e d  in  F ig u r e  1. A  c o n s id e r a b le  o v e r la p  o f  th e  

g r o u p s  c a n  b e  s e e n ,  a l t h o u g h  m o s t  o f  t h e  M S  p a t ie n ts  h a d  a n  in c r e a s e d  la t e n c y  

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

Discriminative power ofVEP characteristics in MS patients versus normal 

subjects

F r o m  e a r l ie r  w o r k  [ 2 0 ]  w e  le a r n e d  th a t  in  5 3 %  o f  t h e  M S  p a t ie n t s  w i t h  a  

n o r m a l  v i s u a l  a c u ity , t h e  N 8 0  la t e n c y  o f  th e  p a t t e m - r e v e r s a l  V E P  w a s  a b n o r 

m a l  ( c r i t e r io n ,  m e a n  +  3  S D s ) .  In  m o s t  s tu d ie s  r e p o r te d  in  t h e  l i t e r a t u r e ,  th e  

la t e n c y  o f  t h e  P I 0 0  p e a k  w a s  u s e d  f o r  th e  d ia g n o s is .  I t  h a s  n o t  b e e n  d e t e r 

m in e d  w h ic h  V E P  p a r a m e te r , o r  c o m b in a t io n  o f  p a r a m e te r s ,  y i e l d s  t h e  b e s t  

d ia g n o s t i c  s e n s i t i v i t y  o f  t h e  p a t t e m - r e v e r s a l  t e s t .  W e  a p p l ie d  s t e p w i s e  p a r a m 

e t e r  s e l e c t i o n  a n d  d is c r im in a n t  a n a ly s i s  [ 1 8 ]  o n  th e  V E P  p a r a m e te r s  t o  f in d  

t h e  o p t im a l  s e p a r a t io n  b e t w e e n  t h e  g r o u p s . T h e  r e s u lt s  o f  t h e  c la s s i f i c a t io n  

a r e  s u m m a r iz e d  in  T a b le  4 .  B e s t  d is c r im in a t iv e  p o w e r  w a s  o b t a in e d  w i t h  th e  

V E P  c o m p o n e n t s  o f  t h e  1 0 ' p a tte r n . W ith  th e  u s e  o f  o n e  p a r a m e te r , t h e  P 1 0 0  

a m p lit u d e , th e  d is c r im in a n t  c r i t e r io n  y ie ld e d  a  s e n s i t iv i t y  o f  7 0 %  a n d  a  s p e c i 

f i c i t y  o f  9 0 %  ( p e r c e n t a g e  c o r r e c t ,  8 4 % ; P 1 0 0  a m p litu d e :  c o n t r o l  g r o u p , 9 ± 4  

/ /V ;  p a t ie n t s ,  5 ± 2  /j V). T h e  p e r c e n t a g e  o f  c o r r e c t ly  c la s s i f i e d  M S  p a t ie n t s
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w a s  8 5 %  w h e n  th e  P I 0 0  la te n c y  w a s  u s e d  ( s e n s it iv i t y ,  6 0 % ; s p e c i f ic i t y ,  9 6 % ;  

P 1 0 0  la te n c y :  c o n tr o l g r o u p , 110 ±  7 m s; p a t ie n ts , 1 2 5  ±  1 6  m s ) .

T h e  N 8 0  la te n c y  h a d  m o r e  d is c r im in a t iv e  p o w e r . T h e  u s e  o f  th is  p a r a m e te r  

r e s u lte d  in  a  p e r c e n ta g e  c o r r e c t  o f  9 0 %  ( s e n s it iv i t y ,  7 7 % ; s p e c i f ic i t y ,  9 6 % ;  

N 8 0  la te n c y :  c o n tr o l g r o u p , 8 3  ±  4  m s; p a t ie n ts , 9 8  ±  13 m s ) .  C o m b in in g  V E P  

P I 0 0  a m p litu d e  a n d  N 8 0  la te n c y  in  th e  d is c r im in a n t  a n a ly s is  fu r th e r  in c r e a s e d  

th e  p e r c e n ta g e  c o r r e c t  to  91%  ( s e n s it iv ity , 8 0 % ; s p e c if ic i t y ,  9 6 % ) .

D is c u s s io n

Normative values: gender and age-related effects

T h e  n o r m a tiv e  v a lu e s  o f  la te n c y  a n d  a m p litu d e  fo r  th e  d if f e r e n t  c h e c k  s i z e s  a re  

c o m p a r a b le  w ith  th e  f in d in g s  o f  K u r ita -T a sh im a  etal. [ 2 1 ] .  T h e y  in v e s t ig a t e d  

th e  a m p litu d e  o f  th e  N 8 0  a n d  P 1 0 0  p e a k s  s e p a r a te ly  a n d  f o u n d  th a t th e  

d if f e r e n c e  in  a m p litu d e  b e tw e e n  th e s e  p e a k s  c h a n g e d  l i t t le  w ith  d e c r e a s in g  

c h e c k  s iz e .  T h is  is  in  c o n f l ic t  w ith  th e  f in d in g s  o f  T O ro k  etal. [22] a n d  S o k o l  

et al. [8, 9 ] ,  w h o  fo u n d  a m a x im u m  P 1 0 0  a m p litu d e  w ith  a  c h e c k  s i z e  o f  

1 0 ' - 1 5 ' ;  la rg er  a n d  s m a lle r  c h e c k s  r e d u c e d  th e  a m p litu d e .

G e n d e r  d if fe r e n c e s  in  la te n c y  a n d  a m p litu d e  w e r e  c o n s is t e n t .  P 1 0 0  a m p li 

tu d e  w a s  s ig n if ic a n t ly  h ig h e r  a n d  N 8 0  la t e n c y  s ig n i f ic a n t ly  s h o r te r  in  th e  

f e m a le  g r o u p . T h e  P 1 0 0  la te n c y  s h o w e d  a  s ig n if ic a n t  m a le - f e m a le  d if f e r e n c e  

o n ly  fo r  th e  10' c h e c k  s iz e  r e s p o n s e s . T h is  is  c o m p a r a b le  w ith  th e  f in d in g s  o f  

K r iss  etal. [ 2 3 ] ,  C h u  [ 1 0 ] ,  h o w e v e r , fo u n d  s ig n if ic a n t  m a le - f e m a le  d i f f e r e n c e s  

in  b o th  a m p litu d e  a n d  la te n c y  o f  th e  N 8 0  a n d  P 1 0 0  p e a k s .

E f fe c t s  o f  a g e  o n  th e  la te n c y  a n d  a m p litu d e  o f  th e  V E P  w e r e  in v e s t ig a t e d  b y  

m e a n s  o f  c o r r e la t io n  a n d  r e g r e s s io n  a n a ly s is .  N 8 0  la t e n c y  a n d  P 1 0 0  a m p litu d e  

c o r r e la te d  s ig n if ic a n t ly  w ith  a g e  in  th e  n o r m a l g r o u p . P I  0 0  la t e n c y  s h o w e d  a 

m o r e  c o m p le x  r e la t io n s h ip  w ith  a g e :  a  d e c r e a s e  in  c h i ld h o o d  (u n t i l  20 y e a r s ) , 

a  c o n s ta n t  la te n c y  in  th e  r a n g e  fr o m  2 0  to  5 5  y e a r s , a n d  a n  in c r e a s e  o f  la t e n c y  

a fte r  5 5  y e a r s .

A s s e lm a n  etal. [2] a n d  C h u  [1 0 ]  fo u n d  th a t th e  p e a k  la t e n c y  w a s  u n a f fe c te d  

b y  a g e  u n til 6 0  y e a r s , b u t th e r e a fte r  th e r e  w a s  a  t e n d e n c y  f o r  it  to  in c r e a s e . 

In  a  r e c e n t  s tu d y  [2 4 ]  a  c u r v il in e a r  r e la t io n s h ip  b e t w e e n  N 8 0  la t e n c y  a n d  a g e  

w a s  r ep o r ted , b u t n o  s ta t is t ic a lly  s ig n if ic a n t  a g in g  e f f e c t  w a s  f o u n d  fo r  th e  

P 1 0 0  a m p litu d e . O u r stu d y  o n  P 1 0 0  la t e n c y  c o n f ir m s  th e  f in d in g s  o f  A l l i s o n  

et al. [7 ] . S o k o l  et al. [ 9 ] ,  h o w e v e r , r e p o r te d  a  g r a d u a l in c r e a s e  o f  2 .6  m s  p er  

d e c a d e  fo r  sm a ll c h e c k  s iz e s  ( 1 2 ') .  T h e  r e s u lts  o n  th e  V E P  a m p litu d e  in  o u r  

s tu d y  c o n fir m  th e  f in d in g s  o f  K r is s  et al. [ 2 3 ] ,  T h e s e  a u th o r s  r e p o r te d  a ls o  a 

m o n o to n o u s  d e c r e a s e  o f  th e  a m p litu d e  w ith  a g e .
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Discriminative power ofVEP characteristics: MS patients versus normal 

subjects

M u c h  w o r k  h a s  b e e n  d o n e  o n  th e  r e c o g n it io n  o f  M S  b y  t a k in g  th e  la t e n c y  

o f  th e  r e s p o n s e .  D e t e c t i o n  r a te s  ( s e n s i t iv i t y )  r a n g in g  f r o m  5 3 %  t o  9 7 %  h a v e  

b e e n  r e p o r t e d  [ 1 - 5 ] ,  A n  e s s e n t ia l  p r o b le m  is  th a t t h e  s p e c i f i c i t y  i s  n o t  m e n 

t io n e d  in  a n y  o f  t h e  s t u d ie s .  A s s e lm a n  et a i  [2 ]  f o u n d  d e la y e d  r e s p o n s e s  in  

8 4 %  o f  t h e  d e f in i t e  M S  c a s e s  a n d  a  s ig n i f ic a n t  d e c r e a s e  o f  t h e  a m p l i t u d e .  

L a t e n c y  a n d  a m p li t u d e  o f  t h e  r e s p o n s e  w e r e  n o t  r e la t e d  t o  v i s u a l  a c u it y .  L e i j s  

et a l  [6] w e r e  a b le  to  in c r e a s e  t h e  s e n s i t iv i t y  o f  t h e  c la s s i f i c a t io n  to  9 4 %  

b y  u s in g  m u l t ip le  c r i t e r ia  f o r  a b n o r m a lity  o f  th e  r e s p o n s e .  T h e  r e s u l t s  o f  

o u r  r e t r o s p e c t iv e  s tu d y  s h o w  th a t  t h e  d ia g n o s t ic  a c c u r a c y  o f  t h e  V E P  t e s t  

d e p e n d s  s t r o n g ly  o n  t h e  c h o i c e  o f  t h e  V E P  c h a r a c t e r is t ic s .  W e  f o u n d  th a t  in  

t h e  M S  g r o u p , n o n e  o f  th e  V E P  p a r a m e te r s  c o r r e la te d  s ig n i f i c a n t ly  w i t h  a g e ;  

t h is  m a y  b e  b e c a u s e  t h e  s p r e a d  o f  t h e  d a ta  i s  r e la t iv e ly  la r g e ,  i . e . ,  t e n d in g  t o  

m a s k  t h e  a g e  e f f e c t  o n  th e  V E P . T h e  c o m b in e d  u s e  o f  N 8 0  la t e n c y  a n d  P 1 0 0  

a m p li t u d e  in  a  m u lt iv a r ia t e  d is c r im in a n t  a n a ly s is  r e s u lt e d  in  a  s m a l l  in c r e a s e  

( f r o m  7 7 %  t o  8 0 % ) o f  th e  s e n s i t i v i t y  w it h  r e s p e c t  to  th e  e x c l u s i v e  u s e  o f  th e  

N 8 0  la t e n c y ;  s p e c i f i c i t y  r e m a in e d  a t th e  l e v e l  o f  9 6 % . T h e  p e r c e n t a g e  c o r r e c t  

d id  n o t  im p r o v e  s ig n i f i c a n t ly  b y  a d d it io n  o f  th e  P I 00 a m p l i t u d e  p a r a m e te r . 

F u r th e r m o r e , th e  c o m b in e d  u s e  o f  N 8 0  a n d  P 1 0 0  la t e n c y  a l s o  d id  n o t  r a is e  

t h e  p e r c e n t a g e  c o r r e c t .  T h e  p o o r  in c r e a s e  in  d ia g n o s t ic  p o w e r  o f  th e  m u lt i 

v a r ia t e  a p p r o a c h , w h e r e  P 8 0  a n d  N 1 0 0  la t e n c ie s  w e r e  u s e d ,  p r o b a b ly  r e s u l t s  

f r o m  t h e  la r g e  c o r r e la t io n  b e t w e e n  N 8 0  a n d  P 1 0 0  la t e n c y  (r  =  0 .8 0 4 ,  p < 

0 .0 0 1 ) .  A  c o m b in a t io n  o f  N 8 0  la t e n c y  a n d  P 1 0 0  a m p lit u d e  d id  n o t  y i e l d  b e t 

t e r  r e s u lt s  b e c a u s e  o f  t h e  la r g e  in te r s u b je c t  v a r ia b il i ty  o f  th e  P I  00 a m p l i t u d e ,  

a lt h o u g h  th e  c o r r e la t io n  o f  N 8 0  la t e n c y  a n d  P 1 0 0  a m p li t u d e  w a s  a b s e n t  in  

b o th  g r o u p s .

In  th e  a f o r e m e n t io n e d  s t u d ie s ,  t h e  la t e n c y  o f  t h e  m a jo r  p o s i t i v e  p e a k  

( P 1 0 0 )  h a s  b e e n  m o s t  c o m m o n ly  u s e d  a s  a  c la s s i f ic a t io n  p a r a m e te r . I n  o u r  

s tu d y , h o w e v e r ,  w e  f o u n d  th e  la t e n c y  o f  th e  e a r ly  n e g a t iv e  p e a k  ( N 8 0 )  t o  b e  

m o r e  s e n s i t i v e  th a n  P 1 0 0  la t e n c y  in  th e  c la s s i f ic a t io n  o f  M S  p a t ie n t s .  G h i la r d i  

et a i  [ 2 5 ]  r e p o r te d  th a t  th e  e a r ly  n e g a t iv e  p e a k  ( w h ic h  i s  c a l l e d  N 7 0  i n  th e ir  

p a p e r )  a n d  t h e  m a jo r  p o s i t i v e  p e a k  ( P 1 0 0 )  c a n  b e  in d e p e n d e n t ly  a f f e c t e d  in  

M S .  T h e y  f o u n d  p r o lo n g e d  P 1 0 0  la t e n c ie s  in  6 2 %  o f  t h e  M S  c a s e s ,  w h e r e a s ,  

N 7 0  w a s  a b n o r m a l  in  o n ly  5 0 %  o f  th e  e y e s .  T h e s e  r e s u lt s  c o n t r a d ic t  o u r  

f in d in g s ,  w h e r e  t h e  N 8 0  ( N 7 0 )  la t e n c y  w a s  f o u n d  t o  b e  p r o lo n g e d  ( r e la t iv e  

t o  n o r m a l  m e a n  +  2  S D s )  in  7 1 %  a n d  P 1 0 0  la t e n c y  in  o n ly  4 7 %  o f  th e  c a s e s .  

H o w e v e r ,  th e  c o r r e la t io n  o f  N 8 0  la t e n c y  a n d  P I 0 0  la t e n c y  in  th e  M S  g r o u p  

w a s  h ig h . A n  e x a c t  c o m p a r is o n  o f  th e  r e s u lt s  is  d i f f ic u l t  b e c a u s e  G h ila r d i  

et al. [ 2 5 ]  u s e d  a  s t im u lu s  c o n s i s t in g  o f  v e r t ic a l  g r a t in g s  w it h  a  s in u s o id a l  

lu m in a n c e  p r o f i le ,  w h i l e  in  o u r  s tu d y  a  p a t t e m - r e v e r s a l  s t im u lu s  w ith  h ig h
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c o n t r a s t  w a s  u s e d .  F r o m  o u r  d a ta  it c a n  b e  c o n c lu d e d  th a t N 8 0  la t e n c y  i s ,  m o r e  

th a n  P 100 la t e n c y , in f lu e n c e d  b y  a g e ,  s e x  a n d  s i z e  o f  t h e  s t im u lu s  p a tte r n , 

b u t  w h e n  t h e s e  in f lu e n c e s  a re  ta k e n  in to  a c c o u n t ,  th e  N 8 0  la t e n c y  is  a  m o r e  

s e n s i t i v e  p a r a m e te r  th a n  P I 0 0  la t e n c y  in  t h e  c la s s i f i c a t io n  o f  M S . T h is  e f f e c t  

i s  s t r o n g e r  w h e n  s m a lle r  c h e c k  s i z e s  a re  u s e d  ( 1 0 ' ) .  T h e  u s e  o f  a  1 0 ' c h e c k  

s i z e  y i e l d s  a  h ig h e r  d ia g n o s t ic  a c c u r a c y . H o w e v e r ,  a  s t r o n g  d is a d v a n t a g e  is  

th a t  t h e  n u m b e r  o f  M S  p a t ie n ts  f r o m  w h o m  r e l ia b le  V E P  r e s p o n s e  c a n  b e  

r e c o r d e d  i s  s m a lle r .

I n  c o n c lu s io n ,  w e  c a n  s ta te  th a t, e s p e c ia l ly  f o r  N 8 0  la t e n c y  a n d  P I 0 0  

a m p li t u d e , a g e  a n d  g e n d e r  in f lu e n c e s  a re  n o t  n e g l i g ib l e  in  th e  d ia g n o s i s  o f  M S . 

C o r r e c t io n  f o r  t h e s e  e f f e c t s  le a d s  to  m o r e  e f f e c t i v e  c la s s i f i c a t io n ,  a n d  b o th  

la t e n c ie s  a n d  a m p lit u d e  th e n  a r e  u s e f u l .  B e c a u s e  o f  th e  h ig h  c o r r e la t io n  a n d  

la r g e  v a r ia b il i ty , th e  s im u lt a n e o u s  u s e  o f  la t e n c y  a n d  a m p lit u d e  le a d s  to  o n ly  

a  m in o r  im p r o v e m e n t .  F u r th e r  in v e s t ig a t io n s  o n  th e  n a tu r e  o f  in te r in d iv id u a l

a n d  in t r a in d iv id u a l  v a r ia b il i ty  a n d  p o s s ib i l i t i e s  to  in c r e a s e  t h e  s ig n a l - t o - n o i s e  

r a t io  o f  V E P s  w i t h  s ig n a l  p r o c e s s in g  t e c h n iq u e s  a r e  t h e r e f o r e  d e s ir a b le .
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