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UNIVERSITY OF SOUTHAMPTON 

ABSTRACT 

FACULTY OF MEDICINE 

NEUROPHYSIOLOGY 

M a s t e r of P h i l o s o n h v 

AN INVESTIGATION INTO THE ORIGIN OF THE EARLY VISUAL EVOKED RESPONSE 

by Andrew Paul Larwood 

In t h e t i m e between t h e o n s e t of t h e e l e c t r o r e t i n o g r a m and t h e 

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

o f l i g h t , a s e r i e s o f small ' o s c i l l a t o r y ' p o t e n t i a l s may be recorded 

o v e r wide a r e a s of t h e s c a l p . These e a r l y ' o s c i l l a t o r y ' p o t e n t i a l s 

have been v a r i o u s l y a t t r i b u t e d t o e i t h e r a s u b - c o r t i c a l g e n e r a t o r or 

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

In t h i s s t u d y an a t t e m p t has been made t o r e s o l v e t h i s d i s c r e p a n c y 

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

o s c i l l a t o r y ' p o t e n t i a l s evoked by s t i m u l a t i n g t h e v i s u a l sy s t em 

with the use o f f l a s h e s o f l i g h t . 

In a d d i t i o n , a r e v i e w of t h e e a r l y l i t e r a t u r e and work c o n c e r n i n g 

t h i s evoked p o t e n t i a l i s i n c l u d e d and r e s u l t s e s t a b l i s h e d in e a r l i e r 

work are compared with the r e s u l t s found In t h i s s t u d y . 

The e f f e c t o f vary ing the t e s t s t i m u l u s , 1e r a t e , c o l o u r 

( w a v e l e n g t h ) , i n t e n s i t y and background i l l u m i n a t i o n with r e s p e c t t o 

evoking the e l e c t r o p h y s i o l o g i c a l p o t e n t i a l w i l l be p r e s e n t e d t o show 

t h a t the e a r l y o s c i l l a t o r y p o t e n t i a l s are r e c o r d a b l e and maximal 

f rom e l e c t r o d e p o s i t i o n Pz . 

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

v i s u a l p o t e n t i a l s are not r e l a t e d t o the ERG or c o r t i c a l evoked 

p o t e n t i a l In re sponse t o a f l a s h o f l i g h t . S e p a r a t i n g the e a r l y 

v i s u a l o s c i l l a t o r y p o t e n t i a l s from the ERG u s i n g s c o t o p i c and 

p h o t o p i c c o n d i t i o n s i n d i c a t e s t h a t t h e g e n e r a t o r s i t e f o r t h e s e 

p o t e n t i a l s i s p r o b a b l y from an i n t r a c r a n i a l p o s t - c h i a s m a l s o u r c e , 

and not volume conducted p o t e n t i a l s generated by the r e t i n a . 
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CHAPTER 1 

INTRODUCTION 

The v i s u a l Evoked P o t e n t i a l t o f l a s h e s of l i g h t was d e m o n s t r a t e d by 

A d r i a n & Matthews as e a r l y a s 1934. They showed t h a t r h y t h m i c 

e l e c t r i c a l r e s p o n s e s c o u l d be r e c o r d e d from e l e c t r o d e s p l a c e d o v e r 

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

f l a s h s t i m u l u s and then termed ' p h o t i c f o l l o w i n g ' . The l i g h t f l a s h 

s t i m u l a t o r , t h e e l e c t r o n i c s t r o b o s c o p e , was d e v i s e d by Grey W a l t e r 

in 1946 and t h i s i n s t r u m e n t was u t i l i s e d by e a r l y worke r s 

i n v e s t i g a t i n g the v i s u a l evoked p o t e n t i a l (VEP), (Barlow & Braz i er 

1957; C a l v e t e t al 1956; Cobb & Dawson 1956, 1960; Ciganek 1958, 

1959 ) . 

In r o u t i n e EEG e x a m i n a t i o n s , the re sponse t o a f l a s h i n g l i g h t 

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

s i g n i f i c a n c e in s u b j e c t s t h a t show a p h o t o - c o n v u l s i v e r e s p o n s e , 

f i r s t d e s c r i b e d by Grey Walter (1946) and more e x t e n s i v e l y by 

J e a v o n s & Hard ing ( 1 9 7 5 ) , o r in some n o n - i n f e c t i v e e n c e p h a l o p a t h i e s 

such as Batten-Mayou d i s e a s e ( C a r e l s e t al 1960; Pampigl ione & 

Harden 1973) . 

The absence or p r e s e n c e o f the ' p h o t i c d r i v i n g or f o l l o w i n g ' 

re sponse r a r e l y has c l i n i c a l s i g n i f i c a n c e in normal s u b j e c t s and 

indeed l e s s than o f normal c o n t r o l s have c l e a r l y o b s e r v a b l e 

r e s p o n s e s in t h e raw EEG. Normal c o n t r o l s u b j e c t s o c c a s i o n a l l y show 

' p h o t i c f o l l o w i n g ' r e s p o n s e s n o t o n l y t o r e l a t i v e l y f a s t f r equency 

l i g h t f l a s h e s b u t a l s o t o s i n g l e f l a s h e s . In a d d i t i o n , ha rmon ic s 

and s u b - h a r m o n i c s of t h e s t i m u l u s f r e q u e n c y can be o b s e r v e d . In 

some s u b j e c t s t h e a m p l i t u d e of t h e ' p h o t i c f o l l o w i n g ' i s l a r g e 

enough t o be o b s e r v e d in t h e raw EEG w i t h o u t t h e need f o r averag ing 

t e c h n i q u e s . 

E a r l y i n v e s t i g a t i o n of t h e v i s u a l evoked p o t e n t i a l (VEP) i n humans 

(Cobb & Dawson 1960; C iganek 1 9 6 1 ) , f i g u r e 1, showed a p o l y p h a s i c 

waveform c o n s i s t i n g of s e v e r a l p o s i t i v e and n e g a t i v e components 

( C i g a n e k 1951 and G a s t a u t & Reg i s 1965) s t a r t i n g a t a b o u t 20 msec 

and c o n t i n u i n g u n t i l 250 msec a f t e r t h e s t i m u l u s . 
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In t h e e a r l i e r work, a d e g r e e of u n c e r t a i n t y e x i s t e d a b o u t t h e 

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

s t i m u l u s and a l s o of i t s o r i g i n . Much d i s c u s s i o n t ook p l a c e w i t h 

r e g a r d t o t h e o r i g i n of t h e smal l e a r l y waves w i t h two main t h e o r i e s 

b e i n g s u b m i t t e d as t o t h e o r i g i n . The f i r s t t h e o r y s t a t e d was t h a t 

t h e e a r l y waves somet imes r e f e r r e d t o as ' o s c i l l a t o r y p o t e n t i a l s ' 

were of c o r t i c a l o r i g i n . The s e c o n d , and a t t h a t t i m e most l i k e l y 

o r i g i n f o r t h e s e waves , was t h e p a s s i v e c u r r e n t s p r e a d o r volume 

c o n d u c t i o n of t h e e l e c t r o - r e t i n o g r a m (ERG) s i n c e t h e l a t e n c y of t h e 

' b ' wave of t h e ERG c o i n c i d e d a p p r o x i m a t e l y w i t h t h e l a t e n c y of t h e 

f i r s t of t h e e a r l y waves (Cobb & Morton 1952; C a l v e t , C a t h a l a , 

H i r s c h & S c h e r r e r 1956; Monnier 1957, Ciganek 1 9 5 8 ) . F u r t h e r m o r e , 

animal e x p e r i m e n t s have r e v e a l e d h igh f r e q u e n c y , smal l a m p l i t u d e 

w a v e l e t s ( a l s o c a l l e d ' o s c i l l a t i o n s ' , ' o s c i l l a t o r y p o t e n t i a l s ' , 

' r i p p l e s ' ) b e i n g r e c o r d e d f rom a l l l e v e l s of t h e v i s u a l sy s t em f rom 

r e t i n a , o p t i c n e r v e , l a t e r a l g e n i c u l a t e n u c l e i , o p t i c t r a c t and 

v i s u a l c o r t e x a r e a s 17, 18, 19 (Doty & Kimura 1963; Hughes 1964; 

S t e i n b e r g 1966; W a c h t m e i s t e r & Dowling 1978; C r a p p e r & Noel l 1960; 

Yokoyama e t a l 1964; Ogden 1973; F a t e r h a n d 1 9 7 8 ) . Many w o r k e r s 

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

r a n g i n g f rom 20 msec ( G a s t a u t & R e g i s , 1965 ) ; 28 msec (C iganek 

1 9 6 1 ) ; 35 msec (Vaughan & Hull 1 9 6 5 ) ; 40 msec ( A l l i s o n e t a l 1977 ) ; 

13-24 msec ( C r a c c o & C r a c c o 1 9 7 8 ) ; 21 msec ( H a r d i n g & R u b i n s t e i n 

1980) ; 10 msec (Van H a s s e l t 1972) ; 13 msec ( P r a t t , B l e i c h & B e r l i n e r 

1 9 8 2 ) ; 39 msec ( W h i t t a k e r & S e i g f r i e d 1 9 8 2 ) . As can be seen f rom 

t h i s s e l e c t i o n of work u n d e r t a k e n i n v e s t i g a t i n g t h e e a r l y waves 

e l i c i t e d by a l i g h t f l a s h s t i m u l u s , v a r i a t i o n in l a t e n c y r a n g i n g 

f rom 10 msec t o 40 msec i s c l e a r l y a p p a r e n t . The d e g r e e o f 

v a r i a t i o n , some 30 msec , i s , i n n e u r o p h y s i o l o g i c a l t e r m s , q u i t e 

e x t r e m e c o n s i d e r i n g t h e anatomy and p h y s i o l o g y of t h e v i s u a l 

p a t h w a y s , t h e v a r i a t i o n s o f which c o u l d be a t t r i b u t e d t o d i f f e r e n t 

methods of a c q u i r i n g t h e d a t a , i e e l e c t r o d e m o n t a g e , e l e c t r o d e 

r e f e r e n c e s i t e , bandwid th o f t h e a m p l i f i e r s , s t i m u l u s r a t e , 

i n t e n s i t y , d u r a t i o n and w a v e l e n g t h of l i g h t used in t h e 

i n v e s t i g a t i o n s and t h i s has added t o t h e c o n f l i c t i n g r e p o r t s as t o 

t h e o r i g i n s of t h e s e somewhat n e g e l e c t e d evoked p o t e n t i a l s . 



Over t h e y e a r s , l o s s of i n t e r e s t in s h o r t - l a t e n c y p o t e n t i a l s o c c u r e d 

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

s t i m u l u s and i t s f i r s t a p p l i c a t i o n c l i n i c a l l y ( H a l l i d a y 1972, 1973) 

and by t h e n a t u r e of t h e r e s p o n s e i t s e l f . S h o r t l a t e n c y VEP's were 

g e n e r a l l y of low a m p l i t u d e , e x t r e m e l y v a r i a b l e and showed poor 

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

l a t e r components t h a t have l a t e n c i e s between 7 5 - 1 4 5 msec , e s p e c i a l l y 

t h e m a j o r p o s i t i v e component (PlOO o r P2) t h a t i s b e s t evoked by 

p a t t e r n r e v e r s a l s t i m u l i , u s u a l l y a b lack and whi t e chequer board 

genera ted by s l i d e s or TV m o n i t o r s . The f l a s h VEP has been 

d e s c r i b e d as b e i n g more u n r e l i a b l e and more v a r i a b l e t h a n t h e 

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

s i t u a t i o n s where p r e c i s e q u a n t i f i c a t i o n of waveform s t a t i s t i c s a r e 

r e q u i r e d ( H a l l i d a y 1981, 1 9 8 2 ) . 

However, a l t h o u g h t h e p a t t e r n r e v e r s a l VEP i s t h e v i s u a l s t i m u l u s 

most w i d e l y u s e d , t h i s t e c h n i q u e does n o t evoke e a r l y components of 

t h e VEP. In a d d i t i o n , t h e use of a f l a s h s t i m u l u s t o e l i c i t a VEP 

l a r g e l y e l i m i n a t e s t h e need f o r t h e s u b j e c t t o m a i n t a i n s t a b l e 

f i x a t i o n and f o c u s i n g on t h e s t i m u l a t o r / s t i m u l u s , a r e q u i r e m e n t 

n e c e s s a r y when u s i n g t h e c h e q u e r board t y p e s t i m u l a t o r . 

F u r t h e r m o r e , p a t t e r n r e v e r s a l VEP a r e s e n s i t i v e t o r e f r a c t i v e e r r o r s 

in t h e s u b j e c t b e i n g t e s t e d , whe reas t h e f l a s h VEP i s l e s s a f f e c t e d 

by t h e o p a c i t y of t h e media of t h e e y e , eg c a t a r a c t s (Thompson & 

H a r d i n g , 1978) o r m a j o r eye i n j u r i e s (Crews , H a r d i n g & Thompson, 

1 9 7 8 ) . A l so t h e f l a s h VEP can be used on newborn i n f a n t s where t h e 

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

u n r e l i a b l e bo th d u r i n g w a k e f u l n e s s and a c t i v e s l e e p , b u t r e l i a b l e 

d u r i n g q u i e t s l e e p ( E l l i n g s o n , L a t h r o p , Danahy & Nelson 1 9 7 2 ) . 

These w o r k e r s a l s o c o n c l u d e d t h a t t h e f l a s h VEP was a u s e f u l method 

in e s t i m a t i n g t h e m a t u r i t y of d e v e l o p m e n t of t h e v i s u a l pa thway f rom 

te rm b i r t h t o 18-24 months where i t r e a c h e s a d u l t l e v e l s and t h a t in 

a d u l t s VEP's t e n d e d t o be r e l i a b l e d u r i n g bo th w a k e f u l n e s s and s l e e p 

b u t e s p e c i a l l y d u r i n g s low wave s l e e p (SMS). 
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The f l a s h VEP has a l s o been of use in i n v e s t i g a t i n g p a t i e n t s t h a t 

p r e s e n t w i t h h y s t e r i c a l / p y s c h o g e n i c b l i n d n e s s , on comatosed o r 

a n a e t h e t i s e d p a t i e n t s , i n l e s i o n s of t h e o p t i c pa thway c a u s i n g 

homonymous h e m i a n o p i a (Vaughan , Katzman & T a y l o r 1963; C r e u t z f e l d t & 

Kuhnt 1967; H a r d i n g , Thompson & P a n a y i o p o p o u l o s 1970) and in o r b i t a l 

s u r g e r y , (Harding , Smith & Yorke 1987; Costa de S i l v a ; Warg & Symon 

1 9 8 5 ) , in s u r g i c a l d e c o m p r e s s i o n of t h e o p t i c ch iasm f rom p i t u i t a r y 

adenomas ( S e d g w i c k , P i c k a r d , Tawana, L a k h b i r , 1983) and as a 

n o n - i n v a s i v e method of i n t r a c r a n i a l p r e s s u r e e s t i m a t i o n (York , 

Legan, Benmer & Wat t s 1 9 8 4 ) . As has been s t a t e d a b o v e , t h e o r i g i n 

of t h e e a r l y s c a l p r e c o r d e d VEP's i s s t i l l d e b a t a b l e , h a v i n g 

d e f i n i t e s c h o o l s of s u p p o r t f rom l e a r n e d a u t h o r s f rom a round t h e 

w o r l d . 



Review of L i t e r a t u r e 

In J a n u a r y 1960, Cobb & Dawson, u s i n g s u p e r i m p o s i t i o n t e c h n i q u e s 

(Dawson 1 9 4 7 ) , found a c l e a r s u r f a c e p o s i t i v e p o t e n t i a l w i t h a 

l a t e n c y of be tween 20 and 25 msec and a m p l i t u d e of 1 - 1 . 5 uV a f t e r 

t h e f l a s h . In a d d i t i o n , a s e r i e s of f a s t e r waves were seen 

superimposed on the v a r i a b l e s low waves which succeeded the f i r s t 

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

waves (8 -11 msec) c o r r e s p o n d e d c l o s e l y w i t h t h e o s c i l l a t o r y 

p o t e n t i a l s of t h e ERG. Cobb & Dawson t r i e d t o d e t e r m i n e t h e 

l o c a t i o n of t h i s EEC r e s p o n s e and a l s o t h e p o l a r i t y , u s i n g w i d e l y 

spaced e l e c t r o d e s c o v e r i n g t h e m i d l i n e , above and below t h e i n i o n o r 

e x t e r n a l o c c i p i t a l p r o t r u b a n c e and t o t h e l e f t and r i g h t of t h e 

c e n t r e l i n e . The e l e c t r o d e s were c o n n e c t e d in a b i p o l a r c h a i n such 

t h a t an upward d e f l e c t i o n o c c u r e d as a r e s u l t of one s i d e of t h e 

a m p l i f i e r becoming more n e g a t i v e t han t h e o t h e r . 

The maximum p o t e n t i a l was l o c a t e d when t h e g r a d i e n t s of t h e 

p o t e n t i a l s p h a s e r e v e r s e d . T h i s was d e t e r m i n e d t o be 6 cm above t h e 

i n i o n on t h e m i d l i n e . C l o s e r s p a c i n g of e l e c t r o d e s was found t o 

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

The i n i t i a l p o s i t i v e d e f l e c t i o n a t 2 0 - 2 5 msec was f o l l o w e d by a 

n e g a t i v e d e f l e c t i o n w i t h a l a t e n c y of 3 5 - 4 5 msec and a l a r g e r 

a m p l i t u d e p o s i t i v e p o t e n t i a l a t 60 -70 msec. The r e s p o n s e s o b t a i n e d 

by Cobb & Dawson u s i n g t h e s u p e r i m p o s i t i o n t e c h n i q u e a p p e a r e d v e r y 

v a r i a b l e f rom one s t i m u l u s p r e s e n t a t i o n t o t h e n e x t which t h e y 

c o n c l u d e d was due s o l e l y t o t h e randomness o f t h e background EEC 

a c t i v i t y . 

However, t h e r e s p o n s e s f rom a v e r a g e d r e c o r d s w i t h i n s u b j e c t s were 

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

d e g r e e of c o n f i d e n c e w i t h i n s u b j e c t s . As w i t h a l l fo rms of s t i m u l i 

a p p l i e d t o t h e s e n s o r y s y s t e m , t h e evoked p o t e n t i a l i s r e l a t e d t o 

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

a m p l i t u d e w i t h maximum i n t e n s i t y s t i m u l i a s compared w i t h weaker 

s t i m u l i . 
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F u r t h e r m o r e , t h e l a t e n c y i s a l s o i n c r e a s e d b u t t h e d e g r e e of 

i n c r e a s e i s l e s s t h a n t h e d e g r e e of d e c r e a s e in a m p l i t u d e . In Cobb 

& Dawson's s t u d y , a d e c r e a s e in f l a s h I n t e n s i t y from 32 j o u l e s t o 2 

j o u l e s r e s u l t e d in a 10 msec i n c r e a s e in l a t e n c y f rom 2 0 - 2 5 msec t o 

30 -35 msec and a r e d u c t i o n i n a m p l i t u d e by 50%. Cobb & Dawson 

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

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

o v e r t h e s c a l p ( s o m a t i c s e n s o r y r e c e i v i n g a r e a ) a f t e r a p e r i p h e r a l 

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

In t h e same y e a r , C iganek p u b l i s h e d more d e f i n i t i v e r e s u l t s 

f o l l o w i n g e a r l i e r work in 1958 and 1959. Us ing an e l e c t r o d e 

d e r i v a t i o n o f Oz-Pz f rom 10-20 sys tem of e l e c t r o d e p l a c e m e n t s , t h e 

evoked r e s p o n s e o b t a i n e d had two s e p a r a t e c o n t r i b u t i o n s . 

The evoked p o t e n t i a l w i t h i n i t i a l n e g a t i v e d e f l e c t i o n of 39 msec 

( 2 . 9 u V ) , p o s i t i v e d e f l e c t i o n of 53 msec (2 .5uV) and a n e g a t i v e 

p o t e n t i a l o f 73 msec ( 5 . 2 u V ) . These f i r s t t h r e e I , I I and I I I waves 

formed t h e p r i m a r y r e s p o n s e and were c o n s i s t e n t f rom s u b j e c t t o 

s u b j e c t and were u n a f f e c t e d by changes in s t i m u l u s r a t e up t o 10 Hz. 

The l a t e r waves IV-VII (> 90 msec) were c o n s i d e r e d t o fo rm t h e 

s e c o n d a r y r e s p o n s e o f t h e f l a s h VEP and were a f f e c t e d by s t i m u l u s 

r a t e s above 10 Hz. C iganek d e t e r m i n e s t h a t waves I - I I I were 

unchanged d u r i n g s l e e p e x c e p t f o r a p r o l o n g a t i o n of l a t e n c y whereas 

l a t e r waves IV-VII can be e l i c i t e d by sound . These r e s u l t s 

s u p p o r t e d t h e a s s u m p t i o n t h a t t h e p r i m a r y r e s p o n s e (waves I , 11, 

I I I ) a r e evoked in a r e a 17 f o l l o w i n g a s p e c i f i c pa thway . The 

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

d i s t r i b u t e d b u t maximal in t h e c e n t r e l i n e and in t h e o c c i p i t a l 

r e g i o n . F i g u r e 1. 

The s e c o n d a r y r e s p o n s e was r e g a r d e d t o be evoked by n o n - s p e c i f i c 

d i f f u s e pa thways b e c a u s e o f i t s long l a t e n c y , d i s a p p e a r a n c e a t h igh 

s t i m u l u s r a t e s and t h e e f f e c t of s l e e p on t h e waves bo th in l a t e n c y , 

morphology and a m p l i t u d e . 
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F o l l o w i n g t h e s e c o n d a r y r e s p o n s e i s t h e r h y t h m i c a f t e r - d i s c h a r g e 

(Barlow & B r a z i e r 1957; C a l v e t e t al 1956; Ciganek 1958; Cobb 1950) 

which has a f r e q u e n c y o f 8 - 1 2 Hz ( 2 4 0 - 1 3 4 0 msec) and I s thought t o 

be r e l a t e d t o t h e a l p h a rhy thm. I t i s v a r i a b l e and d e p e n d e n t on 

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

p r o m i n e n t in i n d i v i d u a l s who p o s s e s s a d i s t i n c t , we l l e s t a b l i s h e d 

a l p h a (cx) rhythm when t h e eyes a r e c l o s e d and t h e s u b j e c t i s r e l a x e d , 

C iganek c o n c l u d e d t h a t t h e p r i m a r y r e s p o n s e was l o c a l i s e d 

p r e d o m i n a n t l y in t h e c e n t r e l i n e and in t h e o c c i p i t a l r e g i o n . For 

many y e a r s t h e evoked p o t e n t i a l t o a l i g h t f l a s h s t i m u l u s and i t s 

p h y s i o l o g i c a l o r i g i n were u n q u e s t i o n e d , e s p e c i a l l y a s t h e f l a s h of 

l i g h t f rom a s t r o b o s c o p e used as a s t i m u l u s was s u p e r c e d e d by t h e 

p a t t e r n r e v e r s a l s t i m u l a t o r which g e n e r a t e d much more i n t e r e s t in 

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

Dur ing t h e 1 9 7 0 ' s a number of w o r k e r s i d e n t i f i e d s h o r t l a t e n c y 

a u d i t o r y and s o m a t o s e n s o r y evoked p o t e n t i a l s which a r o s e f rom 

s u b c o r t i c a l a r e a s t h a t were r e c o r d e d f rom t h e human s c a l p ( J e w e t t e t 

a l 1970; C r a c c o & C r a c c o 1 9 7 6 ) . In 1978, C r a c c o & C r a c c o i d e n t i f i e d 

s i m i l a r s h o r t l a t e n c y p o t e n t i a l s evoked by v i s u a l s t i m u l a t i o n , 

r e c o r d e d f rom t h e human s c a l p . These s h o r t l a t e n c y p o t e n t i a l s had 

p r e v i o u s l y been r e c o r d e d in animal e x p e r i m e n t s , e s p e c i a l l y f rom o v e r 

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

o p t i c t r a c t s (Doty & Kimura 1963; Doty e t a l 1964; S t e i n b e r g 1 9 6 6 ) . 

O s c i l l a t o r y p o t e n t i a l s s i m i l a r in l a t e n c y and c o n f i g u r a t i v e 

morphology have been r e c o r d e d f rom t h e ERG of a n i m a l s and man 

( G r a n i t 1933; Cobb & Morton 1953; Cobb & Dawson 1960; Yokoyama e t a l 

1964) . 

The ERG o s c i l l a t o r y p o t e n t i a l s a r e t h o u g h t t o have been g e n e r a t e d by 

t h e membranes of t h e i n n e r p l e x i f o r m l a y e r of t h e r e t i n a , i n v o l v i n g 

t h e axon t e r m i n a l s of t h e b i p o l a r c e l l s , t h e p r o c e s s of t h e a m a c r i n e 

c e l l s and t h e d e n d r i t e s of t h e g a n g l i o n c e l l s (Ogden 1973) b u t 

however , t h e ERG o s c i l l a t o r y p o t e n t i a l s were a t t e n u a t e d in s u s t a i n e d 

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

t h e o p t i c n e r v e and o p t i c t r a c t of t h e c a t a p p e a r e d maximal o v e r t h e 

a n t e r i o r r e g i o n s ( S t e i n b e r g 1 9 6 6 ) . 



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

a n t e r i o r f r o n t a l r e g i o n s were due t o a c o m b i n a t i o n of e l e c t r i c a l 

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

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

o r i g i n of t h e o s c i l l a t o r y p o t e n t i a l s t o s p e c i f i c p h y s i o l o g i c a l 

pa thways o r a n a t o m i c a l s t r u c t u r e s w i t h i n t h e v i s u a l pa thway . 

With r e s p e c t t o t h e o s c i l l a t o r y p o t e n t i a l s r e c o r d e d o v e r c e n t r a l , 

p a r i e t a l and o c c i p i t a l r e g i o n s , Cracco & Cracco (1978) c l e a r l y 

demonstrated t h a t the a m p l i t u d e , f requency and s h o r t o n s e t l a t e n c y 

o f the o s c i l l a t o r y p o t e n t i a l s i s comparable t o p o t e n t i a l s recorded 

f rom t h e l a t e r a l g e n i c u l a t e body , o p t i c r a d i a t i o n and c o r t e x of 

a n i m a l s . 

Al though t h e r e a p p e a r s t o be a g r e e m e n t in t h e l i t e r a t u r e c o n c e r n i n g 

the e a r l y p o t e n t i a l s g e n e r a t e d by v i s u a l s t i m u l i 1n animal 

e x p e r i m e n t s , t h e c o n v e r s e i s t r u e when a p p l i e d t o t h e human 

p o p u l a t i o n as p r e v i o u s l y d e f i n e d by the p r e c e d i n g e x t r a c t s . 

There s t i l l e x i s t s c o n s i d e r a b l e d i v e r s i t y of o p i n i o n as t o t h e i r 

o r i g i n , a p rob lem t h a t i s u n d o u b t e d l y confounded by i n t e r - l a b o r a t o r y 

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

As an example of v a r i a t i o n s in t e c h n i q u e , t h e b a n d w i d t h s of t h e 

a m p l i f i e r s used by e a r l y w o r k e r s r a n g e f rom 30-1000 Hz ( - 3dB p o i n t s , 

6dB/oc tave r o l l o f f ) ( P r a t t , B l e l c h & B e r l i n e r 1982) ; 100-2500 Hz 

( -3dB) ( C r a c c o & C r a c c o 1 9 7 8 ) ; 1 - 1 0 0 0 Hz and 60-200 Hz (24 

d B / o c t a v e r o l l o f f ) ( W h i t t a k e r & S e i g f r i e d 1982) ; 30 -500 Hz and 

66-700 Hz ( H a r d i n g & R u b e n s t e i n 1980, 1981) ; 100-1500 Hz ( - 6dB o r 

- 1 2 d B / o c t a v e r o l l - o f f ( S a n a r e l l i e t a l 1 9 8 8 ) . 

The f r e q u e n c y of t h e ' o s c i l l a t o r y p o t e n t i a l s ' have been r e p o r t e d t o 

be between 80-170 Hz, t h e r e f o r e bandwid th o f t h e f i l t e r s i s 

i m p o r t a n t in d e t e r m i n i n g t h e f r e q u e n c y and more i m p o r t a n t l y t h e 

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

t h e bandwid th of t h e r e c o r d i n g s y s t e m i s used as a method o f 

determin ing the e f f e c t o f f i l t e r s on the p o t e n t i a l s and with t h i s In 

mind, bo th a n a l o g and d i g i t a l f i l t e r s were employed . 



o t h e r p a r a m e t e r s were changed t o e l i c i t and e v a l u a t e t h e o r i g i n of 

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

such as w a v e l e n g t h of l i g h t , l u m i n o s i t y and i n t e n s i t y and a l s o t h e 

type o f s t i m u l u s used , i e G a n z f e l d , LED g o g g l e s or S troboscope 

( A l l e n e t a l 1981; Lehmann a t a l 1 9 6 9 ) . 

The ERG has been advocated as one p o s s i b l e o r i g i n o f some o f t h e s e 

components ( A l l i s o n , Matsumiya, Goff & Goff 1977; Gamb1, R o s s i n i , 

P i r c h i o and Marchlonna 1981) whereas o t h e r s s t r o n g l y deny t h i s 

p o s s i b i l i t y (Perry & C h l l d e r s 1969; Vaughan 1966) . 

The o p t i c nerve I s s u g g e s t e d by o t h e r s (Van H a s s e l t 1972; Honda 

1977; S i e g f r i e d 1980) but the o p t i c t r a c t , l a t e r a l g e n i c u l a t e body 

and g e n i c u l o - c a l c a r i n e t r a c t have a l s o been p r o p o s e d (R iggs 1969; 

P i c t o n & Hink 1974; Cracco & Cracco 1978; Harding 1978) 1n a d d i t i o n 

t o the v i s u a l c o r t e x I t s e l f (Nakamura 1978) . In 1978, Harding & 

Rubins te in deve loped a t e c h n i q u e t o I n v e s t i g a t e the f i r s t 50 msec 

p o s t s t i m u l u s I n t e r v a l t o record s h o r t l a t e n c y p h o t i c a l l y evoked 

p o t e n t i a l s which a r e u n r e l a t e d t o t h e ERG and i n d e p e n d e n t of t h e 

c o r t i c a l VEP. They c a l l e d t h e s e e l i c i t e d r e s p o n s e s V i s u a l Evoked 

S u b - c o r t i c a l P o t e n t i a l s (VESP) (Harding & R u b i n s t e i n 1979, 1980, 

1981; R u b i n s t e i n 1 9 8 1 ) . 

Hard ing & R u b i n s t e i n found a m a j o r t r i p h a s i c p o t e n t i a l p o s i t i v e -

n e g a t i v e - p o s i t i v e (PNP) complex o f mean l a t e n c y P23 msec , N28 msec , 

P34 msec t h a t occured In 86% of s u b j e c t s i n v e s t i g a t e d with a maximal 

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

m a s t o i d p r o c e s s o r e q u i - d i s t a n t between e l e c t r o d e s T4 and T6 o r 13 

and 15 of t h e 10 /20 i n t e r n a t i o n a l e l e c t r o d e p l a c e m e n t s r e f e r e n c e d t o 

Cz. The p o t e n t i a l (VESP) was r e c o r d e d b i - l a t e r a l l y even w i t h t h e 

o c c l u s i o n of an eye s u g g e s t i n g t h a t i s i s g e n e r a t e d p o s t - c h i a s m a l l y 

and n o t f rom t h e r e t i n a o r t h e o p t i c n e r v e ( p r e - c h i a s m a l s t r u c t u r e s ) . 
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The most p l a u s i b l e s t r u c t u r e in t h e o p t i c pa thway a t t h i s j u n c t u r e 

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

(VESP) was c o n s i d e r e d t o be a f a r f i e l d evoked p o t e n t i a l s i m i l a r t o 

t h e B r a i n s t e m A u d i t o r y Evoked P o t e n t i a l t h a t can be r e c o r d e d on t h e 

s c a l p in r e s p o n s e t o a u d i t o r y s t i m u l i such as c l i c k s and t o n e 

b u r s t s / p i p s . The f a r f i e l d concept was d e v i s e d by J e w e t t & 

W i l l i s t o n in 1971 t o a c c e n t u a t e t h e components o f t h e BAEP due t o 

t h e g e n e r a t o r s i t e s of t h e BAEP b e i n g a c o n s i d e r a b l e d i s t a n c e f rom 

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

P r a t t , B l e i c h & B e r l i n e r in 1982 c o n d u c t e d e x p e r i m e n t s t o r e s o l v e 

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

p o t e n t i a l s t h a t e x i s t e d from d i f f e r e n t a u t h o r s . The two major 

c o n t r i b u t i o n s t h a t were quoted were s t u d i e s from Van H a s s e l t (1972) 

and Cracco & Cracco ( 1 9 7 8 ) . 

P r a t t , B l e i c h & B e r l i n e r (1982) r e c o r d e d s h o r t l a t e n c y ( o s c i l l a t o r y ) 

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

and a l s o examined t h e e f f e c t s of eye p o s i t i o n and s t i m u l u s i n t e n s i t y 

on t h e p o t e n t i a l s . In d e t e r m i n i n g t h e s u r f a c e d i s t r i b u t i o n of t h e 

s h o r t l a t e n c y o r o s c i l l a t o r y p o t e n t i a l s , a n o n - c e p h a l i c r e f e r e n c e 

s i t e was used in t h e hope of s i t i n g t h e g e n e r a t o r s of t h e s e 

p o t e n t i a l s . The s i t e used as t h e n o n - c e p h a l i c r e f e r e n c e was t h e 

seventh c e r v i c a l v e r t e b r a e (CV V I I ) . The r e s u l t s from t h i s s t u d y , 

as d e m o n s t r a t e d in t h e l i t e r a t u r e , s u g g e s t t h a t a s e r i e s of 

components recorded w i t h i n the f i r s t 100 msec f o l l o w i n g p h o t i c 

s t i m u l a t i o n were volume c o n d u c t e d a c t i v i t y g e n e r a t e d by a s u b s e t of 

t h e v i s u a l sys t em which i s a c t i v a t e d by l u m i n o s i t y c h a n g e s . The 

r e s p o n s e o b t a i n e d can be d i v i d e d i n t o t h r e e s e c t i o n s w i t h t h e f i r s t 

f o u r o r f i v e components b e i n g g e n e r a t e d w i t h i n t h e r e t i n a w i t h 

s u b s e q u e n t components b e i n g g e n e r a t e d in t h e o p t i c n e r v e o r t r a c t s 

and l a t e r components of t h a l a m o - c o r t i c a l o r i g i n . The a u t h o r s a d m i t 

t o t h e f a c t t h a t i n s t e a d of c a t e g o r i s i n g t h e d i f f e r e n t g roup of 

components w i t h i n t h e r e s p o n s e , t h e r e seems t o be c o n s i d e r a b l e 

o v e r l a p p i n g of a c t i v i t y f rom d i f f e r e n t g e n e r a t o r s which summate a t 

t h e s u r f a c e , which would be e x p e c t e d c o n s i d e r i n g t h e d i f f e r e n t 

o r i e n t a t i o n s of t h e numerous d i p o l e s of t h e s p e c i f i c s t r u c t u r e s 

w i t h i n t h e v i s u a l pa thway . 
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But once a g a i n , c l e a r e v i d e n c e f o r t h e l o c a l i s a t i o n o f t h e 

g e n e r a t o r s t h a t g i v e r i s e t o s p e c i f i c components of t h e s h o r t 

l a t e n c y o r o s c i l l a t o r y p o t e n t i a l s in r e s p o n s e t o a f l a s h i n g l i g h t 

s t i m u l u s o r t h e breakdown of c o n t r i b u t i o n s f rom each s e c t i o n of t h e 

pa thway t o s p e c i f i c components of t h e r e s p o n s e evoked i s 

i n c o n c l u s i v e . 

F u r t h e r s t u d i e s in t h e l a t t e r p a r t of 1982 by W h i t t a k e r & S i e g f r i e d 

a t t e m p t e d t o i n v e s t i g a t e t h e h igh f r e q u e n c y end of t h e r e c o r d i n g 

s p e c t r u m of t h e V E P ' s , most of which a p p e a r a t r e l a t i v e l y low 

f r e q u e n c i e s . Th i s i s d e t e r m i n e d by t h e s e l e c t e d s e t t i n g of t h e 

f i l t e r s o r bandwid th of t h e a m p l i f i e r s . In a d d i t i o n , a f u r t h e r 

a t t e m p t a t t o p o g r a p h i c a l l o c a l i s a t i o n o r d i s t r i b u t i o n of ' w a v e l e t s ' 

was p e r f o r m e d t o d e t e r m i n e w h e t h e r any p a r t of t h e e a r l y VEP 

components was p a s s i v e l y c o n d u c t e d f rom t h e r e t i n a , w h e t h e r t h e 

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

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

l a t e n c y p o t e n t i a l s ( i e , w a v e l e t s ) were g e n e r a t e d by d i f f e r e n t 

mechanisms compared w i t h t h e g e n e r a t i o n of t h e PlOO r e s p o n s e . By 

v a r y i n g s t i m u l u s , w a v e l e n g t h and r e t i n a l l uminance and by compar ing 

t h e e f f e c t s of t h e s e s t i m u l u s v a r i a b l e s on l a t e n c i e s of w a v e l e t s of 

t h e ERG w i t h t h e PlOO r e s p o n s e , t h e n t h e evoked p o t e n t i a l s t h a t had 

d i f f e r e n t r e l a t i o n s t o s t i m u l u s v a r i a b l e s would have d i f f e r e n t 

g e n e r a t o r s . The r e s u l t s i n d i c a t e d t h a t t h e evoked ' w a v e l e t s ' o f 

3 0 - 4 0 msec f o l l o w i n g t h e o n s e t of a l i g h t f l a s h s u g g e s t e d t h e 

p o s s i b i l i t y t h a t t h e e a r l i e s t w a v e l e t s were of s u b c o r t i c a l o r 

r e t i n a l o r i g i n . E a r l i e r work by S i e g f r i e d & Lukas (1981) c o n c l u d e d 

t h a t t h e w a v e l e t s o r o s c i l l a t o r y p o t e n t i a l s r e c o r d e d be tween Oz and 

Cz a r e n o t p a s s i v e l y c o n d u c t e d f rom t h e r e t i n a due t o t h e d i f f e r e n c e 

in t h e s p e c t r a l s e n s i t i v i t y of ERG w a v e l e t s and VEP w a v e l e t s . 

W a v e l e t s o c c u r i n g p r i o r t o 70 msec a f t e r f l a s h o n s e t f rom p o s t e r i o r 

r e g i o n s were t h o u g h t t o be g e n e r a t e d f rom t h e o c c i p i t a l p o l e of t h e 

c e r e b r a l c o r t e x r a t h e r t h a n f rom d i f f u s e c o r t i c a l o r s u b c o r t i c a l 

a r e a s . In c o n c l u s i o n , w a v e l e t s r e c o r d e d be tween 35 and 70 msec were 

more l i k e l y t o be g e n e r a t e d f rom o c c i p i t a l c o r t e x r a t h e r t h a n 

r e t i n a l , s u b c o r t i c a l o r d i f f u s e c o r t i c a l s i t e s . 
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More r e c e n t s t u d i e s by S a n a r e l l i , R o s s i n i , R izzo e t a l 1988, 1989; 

u s i n g combined l e n s c o r n e a l , n a s o p h a r y n g e a l and s c a l p e l e c t r o d e s 

( F p z , Fz , Cz, T3, T4, Oz) r e f e r e n c e d t o e i t h e r e a r l o b e o r t o a 

n o n - c e p h a l i c s i t e such as t h e s h o u l d e r o r c e r v i c a l s p i n e seven (CV7) 

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

f l a s h e d s t i m u l i . In t h i s i n v e s t i g a t i o n t h e bandwid th used was 

100-1500 Hz ( - 6 o r - 1 2 d B / o c t a v e r o l l o f f ) . 

The r e s u l t s o b t a i n e d showed t h e l e n s c o r n e a l ERG r e s p o n s e t o have 

t h e same morpho logy and c o n f i g u r a t i o n of components a s t h e 

n a s o p h a r y n g e a l r e c o r d i n g e l e c t r o d e (and Fpz r e f e r e n c e d t o e a r ) , even 

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

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

as a d i p o l e , w i t h t h e p o s i t i v i t y a t t h e a n t e r i o r p o l e o f t h e eye 

t h e n t h e r e s p o n s e s o b t a i n e d s h o u l d be a m i r r o r e d image o f t h e l e n s 

c o r n e a l ERG r e s p o n s e . From t h e work of S a n a r e l l i e t a l ( 1 9 8 8 , 

1 9 8 9 ) , t h i s was n o t d e m o n s t r a t e d . See f i g u r e 2 . 

L a t e n c i e s measured f o r t h e o s c i l l a t o r y waves in t h e ERG, c o r n e a l , 

n a s o p h a r y n g e a l and Fpz e l e c t r o d e s r e f e r e n c e d t o t h e e a r l o b e cou ld be 

g rouped be tween 15 and 45 msec a f t e r t h e f l a s h s t i m u l u s . L a t e n c i e s 

a t p o s t e r i o r l y p l a c e d e l e c t r o d e s t o Cz were between 15 and 40 msec 

a f t e r t h e f l a s h and a t s c a l p l o c a t i o n s beh ind t h e v e r t e x , Cz, t h e 

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

3 5 - 4 5 msec . At t e m p o r a l e l e c t r o d e s , t h e a l t e r n a t i n g w a v e l e t s had an 

i n i t i a l l a t e n c y of 25 msec f o l l o w i n g f l a s h s t i m u l u s . The 

s i m u l t a n e o u s r e c o r d i n g showed a p h a s e r e v e r s a l of t h e r e s p o n s e s 

be tween t h e e l e c t r o d e s Fz and Cz i n d e p e n d e n t of r e f e r e n c e s i t e which 

may s u p p o r t t h e h y p o t h e s i s t h a t p r o p a g a t i o n of t h e i m p u l s e a l o n g t h e 

v a r i o u s s e c t i o n s o f t h e v i s u a l pa thway a r e o r i e n t a t e d i n d i f f e r e n t 

p l a n e s and t h e r e f o r e t h e volume c o n d u c t e d f a r - f i e l d p o t e n t i a l s 

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

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

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

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

s c a l p and f a c i a l a r e a s , I n c l u d i n g p e r i o c u l a r and f r o n t a l r e g i o n s up 

t o t h e s c a l p v e r t e x and t h e i p s i l a t e r a l e a r l o b e (Rush & D r i s c o l l 

1968; Nakamura 1978; Rubenste in & Harding 1981 ) . In a d d i t i o n , the 

o s c i l l a t o r y a c t i v i t y t h a t S a n a r e l l i and c o - w o r k e r s r e c o r d e d a t 

m i d - p o s t e r i o r s i t e s may r e f l e c t s u b c o r t i c a l and c o r t i c a l a c t i v i t y 

but in the p r e s e n c e o f a normal f l a s h ERG i t i s d i f f i c u l t t o d e f i n e 

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

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

Summar is ing t h e e a r l i e r l i t e r a t u r e , f l a s h VEP's p r e s e n t s e v e r a l 

components w i t h d i f f e r e n t l a t e n c i e s . These components have been 

a s s o c i a t e d wi th d i f f e r e n t f u n c t i o n s of t h e v i s u a l sys t em a n d / o r w i th 

d i f f e r e n t l o c a t i o n s w i t h i n the b r a i n . The f l a s h VEP can be 

s e p a r a t e d i n t o t h r e e componen t s ; a 'primary' component ( l a t e n c y 

2 9 + / - 2 msec) w i t h a minimum of i n t e r - i n d i v i d u a l v a r i a b i l i t y ; a 

secondary component ( l a t e n c y approx imate ly 90 msec) which i s more 

v a r i a b l e and a r h y t h m i c a f t e r - d i s c h a r g e wi th enormous v a r i a b i l i t y 

w i t h i n and among s u b j e c t s ( l a t e n c y 135-350 msec, a v e r a g e 250 m s e c ) . 

The p r i m a r y component does n o t change when t h e s u b j e c t i s a l e r t o r 

In the v a r i o u s s t a g e s o f s l e e p and remains p r e s e n t a t high f l a s h 

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

c o r t e x (Brodmann's area 1 7 ) . F igures 3 ( a ) and 3 ( b ) . 

A c o n s i d e r a t i o n when m e a s u r i n g t h e l a t e n c y of components t h a t a r e 

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

p a t h w a y s . In man, most o f t h e o p t i c n e r v e f i b r e s a r e t h i n n e r t h a n 

1 um (Chacko 1 9 4 8 ) . For a m y e l i n a t e d f i b r e w i t h a d i a m e t e r of 1 um, 

t h e p r o p a g a t i o n v e l o c i t y o f n e r v e i m p u l s e s i s a b o u t 6 msec . I f t h e 

t o t a l l e n g t h of t h e d i r e c t pa thway f rom t h e eye t o t h e v i s u a l c o r t e x 

i s a b o u t 20cm, t h e n t h e t i m e between t h e o n s e t o f t h e p h o t o r e c e p t o r 

r e s p o n s e and t h e a r r i v a l o f t h e a f f e r e n t v o l l e y i n a r e a 17 w i l l be 

a b o u t 35 msec ( a d d i n g a few ml I l l - s e c o n d s t o i n c l u d e s y n a p t i c 

d e l a y s ) . Th i s v a l u e o f 35 msec c o r r e s p o n d s t o t h e l a t e n c y o b s e r v e d 

f o r t h e p r i m a r y VEP component , s u g g e s t i n g t h a t t h e s h o r t l a t e n c y 

r e s p o n s e i s g e n e r a t e d in t h e p r i m a r y r e c e i v i n g a r e a of t h e v i s u a l 

r a d i a t i o n f rom the l a t e r a l g e n i c u l a t e n u c l e u s ( C i g a n e k 1961; R e i t s 

1975) . 
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The lateral aspect of the cerebrum. The cortical areas are shown 
according to Brodmann with functional localizations. 
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The medial aspect of the cerebrum. The cortical areas are shown 
according to Brodmann with functional localizations. 
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Recen t s t u d i e s u s i n g d e p t h r e c o r d i n g s have s u g g e s t e d t h a t 

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

r e f l e c t s t h e immedia te r e v e r b e r a t i o n of s u b c o r t i c a l and 

i n t r a c o r t i c a l c i r c u i t s w i t h i n t h e o p t i c r a d i a t i o n s and t h e c a l c a r i n e 

c o r t e x bo th in t h e monkey and in man ( K r a u t e t a l 1985; Fava e t a l 

1 9 8 6 ) . 

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

a p p a r e n t between a u t h o r s i n v e s t i g a t i n g t h e s e low a m p l i t u d e evoked 

r e s p o n s e s . 

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

f rom e l e c t r o d e s p l a c e d on t h e s c a l p i s in no d o u b t b u t t h e 

t o p o g r a p h i c d i s t r i b u t i o n , g e n e r a t o r s i t e s and i m p o r t a n c e of t h e s e 

e a r l y w a v e l e t s , o s c i l l a t o r y o r s h o r t l a t e n c y p o t e n t i a l s i s s t i l l 

d e b a t a b l e . Many of t h e o b s e r v a t i o n s by a u t h o r s a b o u t each o t h e r s 

me thodo logy i s i n t e r e s t i n g and v a r i e d , e s p e c i a l l y a s many of t h e 

v a r i a b l e s such as s t i m u l u s r a t e , w a v e l e n g t h and l u m i n a n c e o r 

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

methods of each i n v e s t i g a t o r w i l l a f f e c t t h e r e s p o n s e s o b t a i n e d f o r 

each e x p e r i m e n t . Had many of t h e a u t h o r s c o n d u c t e d t h e same 

e x p e r i m e n t s a s each o t h e r , a g r e a t e r u n d e r s t a n d i n g of t h e s e e a r l y 

s c a l p r e c o r d e d VEP's would have been o b t a i n e d , hence t h i s s t u d y . 

I n i t i a l l y , a c o m p a r a t i v e s t u d y of Ha rd ing & R u b i n s t e i n ' s work was 

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

was p o s s i b l e t o r e p l i c a t e t h e i r f i n d i n g s and s e c o n d l y by u s i n g LED 

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

bo th in w a v e l e n g t h and i n t e n s i t y , b u t w i t h o u t t h e ' c l i c k ' a r t i f a c t 

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

F u r t h e r work i n v e s t i g a t e d t h e d i f f e r e n c e be tween v a r i o u s w a v e l e n g t h s 

o f l i g h t , i n t e n s i t y , background i l l u m i n a t i o n , p h o t o p i c and s c o t o p i c 

r e s p o n s e s w i t h eyes open o r c l o s e d and t h e s c a l p d i s t r i b u t i o n of t h e 

evoked r e s p o n s e s . In a d d i t i o n , a method o f s e p a r a t i n g t h e e a r l y 

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

' s u b - c o r t i c a l ' components was d e v i s e d . 
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From t h e l i t e r a t u r e , t h e l i g h t f l a s h s t i m u l u s s t i l l has a p l a c e in 

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

p h y s i o l o g i c a l e v e n t . In t h i s s t u d y , t h e o r i g i n of e a r l y s c a l p 

r e c o r d e d VEP in a normal c o n t r o l g roup of v o l u n t e e r s i s i n v e s t i g a t e d 

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

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

changed in o r d e r t o d e t e r m i n e t h e optimum r e c o r d i n g t e c h n i q u e f o r 

e v a l u a t i o n of t h e e a r l y s c a l p r e c o r d e d VEP's and i t s u s e in t h e 

o p h t h a l m o l o g i c a l a rmoury of t h e n e u r o p h y s i o l o g i s t . 
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CHAPTER 2 

ANATOMY AND PHYSIOLOGY OF THE VISUAL PATHWAYS 

In o r d e r t o u n d e r s t a n d t h e p r i n c i p l e of r e c o r d i n g an evoked r e s p o n s e 

t o a s t i m u l u s , w h e t h e r i t i s a v i s u a l , a u d i t o r y o r an e l e c t r i c a l 

s t i m u l i , an u n d e r s t a n d i n g o f t h e anatomy and p h y s i o l o g y of t h e 

p a r t i c u l a r s e n s o r y system under i n v e s t i g a t i o n i s r e q u i r e d . In the 

p r e c e d i n g s e c t i o n s , I have o v e r - s i m p l i f i e d t h e anatomy and 

p h y s i o l o g y of t h e v i s u a l sy s t em and have d w e l t upon t h o s e a r e a s t h a t 

have s i g n i f i c a n t r e l e v a n c e t o t h e evoked r e s p o n s e s o b t a i n e d in t h i s 

s t u d y . Reade r s can f i n d numerous r e f e r e n c e s t o a n a t o m i c a l o r 

p h y s i o l o g i c a l a s p e c t s of t h e v i s u a l sys tem in t h e r e f e r e n c e a p p e n d i x . 

The Eve 

E l e c t r o m a g n e t i c e n e r g y ( l i g h t ) r e f l e c t e d f rom o r p roduced by any 

o b j e c t p a s s e s t h r o u g h t h e t r a n s p a r e n t c o r n e a t h r o u g h t h e medium 

c a l l e d t h e aqueous humour t o t h e l e n s . The t h i c k n e s s of t h e l e n s i s 

c o n t r o l l e d by t h e c i l i a r y m u s c l e s which a c t t o f o c u s t h e image 

s h a r p l y upon t h e r e t i n a . O b j e c t s b r o u g h t i n t o a t t e n t i o n a r e f o c u s e d 

upon a r e g i o n of h igh a c t i v i t y , t h e f o v e a . The f o v e a i s t h e smal l 

d e p r e s s i o n in t h e s u r f a c e of t h e r e t i n a t h a t i s f r e e o f b lood 

v e s s e l s . L i g h t has t o p a s s t h r o u g h t h e l a y e r s of t h e r e t i n a t o 

a c t i v a t e t h e p h o t o r e c e p t o r s , t h e rods and c o n e s . The cones have 

t h e i r h i g h e s t d e n s i t y in t h e r e g i o n of t h e f o v e a c e n t r a l i s w i t h rods 

b e i n g a l m o s t a b s e n t . With i n c r e a s i n g d i s t a n c e f rom t h e f o v e a , t h e 

d e n s i t y o f t h e r o d s i n c r e a s e s whereas t h e d e n s i t y o f t h e cones 

d e c r e a s e s . 
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The R e t i n a 

The r e t i n a i s t h e l i g h t s e n s i t i v e p o r t i o n of t h e eye c o n t a i n i n g 

cones which a r e d i u r n a l and r e s p o n s i b l e f o r c o l o u r v i s i o n and t h e 

rods which a r e m a i n l y r e s p o n s i b l e f o r n o c t u r n a l v i s i o n . In 

a d d i t i o n , t h e r e t i n a c o n t a i n s t h e n e r v e c e l l s of t h e f i r s t and 

second s e n s o r y n e u r o n e s of t h e v i s u a l pa thway which a r e a r r a n g e d 

v e r t i c a l l y in 3 c e l l l a y e r s o f t h e r e t i n a . F i g u r e 4 . 

The o u t e r nuc l ear l a y e r c o n t a i n s the p h o t o r e c e p t o r s , rods and c o n e s ; 

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

t h i r d l y , t h e g a n g l i o n c e l l l a y e r . The axons of t h e r e t i n a l g a n g l i o n 

c e l l s form t h e o p t i c n e r v e b u n d l e and l e a v e t h e eye and t r a v e l t o 

t h e b r a i n . S e p a r a t i n g t h e 3 l a y e r s a r e two s y n a p t i c l a y e r s , t h e 

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

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

i n n e r n u c l e a r l a y e r and t h e g a n g l i o n c e l l l a y e r . In a d d i t i o n t o t h e 

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

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

l o c a t e d in t h e o u t e r and i n n e r p l e x i f o r m l a y e r s r e s p e c t i v e l y . The 

h o r i z o n t a l c e l l s s y n a p s e w i t h o t h e r h o r i z o n t a l c e l l s , b i p o l a r c e l l s 

and p h o t o r e c e p t o r s whe reas t h e a m a c r i n e c e l l s s y n a p s e w i t h o t h e r 

a m a c r i n e c e l l s , b i p o l a r c e l l s and g a n g l i o n c e l l s . 

Th roughou t t h e 3 l a y e r s o f t h e r e t i n a , g l i a l c e l l s known a s M u l l e r 

c e l l s a r e p r o m i n e n t . These c e l l s m a i n t a i n a s t a b l e e n v i r o n m e n t f o r 

t h e o t h e r c e l l s t o f u n c t i o n . The M u l l e r c e l l s a l s o p l a y an 

i m p o r t a n t r o l e in t h e g e n e r a t i o n of t h e e l e c t r o r e t i n o g r a m , ERG, 

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

t h r o u g h o u t t h e r e t i n a . Cones , b i p o l a r and g a n g l i o n c e l l s have t h e i r 

h i g h e s t d e n s i t i e s in t h e f o v e a ! r e g i o n making s y n a p t i c c o n t a c t in a 

r a t i o o f 1 : 1 : 1 , r e s u l t i n g in t h e f o v e a o c c u p y i n g o v e r 60% of t h e 

v i s u a l c o r t e x . T h i s i s known a s t h e c o r t i c a l m a g n i f i c a t i o n f a c t o r . 

In t h e p e r i p h e r a l r e t i n a , t h e o u t p u t s of many rods and some c o n e s , 

c o n v e r g e t o a smal l number of b i p o l a r c e l l s and f i n a l l y t o an even 

s m a l l e r number of g a n g l i o n c e l l s , t h e o u t p u t of which occupy a smal l 

a r e a o f t h e v i s u a l c o r t e x . 
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Two V i s u a l Pathways 

Two v i s u a l pa thways a r e d i s t i n g u i s h e d : The r e t i n o - g e n i c u l o - s t r i a t e 

pa thway and t h e r e t i n o - t e c t a l pa thway . Both pa thways o r i g i n a t e in 

g a n g l i o n c e l l s of t h e r e t i n a whose axons form t h e o p t i c n e r v e t o 

t r a v e l t o the o p t i c chlasma. I t i s a t t h i s j u n c t u r e t h a t h a l f the 

f i b r e s f rom each o p t i c n e r v e c r o s s o v e r t h e m i d l i n e of t h e b r a i n and 

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

n u c l e u s of t h e t h a l a m u s o r t o t h e t e c t u m of t h e m i d b r a i n . 

Axons from the r e t i n a e are d i v i d e d I n t o f i b r e s t h a t o r i g i n a t e from 

e i t h e r s i d e of a v e r t i c a l l i n e t h r o u g h t h e f o v e a . The c r o s s i n g of 

nerve f i b r e s I s not haphazard, the f i b r e s o r i g i n a t i n g from r e t i n a l 

g a n g l i o n c e l l s l o c a t e d in t h e n a s a l h e m i - r e t i n a e c r o s s o v e r t h e 

m i d l i n e whereas t h o s e from t h e t e m p o r a l h e m i - r e t i n a e c o n t i n u e on t h e 

same s i d e of t h e b r a i n . Th i s r e s u l t s in v i s u a l e v e n t s t h a t o c c u r t o 

t h e l e f t of a f i x a t i o n p o i n t a r e r e g i s t e r e d in t h e r i g h t s i d e of t h e 

b r a i n and v i c e v e r s a . F i g u r e 5 . 

The o p t i c t r a c t f i b r e s t e r m i n a t e in two m a j o r s t r u c t u r e s ; in t h e 

l a t e r a l g e n i c u l a t e n u c l e i of t h e t h a l a m u s and in t h e s u p e r i o r 

c o l l i c u l i of t h e t e c t u m . To c o m p l e t e t h e r e t i n o - g e n i c u l o - s t r i a t e 

pa thway , t h e p r i n c i p l e c e l l s o f t h e l a t e r a l g e n i c u l a t e n u c l e u s send 

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

t e r m i n a t e in a r e a 17 of t h e o c c i p i t a l l o b e ( s t r i a t e c o r t e x ) . F i b r e s 

f rom t h e s u p e r i o r col 11 c u i u s t e r m i n a t e in t h e p r e - t e c t a l n u c l e u s and 

t o a s s o c i a t i o n a r e a s o f n e o - c o r t e x l y i n g a round t h e v i s u a l c o r t e x 

a f t e r f i r s t r e l a y i n g in t h a l a m i c n u c l e i such as t h e l a t e r a l 

p o s t e r i o r n u c l e u s . The f u n c t i o n s of t h e two v i s u a l p a t h w a y s , 

a l t h o u g h r e l a t e d t o t h e n e u r o - s e n s o r i u m of v i s i o n , a p p e a r t o be 

d i f f e r e n t . For example , human s u b j e c t s w i th v i s u a l c o r t e x l e s i o n s 

in a r e a 17 of t h e o c c i p i t a l l o b e a r e u n a b l e t o ' s e e ' v i s u a l 

o b j e c t s . They a r e u n a b l e t o d e s c r i b e them, y e t , when a sked t o 

r e p o r t t h e p o s i t i o n of an o b j e c t , t h e y a r e a b l e t o i n d i c a t e i t s 

p o s i t i o n p a r t i c u l a r l y i f t h e o b j e c t i s moving. However, t h e s e 

' b l i n d ' s u b j e c t s a r e adamant t h a t t h e y c a n n o t s e e t h e o b j e c t . 
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FIGURE 5 

A schematic representation of the visual system of the 

human brain. The visual cortices of the left and right 

of the brain are joined by axons passing through the 

corpus callosum. The representation of areas, 17, 18 

and 19 is very much simplified. 
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S i m i l a r l e s i o n s in o t h e r mammals have a n a l o g o u s e f f e c t s . These 

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

b u t t h e y a r e a b l e t o o r i e n t a t e t o w a r d s v i s u a l s t i m u l i . In c o n t r a s t , 

l e s i o n s of t h e s u p e r i o r c o l l i c u i u s in mammals l e a v e them a b l e t o 

perform v i s u a l d i s c r i m i n a t i o n s . This i m p l i e s t h a t the i n t e g r i t y o f 

t h e r e t i n o - g e n i c u l a t e - s t r i a t e pa thway i s n e c e s s a r y f o r an animal t o 

make v i s u a l d i s c r i m i n a t i o n s , whereas t h e r e t i n o - t e c t a l pa thway i s 

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

Throughout t h e v i s u a l pa thway t h e r e i s we l l m a i n t a i n e d s p a t i a l 

o r g a n i s a t i o n a l h e l r a c h y from r e t i n a t o v i s u a l c o r t e x which a l l o w s 

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

t h e c o r t i c a l n e u r o n s t o be r e c o r d e d f rom a p a r t i c u l a r and o f t e n 

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

Th i s o r g a n i s a t i o n w i t h i n t h e s e n s o r y pa thway i s n o t o n l y d e p e n d e n t 

of a n a t o m i c a l c o n t a c t be tween d i f f e r e n t p a r t s of t h e pa thway b u t 

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

w i t h i n t h e r e t i n a , l a t e r a l g e n i c u l a t e n u c l e u s and v i s u a l c o r t e x as 

we l l as t o t h e t y p e of s t i m u l u s used t o e l l i c i t t h e evoked r e s p o n s e . 

Wi th in t h e v i s u a l pa thway , t o p o g r a p h i c r e p r e s e n t a t i o n due t o 

n e u r o n a l c o n v e r g e n c e i s m a i n t a i n e d by t h e i n p u t f rom p h o t o r e c e p t o r s , 

r ods and c o n e s , t o r e t i n a l g a n g l i o n c e l l axons t e r m i n a t i n g upon 

l a t e r a l g e n i c u l a t e n u c l e u s c e l l s , which in t u r n p r o j e c t t h e i r axons 

t o d i s c r e t e r e g i o n s of c o r t i c a l columns c o n t a i n i n g t h e c o r t i c a l 

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

For example , t h e p h o t o r e c e p t o r s in t h e r e t i n a r e s p o n d b e s t t o a 

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

r e spond b e s t t o a smal l s p o t o r na r row b a r of l i g h t . T h i s i s in 

compar i son t o t h e complex and hypercomplex c e l l s of t h e s t r i a t e 

v i s u a l c o r t e x which r e s p o n d b e s t t o a b a r , l i n e o r edge t h a t s t o p s 

o r t o a c o r n e r o r a n g l e s t i m u l u s (Hubel & Wiesel 1 9 6 2 ) . Hence, in 

human evoked p o t e n t i a l s t u d i e s t o v i s u a l s t i m u l i , t h e b e s t s t i m u l u s 

t o evoke a r e s p o n s e f rom c o r t i c a l c e l l s i s a c h e q u e r boa rd p a t t e r n 

of a l t e r n a t e l i g h t and d a r k s q u a r e s . 
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R e v e r s a l of t h e p a t t e r n so t h a t t h e l i g h t s q u a r e becomes d a r k and 

v i c e v e r s a evoked q u i t e l a r g e p o t e n t i a l s even though t h e l i g h t 

e n e r g y f a l l i n g on t h e r e t i n a r e m a i n s t h e same. The s t i m u l u s t o 

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

s o u r c e whe reas t h e b e s t s t i m u l u s f o r e v o k i n g a r e s p o n s e f rom l a t e r a l 

g e n i c u l a t e c e l l s a r e c i r c u l a r a r e a s of l i g h t and s h a d e . In t h i s 

i n v e s t i g a t i o n , a b r i g h t l i g h t s o u r c e i s used as t h e s t i m u l u s in 

o r d e r t o h e l p d i f f e r e n t i a t e between t h e e l e c t r o - r e t i n o g r a m p roduced 

by t h e r e t i n a and t h e e a r l y evoked p o t e n t i a l s , s u b c o r t i c a l o r 

c o r t i c a l . 

V i s u a l Areas 

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

t h e o c c i p i t a l l o b e . The P r i m a r y V i s u a l Area o r S t r i a t e C o r t e x 

(Area 17) i s s i t u a t e d a round t h e c a l c a r i n e f i s s u r e on t h e media l 

a s p e c t of each h e m i s p h e r e . The Second and T h i r d V i s u a l Areas o r 

P r e - S t r i a t e Cortex (Area 18 and 19) surround area 17 in c o n c e n t r i c 

f a s h i o n and i n c l u d e l a r g e a r e a s of t h e o c c i p i t a l l o b e . Area 19 a l s o 

e n c r o a c h e s on t h e t e m p o r o - p a r i e t a l c o r t e x . All 3 v i s u a l a r e a s 

r e c e i v e f i b r e s f rom t h e l a t e r a l g e n i c u l a t e body and a r e a 17 p r o j e c t s 

f i b r e s t o a r e a 18 which in t u r n a c t i v a t e s a r e a 19. Evoked 

p o t e n t i a l s can be g e n e r a t e d in t h e 3 v i s u a l a r e a s by p u l s e s of l i g h t 

r e c o r d e d t h r o u g h t h e human s c a l p which w i l l be d e m o n s t r a t e d in t h i s 

s t u d y . 
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The Evoked P o t e n t i a l 

An Evoked P o t e n t i a l i s an e l e c t r i c a l r e s p o n s e t o a p a r t i c u l a r 

s e n s o r y s t i m u l u s which can be in t h e form of e i t h e r v i s u a l , a u d i t o r y 

o r s o m a t o s e n s o r y . The Evoked P o t e n t i a l i s u s u a l l y of t h e o r d e r of a 

few m i c r o v o l t s in ampl i tude (5-20uV) and I s u s u a l l y mixed up with 

the spontaneous e l e c t r i c a l a c t i v i t y o f the b r a i n , the EEC, which I s 

assumed t o be random. The EEC a c t i v i t y has a l a r g e r a m p l i t u d e 

(20-200uV) t h a n t h e Evoked P o t e n t i a l and t h e r e f o r e some method of 

s i g n a l e x t r a c t i o n I s n e c e s s a r y . The p r o c e s s o f S ignal Averaging Is 

used in which t o i s o l a t e an Evoked P o t e n t i a l . A r e p e t i t i v e 

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

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

s t i m u l u s . The i n d i v i d u a l r e s p o n s e s a r e l o s t in t h e random ' n o i s e ' 

o f t h e EEC and in t h e o t h e r b i o l o g i c a l and n o n - b i o l o g i c a l a r t i f a c t s 

encountered during r e c o r d i n g , such as muscle p o t e n t i a l s and 50 Hz 

mains i n t e r f e r e n c e . However, s u p e r i m p o s i t i o n t e c h n i q u e s r e v e a l 

p o t e n t i a l changes which a r e t i m e - l o c k e d t o t h e s t i m u l u s - t h e Evoked 

P o t e n t i a l (Dawson 1 9 5 4 ) . By t h e use of a v e r a g e r s , t h e s i g n a l 

enhancement o r n o i s e r e d u c t i o n i s a c h i e v e d which i n c r e a s e s t h e 

a m p l i t u d e of t h e s i g n a l r e l a t i v e t o the n o i s e . Th i s i s known as t h e 

s i g n a l t o n o i s e r a t i o . 

In t h i s t e c h n i q u e t h e a n a l o g u e s i g n a l i s d i g i t i s e d and s t o r e d in an 

a d d r e s s in t h e a v e r a g e r . Each i n d i v i d u a l p r e s e n t a t i o n o f t h e 

s t i m u l u s t r i g g e r s the a v e r a g e r , and the EEC a c t i v i t y t o g e t h e r with 

t h e ' h i d d e n ' evoked p o t e n t i a l a r e added t o g e t h e r t o g i v e t h e sum of 

t h e i n d i v i d u a l t r i a l s . To o b t a i n t h e ' a v e r a g e d ' evoked p o t e n t i a l , 

t h e sum of t h e t r i a l s i s d i v i d e d by t h e number of sweeps o r r u n s . 

The d i g i t a l s i g n a l can t h e n be c o n v e r t e d back i n t o an a n a l o g u e form 

t o be d i s p l a y e d f o r a n a l y s i s . By a v e r a g i n g a l a r g e number of 

t r i a l s , t h e s i g n a l t o n o i s e r a t i o i s improved by a f a c t o r of 7 1 , i e , 

t h e a v e r a g e of t h e background a c t i v i t y has d e c r e a s e d by a f a c t o r of 

yif and t h e evoked p o t e n t i a l i s d i s c r i m i n a t e d f rom t h e d e c r e a s e d 

background n o i s e . The use o f a v e r a g i n g e l i m i n a t e s t h e random 

background ' n o i s e ' . As t h e number of r e p e t i t i o n s i n c r e a s e s t h e 

e f f e c t i v e a m p l i t u d e of t h e background a c t i v i t y d e c r e a s e s l e a v i n g a 

r e p r o d u c i b l e neural r e s p o n s e . 
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The ' a v e r a g e d ' evoked p o t e n t i a l i s t h o u g h t t o be t h e r e s u l t o f 

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

a c t i o n p o t e n t i a l s . The r e c o r d i n g of EP ' s a l l o w s a n o n - i n v a s i v e t e s t 

of t h e s e n s o r y pa thways of t h e n e r v o u s sys tem f rom t h e r e c e p t o r v i a 

t h e a f f e r e n t pa thways t o t h e a p p r o p r i a t e s e n s o r y c o r t e x . 

Evoked p o t e n t i a l s recorded from the s u r f a c e o f the head or body are 

volume c o n d u c t e d and can be d i v i d e d i n t o two t y p e s 

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

b) f a r f i e l d , r e c o r d e d f a r f rom t h e g e n e r a t o r 

The ampl i tude o f an EP d e c r e a s e s r a p i d l y with I n c r e a s i n g d i s t a n c e 

from the g e n e r a t o r but then l e v e l s o f f ( s e e f i g u r e 6 ) . Anatomical 

s t u d i e s s u g g e s t t h a t a f f e r e n t i n p u t t o a g roup of n e u r o n e s f rom a 

p a r t i c u l a r s o u r c e u s u a l l y makes s y n a p t i c c o n t a c t on t h e d e n d r i t e s o r 

on t h e soma o f t h e n e u r o n e s . The a f f e r a n t s a r e f rom t h e t h a l a m i c 

r e l a y n u c l e u s which t e r m i n a t e d i r e c t l y o r v i a s t e l l a t e i n t e r n e u r o n s 

on o r n e a r py ramida l c e l l s . The d e - p o l a r i s a t i o n by e x c i t a t o r y 

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

S l i g h t l y l a t e r d e - p o l a r i s a t i o n of a p i c a l d e n d r i t e s by e x c i t a t o r y 

I m p u l s e s a c t i v a t i n g t h e a x o d e n d r i t i c s y n a p s e s o r by e l e c t r o t o n i c 

i n v a s i o n f rom t h e c e l l body evokes a s u r f a c e n e g a t i v e p o t e n t i a l . 

Benea th t h e c o r t e x , a p o t e n t i a l of s i m i l a r waveform b u t o p p o s i t e in 

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

d i f f e r e n t i a t i o n most n e u r o n s p r o b a b l y g e n e r a t e bo th p o t e n t i a l s 

s e q u e n t i a l l y . H y p e r p o l a r i s a t i o n o f t h e c e l l body o r d e n d r i t e s by 

i n h i b i t o r y s y n a p t i c a c t i o n would evoke s u r f a c e n e g a t i v e and p o s i t i v e 

p o t e n t i a l s r e s p e c t i v e l y . 

O t h e r n e u r a l e l e m e n t s a r e a l s o a c t i v a t e d by an a f f e r e n t v o l l e y , eg 

s t e l l a t e c e l l s and b a s a l d e n d r i t e s of py ramida l c e l l s , b u t due t o 

t h e i r random o r i e n t a t i o n , t h e p o t e n t i a l f i e l d p roduced by t h a t 

a c t i v a t i o n i s m i n i m i s e d . 
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The s p a t i a l o r i e n t a t i o n of n e r v e c e l l s o r c e l l g roups and t h e 

t empora l p a t t e r n of s y n a p t i c a c t i v a t i o n of t h e n e r v e c e l l s o r c e l l 

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

p o t e n t i a l s can be r e c o r d e d a t a l a r g e d i s t a n c e ( f a r f i e l d ) f rom t h e 

a c t i v e c e l l s (Lorente de Ncu 1 9 4 7 ) . In a d d i t i o n , f o r the EP t o be 

recorded t o a synchronous a f f e r e n t v o l l e y a l l the c e l l s or group o f 

c e l l s would need t o be d e - p o l a r i s e d s i m u l t a n e o u s l y . Th i s would 

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

same d i r e c t i o n and would t h e r e f o r e summate g i v i n g r i s e t o t h e evoked 

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

a r e a l l p h y s i c a l l y o r i e n t a t e d in t h e same p a r a l l e l p l a n e known as an 

'open f i e l d ' ( s e e f i g u r e 7 ) . The c l o s e d f i e l d model o f c e l l s , 1e 

c e l l s o r i e n t a t e d in d i f f e r e n t p l a n e s such as s t e l l a t e c e l l s and t h e 

basal d e n d r i t e s o f pyramidal c e l l s w i l l r e s u l t In the p o t e n t i a l 

f i e l d s o f each c e l l c a n c e l l i n g the p o t e n t i a l f i e l d o f o t h e r c e l l s . 

The net r e s u l t I s t h a t no EP 1s recorded (Bishop & Clare 1952; 

Landau & Clare 1956; Towe 1966 ) . 

The a m p l i t u d e o f t h e e a r l y v i s u a l evoked p o t e n t i a l s and t h e 

d i s t r i b u t i o n o f t h e waveforms f rom p r e v i o u s worke r s i n v e s t i g a t i o n s 

I n d i c a t e t h a t t h e s e p o t e n t i a l s are f a r f i e l d p o t e n t i a l s recorded a t 

a d i s t a n c e f rom t h e g e n e r a t o r ( s ) . 

The E l e c t r o - r e t i n o a r a m 

The ERG i s t h e e l e c t r i c a l r e s p o n s e of t h e r e t i n a evoked by a f l a s h 

o f l i g h t and p i c k e d up a t a d i s t a n c e , i e c o r n e a o r lower e y e l i d . 

The ERG c o n s i s t s o f a s e r i e s of waves , t h e a - w a v e , b-wave and 

c - w a v e . The two most i m p o r t a n t a r e t h e a -wave ( P H I ) and t h e b-wave 

( P I I ) ( G r a n i t 1 9 3 3 ) . The f o r m e r wave i s g e n e r a t e d e x t r a c e l l u l a r l y 

a l o n g a r a d i a l p a t h f rom t h e c e l l body of t h e p h o t o r e c e p t o r s i n t o 

t h e membrane of t h e o u t e r s e g m e n t s . The a-wave has two components -

a l and a2 r e p r e s e n t i n g a c t i v i t y of cones and r o d s r e s p e c t i v e l y . The 

b-wave i s g e n e r a t e d by t h e c e l l s o f t h e i n n e r n u c l e a r l a y e r 

e s p e c i a l l y t h e b i p o l a r c e l l s and t h e M u l l e r g l i a l c e l l s . The c-wave 

( P I ) i s t h e e x t r a - c e l l u l a r c u r r e n t a r i s i n g f rom h y p e r p o l a r i s a t i o n of 

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

in e x t r a c e l l u l a r p o t a s s i u m i o n s in t h e r e g i o n of t h e i n n e r segment 

of t h e p h o t o r e c e p t o r l a y e r . 
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The i n t e g r i t y of t h e p igmen t e p i t h e l i u m and p h o t o r e c e p t o r s i s an 

e s s e n t i a l f a c t o r f o r t h e g e n e r a t i o n of t h e c - w a v e . In a d d i t i o n , 

t h e r e a r e ERG o s c i l l a t o r y p o t e n t i a l s which a r e g e n e r a t e d by t h e 

membranes of t h e i n n e r p l e x i f o r m l a y e r o f t h e r e t i n a i n v o l v i n g t h e 

axon t e r m i n a l s of t h e b i p o l a r c e l l s , t h e p r o c e s s e s of t h e a m a c r i n e 

c e l l s and t h e d e n d r i t e s o f t h e g a n g l i o n c e l l s . The normal r a n g e f o r 

a p h o t o p i c ( l i g h t adapted e y e ) I s 75-150uV ( m i c r o v o l t s ) In response 

t o a b r i g h t f l a s h of l i g h t f rom a s t r o b o s c o p e . The normal s c o t o p i c 

ERG (dark adapted e y e ) In r e s p o n s e t o the same f l a s h I n t e n s i t y w i l l 

r e s u l t i n t h e b-wave of t h e ERG b e i n g a t l e a s t d o u b l e t h e a m p l i t u d e 

o f the b-wave ampl i tude In the p h o t o p i c ERG (150-300uV) , (Gal loway, 

1975 ) . 
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V i s u a l S u b c o r t i c a l / C o r t i c a l Evoked P o t e n t i a l s 

The VEP can be d i v i d e d i n t o a P r i m a r y r e s p o n s e , S e c o n d a r y r e s p o n s e 

and Rhythmic A f t e r D i scharge (Ciganek 1960) ( s e e f i g u r e 8 ) . 

1. Primary r e s p o n s e - ( 0 - 9 0 msec) Waves I - I I I . This i n c l u d e s the 

a c t i v i t y g e n e r a t e d by the primary v i s u a l c o r t e x ( a r e a 17) by a 

s t i m u l u s f o l l o w i n g a s p e c i f i c pathway. The P35 wave ( I ) 

probably r e p r e s e n t s t h e primary c o r t i c a l p o s i t i v i t y . 

In a d d i t i o n , e a r l y v i s u a l o s c i l l a t o r y p o t e n t i a l s can be 

r e c o r d e d from wide a r e a s of t h e s c a l p t o a v i s u a l s t i m u l u s . 

These o s c i l l a t o r y p o t e n t i a l s have been d e s i g n a t e d N14, P18, 

N21, P24, N28, P33, N36, P39 (Craco & Cracco 1978 ) . These 

p o t e n t i a l s a r e b e l i e v e d t o o r i g i n a t e f rom s t r u c t u r e s such as 

the o p t i c nerve and o p t i c t r a c t (Doty & Kimura 1963) and /or 

p o s t - c h i a s m a l a r e a s such as tha lamic or o p t i c r a d i a t i o n 

( H a r d i n g & R u b i n s t e i n 1 9 8 2 ) . These authors r e c o r d e d t h e v i s u a l 

s u b c o r t i c a l evoked p o t e n t i a l c o n s i s t i n g o f components P21, N29 

and P34 complex p o s s i b l y of s u p e r i o r col 11 c u i u s or l a t e r a l 

g e n i c u l a t e n u c l e u s o r i g i n . 

The r e t i n a l e l e c t r i c a l a c t i v i t y (ERG) can a l s o be r e c o r d e d a l l 

o v e r t h e head d u r i n g t h i s t i m e p e r i o d . The e a r l y v i s u a l 

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

p o s s i b l y be r e l a t e d t o ERG o s c i l l a t o r y p o t e n t i a l s (Ogden 1 9 7 3 ) . 

2 . S e c o n d a r y r e s p o n s e - ( 9 0 - 2 4 0 msec) Waves I V - V I I I . Th i s 

r e s p o n s e c o u l d be t h e r e s u l t o f f u r t h e r p r o c e s s i n g by t h e 

p r i m a r y v i s u a l c o r t e x o r p roduced by n o n - s p e c i f i c d i f f u s e 

pathways (Ciganek 1960) o r by c o r t i c o t h a l a m o - c o r t i c o 

r e v e r b e r a t i n g c i r c u i t s (Hubel & Wiesel 1 9 7 1 ) . 

3 . Rhythmic A f t e r D i s c h a r g e - ( 2 4 0 - 1 3 4 0 m s e c ) . Th i s i s r e l a t e d t o 

t h e Alpha rhythm and i s v a r i a b l e and d e p e n d a n t on l e v e l s of 

p s y c h o l o g i c a l a w a r e n e s s . 
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CHAPTER 3 

EXPERIMENTAL METHOD/TECHNIOUE/RESULTS 

Equipment 

N i c o l e t P a t h f i n d e r I I ( S t i m u l a t o r and A v e r a g e r ) 

T e c h n i c a l S p e c i f i c a t i o n 

Amp1i f i e r 

B u i l t i n N i c o l e t SM200 b i o l o g i c a l a m p l i f i e r w i t h an i n p u t impedance 

of 10 megohms minimum ( lOMi l ) and a common mode r e j e c t i o n (CMR) 

g r e a t e r than 90 dB a t a f r e q u e n c y o f 60 Hz. The a m p l i f i e r n o i s e 

l e v e l was l e s s t h a n luV r . m . s . 

Sens i t i vi t v 

Th i s was s e t t o 100 o r 200 uV ( f u l l s c a l e d e f l e c t i o n ) g i v i n g an 

a m p l i f i c a t i o n o f xlOO.OOO or xSO.OOO r e s p e c t i v e l y . The d i s p l a y e d 

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

c o n t r o l . R e l a t i v e n e g a t i v i t y of t h e a c t i v e e l e c t r o d e was d e n o t e d by 

an upward d e f l e c t i o n . 

F i 1 t e r s 

Ana logue f i l t e r s were used w i t h a b a n d p a s s of 5Hz-1500 Hz ( -3dB) and 

a r o l l o f f of 1 2 d B / o c t a v e . The e f f e c t of c h a n g i n g t h e uppe r and 

lower f r e q u e n c y l i m i t s on t h e evoked p o t e n t i a l i s r e p o r t e d as 

s e l e c t i v e l y c h a n g i n g t h e f i l t e r s and can be used t o s e p a r a t e and 

h i g h l i g h t d i f f e r e n t components o f t h e evoked p o t e n t i a l . 

A v e r a g i n g 

The a v e r a g e r i n c o r p o r a t e d in t h e P a t h f i n d e r i s a N i c o l e t 1280 

p r o c e s s o r which p r o v i d e s an 8 b i t s 'word l e n g t h ' f o r t h e Ana logue 

D i g i t a l C o n v e r t o r (ADC) and a l l o w s i n p u t v o l t a g e o v e r a r a n g e o f 10 

v o l t s so t h e e f f e c t i v e r e s o l u t i o n of t h e ADC i s 10/2® = 39mV p e r 

l e v e l . 
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This means t h a t t h e peak a m p l i t u d e of t h e s i g n a l has t o be l a r g e r 

t h a n 0 .39uV ( a s s u m i n g an a m p l i f i c a t i o n f a c t o r of 100 ,000 t i m e s ) f o r 

i t t o be recorded f a i t h f u l l y ( P i c t o n e t al 1 9 8 4 ) , a l though a s m a l l e r 

s i g n a l c o u l d s t i l l be d e t e c t e d by l o n g e r a v e r a g i n g ( P i c t o n & Hink 

1984) . An a n a l y s i s t i m e of 120-150 msec a f t e r 10% p o s t s t i m u l u s 

d e l a y was u s e d . The number of s a m p l i n g p o i n t s was 512 g i v i n g a 

s ampl ing r a t e of a p p r o x i m a t e l y 4 2 6 6 . 6 - 3 4 1 3 . 3 p o i n t s p e r second 

r e s p e c t i v e l y . The sampling f requency was s e t t o the h i g h e s t 

p o s s i b l e r a t e t h a t would a v o i d a l i a s i n g e r r o r s wh ich , in t h e o r y , 

shou ld be t w i c e t h e h i g h e s t f r e q u e n c y p r e s e n t in t h e s i g n a l , 

a c c o r d i n g t o t h e N y q u i s t r a t e . The N y q u i s t r a t e r e p r e s e n t s t h e 

t h e o r e t i c a l minimum v a l u e f o r t h e sample r a t e . In p r a c t i c e t h e 

sampling r a t e should be h i g h e r , p r e f e r a b l y 4 - 5 t imes the h i g h e s t 

f r e q u e n c y p r e s e n t in t h e s i g n a l . Th i s o v e r s a m p l i n g r e d u c e s e r r o r s 

p roduced by t h e ADC and a l i a s i n g . Each t r i a l c o n s i s t e d of between 

200-500 sweeps , dependant on the p h y s i c a l and mental s t a t e o f the 

v o l u n t e e r s , r e p e a t e d t w i c e and in some i n s t a n c e s more t han t w i c e t o 

e n s u r e c o n s t a n c y of t h e r e s p o n s e . In some c a s e s i t was n e c e s s a r y t o 

a c c u m u l a t e more t h a n 500 sweeps in o r d e r t o improve t h e s i g n a l t o 

n o i s e r a t i o . A u t o m a t i c a r t i f a c t r e j e c t i o n was a lways employed . 

Th i s e n s u r e d t h a t a g i v e n r e s p o n s e would be r e j e c t e d i f any d a t a 

p o i n t beyond the f i r s t 10% o f the sweep t ime exceeded 96% o f the 

Input s e n s i t i v i t y o f the a m p l i f i e r . This reduced the contaminat ion 

of t h e evoked r e s p o n s e by p h y s i o l o g i c a l a r t i f a c t s such as eye 

movements , b l i n k a r t i f a c t s o r h igh f r e q u e n c y musc l e p o t e n t i a l s . The 

raw EEC a c t i v i t y was monitored c o n t i n u o u s l y t h r o u g h o u t t h e r e c o r d i n g 

p r o c e d u r e u s i n g a s e p a r a t e o s c i l l o s c o p e . Th i s was n e c e s s a r y t o 

o b s e r v e t h e q u a l i t y o f t h e raw EEC s i g n a l and t o i d e n t i f y p o t e n t i a l 

e l e c t r i c a l o r p h y s i o l o g i c a l a r t i f a c t s . 

A H e w l e t t Packa rd XY P l o t t e r was used t o p r o d u c e h a r d c o p y o f t h e 

evoked p o t e n t i a l s a c q u i r e d in t h i s s t u d y . 
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A d d i t i o n a l i t e m s r e q u i r e d f o r t h i s i n v e s t i g a t i o n : -

N i c o l e t G a n z f e l d : S p e c i f i c a t i o n s -

Sphere I n t e r i o r : 18" I n t e r i o r d iameter coated with Eastman Kodak 

6080 r e f l e c t a n c e p a i n t 

Strobe : Xenon Linear Flash Tube with g l a s s f i l t e r s t o absorb 

u l t r a v i o l e t and i n f r a - r e d r a d i a t i o n . 

Strobe I n t e n s i t i e s : Range - from 0 . 2 5 t o 1 . 5 s e l e c t a b l e in 0 . 2 5 log 

u n i t s t e p s . Remote f i l t e r s e l e c t i o n a l l o w s s t r o b e o u t p u t t o be 

v a r i e d o v e r 5 l og u n i t s . 

Strobe F i l t e r s : 2" x 3" Kodak Wratten f i l t e r s , Nos 26 , 47 , 47A, 47B 

( s e e f i g u r e 9 f o r S trobe Output S p e c t r a ) . 

S t r o b e F l a s h Rate : E x t e r n a l l y c o n t r o l l e d from 0 . 1 - 3 5 Hz d e p e n d i n g 

on i n t e n s i t y s e t t i n g . 

Background Light : DC o p e r a t e d lamp with i n t e n s i t y s e l e c t e d from 1. 

2 , 5 , 10, 15, 20 , 25 and 30 f o o t l a m b e r t s . 

S t r o b e C u t o u t L iminance 

R e l a t i v e Engl i sh SI 

( l o g ) ( f t - l s ) * (cd m-2S)** 

0 . 2 5 0 . 2 4 0 .81 

0 . 5 0 0 . 3 6 1 . 2 2 

0 . 7 5 0 . 6 2 2 .11 

1 . 0 0 1 . 1 5 3 . 9 3 

1 . 2 5 1 . 8 6 6 . 3 6 

1 . 5 0 2 . 9 2 1 0 . 0 2 

* F o o t l a m b e r t s e c o n d s 

** C a n d e l a p e r s q u a r e m e t r e s e c o n d s 
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Strobe Output Spectra 
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N i c o l e t L .E .D. Goggles 640 - 655nm : I n t e n s i t y TOO - 600 mcd 

S i l v e r / S i l v e r C h l o r i d e (Ag/Ag CI) e l e c t r o d e s 

F l e x i b l e c o l l o d i o n 

S a l i n e e l e c t r o d e ge l ( D r a c a r d ) 

S y r i n g e s and S e r r a t e d b l u n t n e e d l e s 

Data d i s k s 

Tape measure 

A i r c o m p r e s s o r 

Ch inag raph (wax) p e n c i l 

P l o t t i n g p a p e r 

Swabs 

Ace tone 

M e t h y l a t e d s p i r i t 

C o t t o n buds 

Skin p u r e ( a b r a s i v e p a s t e ) 

M i c r o p o r e a d h e s i v e t a p e 

Blenderm a d h e s i v e t a p e 

Eye p a t c h ( b l a c k ) 
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Method 

The examinat ion was c a r r i e d ou t in a dimly l i t room with the s u b j e c t 

s u p i n e in a r e c l i n i n g c h a i r . S i l v e r / S i l v e r C h l o r i d e (Ag/Ag CI) 

n o n - p o l a r i s a b l e e l e c t r o d e s were a t t a c h e d t o the s c a l p of t h e 

v o l u n t e e r u s i n g f l e x i b l e c o l l o d i o n a t t h e e l e c t r o d e p o s i t i o n s 01 , 

0 2 , C3, C4, Cz, A1, A2, T 3 . 5 , T 4 . 5 and Fz ( s e e f i g u r e s 10 and 11) 

a c c o r d i n g t o t h e i n t e r n a t i o n a l 10-20 sys tem of e l e c t r o d e p l a c e m e n t 

( J a s p e r 1958 ) . Be fore the e l e c t r o d e s were a p p l i e d , the head o f 

s u b j e c t was measured t o d e t e r m i n e t h e e l e c t r o d e p o s i t i o n s of t h e 

10-20 sys tem. The e l e c t r o d e s T3.5 and T4.5 were p laced h a l f way 

between 13 and T5 and 14 and 16 r e s p e c t i v e l y of t h e 10-20 sy s tem. 

The e l e c t r o d e s i t e i s prepared u s i n g an a b r a s i v e cream which removes 

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

impedances . The e l e c t r o d e s are then a p p l i e d and f i x e d in p o s i t i o n 

by u s i n g f l e x i b l e c o l l o d i o n which i s d r i e d u s i n g a c o l d j e t of a i r 

f rom an a i r c o m p r e s s o r . S a l i n e ( i s o t o n i c ) ge l i s i n j e c t e d i n t o t h e 

cup of t h e e l e c t r o d e t h r o u g h an a p e r t u r e on t h e dome of t h e 

e l e c t r o d e . The s a l i n e ge l forms an e l e c t r i c a l double l a y e r between 

t h e i o n s of t h e e l e c t r o d e (Ag/Ag CI) and t h e i o n s (Na+ C1-) in t h e 

s a l i n e g e l . The ge l i s t h e ' b r i d g e ' between t h e e l e c t r i c a l rhythms 

g e n e r a t e d f rom t h e n e r v o u s s y s t e m and t h e r e c o r d i n g d e v i c e . For 

good r e s u l t s , the e l e c t r o d e - s c a l p I n t e r f a c e should be made as s t a b l e 

as p o s s i b l e . The e l e c t r o d e Impedances were reduced and e q u a l i s e d t o 

below 5 k i l o -ohms - t h i s i s n e c e s s a r y t o Improve the common mode 

r e j e c t i o n r a t i o and s i g n a l t o n o i s e r a t i o of t h e a m p l i f i e r s . 

C o n n e c t i n g t h e e l e c t r o d e s t o t h e P a t h f i n d e r a l l o w e d t h e raw EEC f rom 

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

was s t a r t e d . 

The e l e c t r o d e s used f o r r e c o r d i n g t h e ERG were S i l v e r / S i l v e r 

C h l o r i d e e l e c t r o d e s a t t a c h e d t o t h e r i g h t and l e f t lower e y e l i d s 

w i t h Blenderm o r M i c r o p o r e a d h e s i v e t a p e . The s k i n o f t h e lower 

e y e l i d was s l i g h t l y a b r a d e d u s i n g Skin Pure a b r a s i v e p a s t e and 

i s o t o n i c s a l i n e ge l a s t h e c o n d u c t i n g medium. Again t h e impedances 

were measured and i f n e c e s s a r y f u r t h e r r e d u c e d u n t i l t h e Impedance 

v a l u e was 5 k i l o - o h m s o r be low. 
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Lateral view, showing measurements 

in the midsagittal plane. C Is placed at 

50% of the nasion in ion distance, F, P, 

Fp, and 0 are placed at 20% intervals. 

NASIO^ 

IN ION 

J 

NASION 

Frontal view, showing measurements 

in the central coronal plane, w i t h elec-

trodes at 20% intervals of distance 

between the left and r ight preauricular 

points. 

FIGURE 10 

ELECTRODE PLACEMENTS IN THE 'TEN TWENTY' ELECTRODE SYSTEM 

C = Central 
F = Frontal 
Fp - Frontal Pole 

0 = Occipital 

P = Parietal 
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FIGURE 11 

ELECTRODE PLACEMENTS IN THE '10-20' ELECTRODE SYSTEM 
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S i l v e r / S i l v e r C h l o r i d e d i s c e l e c t r o d e s were chosen f o r t h i s s t u d y as 

opposed t o more c o n v e n t i o n a l c o r n e a l ERG e l e c t r o d e s l i k e g o l d f o i l 

or DTL carbon f i b r e e l e c t r o d e s because o f the extended d u r a t i o n o f 

t h e e x a m i n a t i o n o f t h e e x p e r i m e n t . Even w i t h a n a e s t h e t i c eye d r o p s , 

movement of t h e go ld f o i l o r DTL f i b r e e l e c t r o d e s i s more e v i d e n t 

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

s k i n a p p l i e d e l e c t r o d e s compared t o c o r n e a l e l e c t r o d e s i s when 

measuring ampl i tude o f the ERG and in i d e n t i f y i n g the o s c i l l a t o r y 

p o t e n t i a l s . From t h i s s t u d y , t h e r e s u l t s of r e c o r d i n g t h e ERG wi th 

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

e l e c t r o d e s e x c e p t f o r ampl i tude comparison. O s c i l l a t o r y p o t e n t i a l s 

of t h e ERG c o u l d e a s i l y be i d e n t i f i e d w i t h bo th m e t h o d s . 

S i l v e r / S i l v e r C h l o r i d e s k i n e l e c t r o d e s a r e e a s i e r t o a p p l y and can 

be r o u t i n e l y used In neonates or c h i l d r e n w i t h o u t d i s c o m f o r t . In 

a d d i t i o n , t h e s t e r i l i s i n g of S i l v e r / S i l v e r C h l o r i d e e l e c t r o d e s does 

n o t have t o be a s s t r i n g e n t a s w i t h c o r n e a l e l e c t r o d e s . 

F u r t h e r m o r e , p r i c e i s a l s o a p r ime c o n s i d e r a t i o n when u s i n g go ld 

f o i l o v e r S i l v e r / S i l v e r C h l o r i d e e l e c t r o d e s , t h e l a t t e r b e i n g l e s s 

e x p e n s i v e and g e n e r a l l y have a l o n g e r r e c o r d i n g l i f e . The s t i m u l u s 

used In the f i r s t par t o f the s tudy was a f l a s h o f l i g h t from a p a i r 

of g o g g l e s c o n s i s t i n g o f an L .E .D. d i s p l a y a r r a n g e d in a c h e q u e r 

board p a t t e r n ( 5 x 3 L . E . D . ' s ) and g i v i n g a f l a s h of 5 msec d u r a t i o n 

a t a r e p e t i t i o n r a t e of 4 . 7 f l a s h e s p e r s e c o n d . The r e a s o n f o r 

u s i n g t h e L .E .D. g o g g l e s was f i r s t l y t o s e e i f t h e ' s u b - c o r t i c a l 

r e s p o n s e s ' recorded In Harding & R u b i n s t e i n s ( 1 9 8 0 , 1981) work could 

be r e p l i c a t e d u s i n g a d i f f e r e n t l i g h t s t i m u l u s but u s i n g t h e same 

r e c o r d i n g p a r a m e t e r s and s e c o n d l y as t h e ' s u b - c o r t i c a l r e s p o n s e s ' 

t h a t were r e c o r d e d were c o n s i d e r e d t o be f a r f i e l d p o t e n t i a l s , a 

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

s t i m u l a t o r s was needed. The Audib le C l i c k s t i m u l u s I s the s t i m u l u s 

of c h o i c e when i n v e s t i g a t i n g t h e B r a i n - S t e m A u d i t o r y Evoked 

P o t e n t i a l (BAEP) o r Middle L a t e n c y R e s p o n s e , now r e c o g n i s e d as f a r 

f i e l d p o t e n t i a l s and r e c o r d e d a t a d i s t a n c e . In Ha rd ing & 

R u b i n s t e i n ' s work, t h e r e s u l t s o b t a i n e d were t h o u g h t t o c o n t a i n an 

a u d i t o r y component which c o n t a m i n a t e d t h e v i s u a l r e s p o n s e . Us ing 

L .E .D. g o g g l e s removed t h i s e f f e c t and the r e s u l t s o b t a i n e d were 

f rom v i s u a l s t i m u l a t i o n o n l y . 
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P a r t 1 

Us ing t h e N i c o l e t P a t h f i n d e r , seven c h a n n e l s of d a t a wsre r e c o r d e d 

s i m u l t a n e o u s l y . O b v i o u s l y t h e more c h a n n e l s a v a i l a b l e , t h e e a s i e r 

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

p e r i o d . With s e v e r a l d i f f e r e n t a s p e c t s of t h e e x p e r i m e n t , t h e 

' m e n t a l ' s t a t e of t h e v o l u n t e e r s w h e t h e r awake o r a s l e e p , n e r v o u s o r 

a g i t a t e d , may have r e s u l t e d in d i f f e r e n c e s of t h e r e c o r d e d r e s p o n s e s 

w i th r e s p e c t t o a m p l i t u d e and l a t e n c y b e i n g m e a s u r e d . Responses 

o b t a i n e d were r e c o r d e d bo th w i t h eyes open and c l o s e d and d u r i n g 

w a k e f u l n e s s and s l e e p . 

All the v o l u n t e e r s , aged 2 1 - 2 9 y e a r s (mean 2 4 . 2 y e a r s , 7 f e m a l e s , 3 

males ) were n e u r o l o g i c a l l y and o p h t h a l m o l o g i c a l l y normal i n d i v i d u a l s 

who worked in t h e D e p a r t m e n t of C l i n i c a l N e u r o p h y s i o l o g y , 

Sou thampton . These v o l u n t e e r s were more r e l a x e d than o t h e r 

p o p u l a t i o n s of v o l u n t e e r s may have been due t o t h e i r v a r i o u s 

e x p e r i e n c e s o f t e s t s used in n e u r o p h y s i o l o g y , i e EEG and EP 

r e c o r d i n g s and t h e i r knowledge of what was r e q u i r e d . 

Visual a c u i t y was t e s t e d by means o f a S n e l l e n T e s t Chart , which 

comprises o f a s e t o f l e t t e r s , t h e d e t a i l s o f which subtend a v i s u a l 

a n g l e of one m i n u t e when h e l d 6m f rom t h e e y e . The c l i n i c a l 

measurement of v i s u a l a c u i t y i s c a r r i e d o u t by d e t e r m i n i n g t h e 

d i s t a n c e a p a r t a t which s e p a r a t e images can be r e s o l v e d when p l a c e d 

a t a known d i s t a n c e from t h e e y e . Normal v i s u a l a c u i t y i s 6 / 6 . 

E l e c t r o d e Montage 

ERG 

Channe l s 1 and 2 - Mono-po l a r r e c o r d i n g f rom L e f t Lower Lid 

(LLL) r e f e r e n c e d t o A1; R i g h t Lower Lid 

(RLL) r e f e r e n c e d t o A2. 

S h o r t L a t e n c y V i s u a l EP - C h a n n e l s 3 and 4 - Mono-polor r e c o r d i ng 

S u b c o r t i c a l V i s u a l E P / O s c i 1 l a t o r y P o t e n t i a l s - From T 3 . 5 and T4 .5 

r e f e r e n c e d t o Cz. 
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C o r t i c a l V i s u a l EP - C h a n n e l s 5 , 6 and 7 - Mono-po la r r e c o r d i n g f rom 

()1, Oz, 02 r e f e r e n c e d t o C3, (M r e s p e c t i v e l y . Ground e l e c t r o d e 

was Fz . 

A m p l i f i e r S e t t i n g s 

ERG 

S h o r t L a t e n c y VEP 

C o r t i c a l VEP 

High Band Pas s F i l t e r 1500 Hz 

Low Band Pas s F i 1 t e r 5 Hz 

S e n s i t i v i t y 200 uV/cm 

Time Base 150 msec 

S w e e p s / R e p e t i t i o n s As r e q u i r e d 

High Band Pas s F i l t e r 1500 Hz 

Low Band Pass F i I t e r 5 Hz 

S e n s i t i v i t y = 100 uV/cm 

Time Base 170 msec 

S w e e p s / R e p e t i t i o n s 500 

High Band Pass F i l t e r 500 Hz 

Low Band Pass F i l t e r 5 Hz 

S e n s i t i v i t y = 100 uV/cm 

Time Base 170 msec 

S w e e p s / R e p e t i t i o n s 500 

The s t u d y can be d i v i d e d i n t o 2 s e c t i o n s 

1. C o n f i r m a t i o n o f t h e work c a r r i e d o u t by R u b i n s t e i n & H a r d i n g , 

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

L .E .D. g o g g l e s . 

2 . L o c a l i s a t i o n o r s p a t i a l d i s t r i b u t i o n of t h e evoked p o t e n t i a l 

o v e r t h e s c a l p ; w h e t h e r i t i s r e l a t e d t o t h e a c t i v i t y of t h e 

r e t i n a and how does c h a n g i n g t h e r a t e of s t i m u l a t i o n and 

a m p l i f i e r f i l t e r s e t t i n g s a f f e c t t h e evoked r e s p o n s e s and i s i t 

p o s s i b l e t o s e p a r a t e t h e evoked r e s p o n s e f rom t h e ERG u s i n g 

s p e c i f i c w a v e l e n g t h s o f l i g h t . 
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CHAPTER 4 

RESULTS AND DISCWSSinN 

R e s u l t s - In a normal c o n t r o l s e r i e s aged 21 -29 y e a r s (mean 2 4 . 2 

y e a r s ) 

This s e c t i o n o f r e s u l t s r e l a t e s t o the work performed us ing the 

c r i t e r i a and m e t h o d o l o g y of Hard ing & R u b i n s t e i n w i th t h e a d d i t i o n 

of red LED g o g g l e s a s t h e s t i m u l u s . 

B e f o r e u s i n g the r e d LED g o g g l e s on the s u b j e c t , t h e e x a m i n a t i o n was 

undertaken u s i n g a xenon f l a s h d i s c h a r g e t u b e as the s t i m u l a t o r . 

Th i s was a Gras s s t i m u l a t o r a t i n t e n s i t y 4 . From t h e m a n u f a c t u r e r , 

the h i g h e s t I n t e n s i t y o f the Grass s t i m u l a t o r , I n t e n s i t y 16, 

r e p r e s e n t s 1 , 5 0 0 , 0 0 0 c a n d l e power f o r 10 m i c r o s e c o n d s a t a d i s t a n c e 

of 10 i n c h e s . T h e r e f o r e s t e p 4 i s one q u a r t e r of s t e p 16. I t was 

f e l t t h a t b e f o r e a t t e m p t i n g t o q u e s t i o n or v a l i d a t e p r e v i o u s r e s u l t s 

o b t a i n e d by v a r i o u s w o r k e r s , a d i r e c t compar i son s h o u l d be made 

b e f o r e c h a n g i n g e i t h e r t h e s t i m u l u s o r o t h e r p a r a m e t e r s used in 

r e c o r d i n g the evoked p o t e n t i a l s . The r e s u l t s o f t h i s I n i t i a l 

b a s e l i n e u s i n g t h e xenon f l a s h a r e shown in f i g u r e 12. 

The r e s p o n s e s shown a r e t h e n o n - c o r n e a l e l e c t r o - r e t i n o g r a m and t h e 

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

placements as s u g g e s t e d by Harding & R u b i n s t e i n . The l a t e n c i e s f o r 

t h e ERG are w i t h i n normal l i m i t s when compared t o p u b l i s h e d d a t e 

( I k e d a 1976, 1 9 8 2 ) , i e 4 0 - 5 0 msec f o r t h e b-wave l a t e n c y . The 

b-wave a m p l i t u d e s of t h e ERG a r e r e d u c e d and a r e o f t h e o r d e r of 

14-17 uV (normal c o r n e a l r a n g e 0 . 1 - 1 . 0 mV); t h i s i s due t o t h e f a c t 

t h a t t h e r e s p o n s e s r e c o r d e d were o b t a i n e d u s i n g S i l v e r / S i l v e r 

C h l o r i d e s k i n e l e c t r o d e s p l a c e d on t h e lower e y e l i d s . In r o u t i n e 

c l i n i c a l ERG e x a m i n a t i o n , go ld f o i l o r DTL e l e c t r o d e s a r e used which 

a r e p l a c e d in d i r e c t c o n t a c t w i t h t h e c o r n e a of t h e e y e , t h u s 

r e s u l t i n g i n l a r g e a m p l i t u d e p o t e n t i a l s . For t h e p u r p o s e of t h i s 

s t u d y , i t was n e c e s s a r y t o e s t a b l i s h a b a s e l i n e f o r ERG a m p l i t u d e 

and l a t e n c y u s i n g t h e xenon f l a s h s t i m u l u s which in t u r n w i l l e n a b l e 

a compar i son t o be made when u s i n g t h e r ed L .E .D. g o g g l e s . 
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In a d d i t i o n , f rom f i g u r e 13 t h e a m p l i t u d e of t h e e a r l y v i s u a l evoked 

p o t e n t i a l s can be seen t o be l e s s t h a n luV peak t o peak a m p l i t u d e . 

I t w i l l a l s o be n o t e d f rom t h e f i g u r e , t h a t in t h i s p a r t i c u l a r 

s u b j e c t , a d i f f e r e n c e in morphology of t h e evoked r e s p o n s e e x i s t s , 

not s i g n i f i c a n t l y between r e c o r d i n g s i t e s T3.5 or T4.5 but between 

which eye i s s t i m u l a t e d . Th i s d i f f e r e n c e i s n o t e v i d e n t in t h e ERG. 

Having e s t a b l i s h e d t h a t evoked p o t e n t i a l s c o u l d be r e c o r d e d 

f o l l o w i n g t h e f l a s h f rom t h e xenon l i g h t s t i m u l u s u s i n g s c a l p 

e l e c t r o d e s over s p e c i f i e d a r e a s o f the head accord ing t o Harding & 

R u b i n s t e i n , t h e s t i m u l a t o r was changed t o a p a i r of g o g g l e s In which 

a c h e q u e r board a r r a y (5 x 3) of r ed l i g h t e m i t i n g d i o d e s were 

mounted . The t e s t was t h e n p e r f o r m e d w i t h t h e g o g g l e s worn o v e r 

c l o s e d e y e s . The s u b j e c t was r e q u e s t e d t o m a i n t a i n eye c l o s u r e in 

order t o reduce contaminat ion o f the raw data by b l i n k a r t i f a c t , t o 

s t a n d a r d i s e the procedure and t o reduce the v a r i a b l e o f eye 

o p e n i n g / c l o s i n g on t h e r e s p o n s e s r e c o r d e d . I t a l s o e n s u r e d t h a t , 

s h o u l d t h e s u b j e c t f a l l a s l e e p t h e r e s p o n s e s would be r e c o r d e d 

t h r o u g h c l o s e d eyes and t h e r e f o r e n o t be a f f e c t e d u n d u l y . I f t h e 

r e s p o n s e s o b t a i n e d showed marked d i f f e r e n c e s w i t h eyes c l o s e d 

between a l e r t and s l e e p s t a t e s , t h e n t h i s would be a t t r i b u t e d t o t h e 

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

F i g u r e 14 c l e a r l y d e m o n s t r a t e s t h e combined r e c o r d i n g of t h e 

n o n - c o r n e a l e l e c t r o - r e t i n o g r a m , t h e e a r l y v i s u a l and c o r t i c a l v i s u a l 

evoked r e s p o n s e s t o monocular s t i m u l a t i o n from red L.E.D. g o g g l e s 

t h r o u g h c l o s e d e y e l i d s f rom one of t h e v o l u n t e e r s examined . Two 

r u n s a r e s u p e r i m p o s e d t o d e m o n s t r a t e r e p r o d u c i b i l i t y . F i g u r e 15 

shows ERG and e a r l y s u b - c o r t i c a l and c o r t i c a l r e s p o n s e s evoked w i t h 

L .E .D. g o g g l e s . The c o r t i c a l r e s p o n s e s have been marked a c c o r d i n g 

t o C i g a n e k ' s n o m e n c l a t u r e . 

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

waves o f t h e ERG, t h e most c o n s i s t e n t i d e n t i f i a b l e waves , bo th 

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

most p r o m i n e n t peaks and t r o u g h s o f t h e c o r t i c a l v i s u a l evoked 

r e s p o n s e s were documented and l i s t e d in t h e accompanying t a b l e s . 

G r a p h i c a l r e p r e s e n t a t i o n o f t h e mean and s t a n d a r d d e v i a t i o n of t h e 

ERG l a t e n c i e s f o r both r i g h t (OD) and l e f t (OS) eye are Included f o r 

summary ( s e e t a b l e 1 and g raph 1 ) . 
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V I S U A L S U B - C O R T I C A L R E S P O N S E 

0 3 0 0 T 3 . 6 - C 2 • VESP 

0 3 OS T 3 . 6 - C 2 • VESP 2 

0 0 -m .G-CZ 

B* 0 8 • n . E - C Z • VESP 2 

t 
STIMULUS 

LEFT EYE 

RIGHT EYE 

M5/c:v 
I 7 . Z Z 2 

J V / C I V 

2.t2 

FIGURE 13 

THE EVOKED RESPONSE OBTAINED BY MONOCULAR L.E.D. GOGGLE STIMULATION 

RECORDED AT T3.5 AND T4 . 5 REFERENCED TO Cz IN ONE SUBJECT (500 SWEEPS 

EACH RESPONSE). 
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FIGURE 15 

ERG AND VISUAL SUB-CORTICAL RESPONSE TWO RUNS SUPERIMPOSED 

AND THE BOTTOM TRACE SHOWING THE CORTICAL VISUAL RESPONSE 



TABLE 1 

ERG - Latencies (mS) 

Lat mS Lat mS Diff Lat mS Lat mS Diff 
Inits Age RT A Lt A Rt B Lt B 

C.B. 26 26. 10 26. 70 . 60 38. 40 40. 20 1.80 
B. M. 22 18. 30 18. 60 . 30 41. 40 41. 40 . 00 
S.B-W. 21 22. 50 25. 50 3.00 34. 80 38. 40 3.60 
S. T. 25 21. 90 22. 80 . 90 39. 30 40. 20 . 90 
A.P. 21 22. 80 25. 80 3.00 33. 90 38. 40 4.50 
N.H. 21 24. 00 25. 80 1. 80 37. 50 38. 10 . 60 
S.P. 27 23. 10 28. 20 5. 10 39. 00 39. 90 .90 
T.N. 29 23. 70 24. 00 . 30 38. 70 37. 80 -. 90 
E.G. 22 23. 10 26. 40 3.30 36. 90 38. 70 1. 80 
R.C. 28 25. 20 26. 80 1.60 35. 80 37. 50 1.70 

VAR 9.0 3. 95 6. 66 2.24 4. 64 1. 47 2. 32 
MEAN 24.2 23. 07 25. 06 1.99 37. 57 39. 06 1. 49 
SD 3. 0 1 . 99 2. 58 1. 50 2. 15 1. 21 1. 52 
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Latency measurements f o r the e a r l y ' s u b - c o r t i c a l ' v i s u a l r e s p o n s e s 

( T 3 . 5 - Cz and T 4 . 5 - Cz) a r e l i s t e d w i t h a summary t a b l e f o r t h e 

most c o n s i s t e n t l y i d e n t i f i a b l e r e s p o n s e s N29, P37 and N44. 

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

d a t a f o r t h e waves i d e n t i f i e d ( s e e t a b l e 2 and 3 , g r a p h s 2 , 3 , 4 and 

5 ) . 

Latency measurements f o r the c o r t i c a l v i s u a l evoked p o t e n t i a l 

recorded from o c c i p i t a l l y p l a c e d e l e c t r o d e s ( 0 2 , Oz, 01) r e f e r e n c e d 

t o t r a n s v e r s e m i d l i n e e l e c t r o d e s (C4, Cz, C3) are a l s o t a b u l a t e d . 

The peak and t r o u g h of t h e c o r t i c a l r e s p o n s e were l a b e l l e d u s i n g 

Ciganek ' s nomenc lature . A comparison t a b l e between Ciganek ' s 

f i n d i n g s and t h o s e o f t h i s s tudy i s l i s t e d (Table 4 , 5 and 6) 

showing the c o n s i s t e n c y and s i m i l a r i t y between r e s p o n s e s o b t a i n e d 

f rom t h e v i s u a l c o r t e x even though d i f f e r e n t s t i m u l i were used in 

each s t u d y . 

From t h e r e s p o n s e s o b t a i n e d t o l i g h t s t i m u l a t i o n , e i t h e r xenon f l a s h 

o r red LED g o g g l e s , t h e ERG was t h e most c o n s i s t e n t in bo th l a t e n c y 

and a m p l i t u d e and a l s o in c o n f i g u r a t i o n . A l though t h e ERG i s 

composed o f the a c t i v i t y o f numerous d i f f e r e n t types o f c e l l s , a l l 

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

These were more p r o m i n e n t when u s i n g t h e xenon f l a s h s t i m u l u s 

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

red L.E.D. g o g g l e s . The ampl i tudes o f the two ERG's recorded t o 

d i f f e r e n t l i g h t s t i m u l i were d i f f e r e n t g i v i n g an a m p l i t u d e r a n g e f o r 

LED s t i m u l a t i o n between t h e a and b waves f rom 3 . 5 t o 1 2 . 5 

m i c r o v o l t s . The m e a s u r e s f o r t h e s t r o b o s c o p e s t i m u l u s showed 

a m p l i t u d e r a n g e be tween t h e a and b waves from 1 4 . 0 t o 2 1 . 5 

m i c r o v o l t s . The low a m p l i t u d e s f o r t h e ERG's a r e a t t r i b u t e d t o a 

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

i n c l u d e ( i ) r e c o r d i n g t h e ERG w i t h S i l v e r / S i l v e r C h l o r i d e s k i n 

e l e c t r o d e s p l a c e d on t h e lower e y e l i d s , ( 1 1 ) r e c o r d i n g t h e ERG 

through c l o s e d e y e s , ( 1 1 1 ) r e c o r d i n g o f the ERG In photop ic 

c o n d i t i o n s and ( i v ) u s i n g a l a r g e number o f sweeps . 
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TABLE 2 

VISUAL SUB-CORTICAL EP (RIGHT + LEFT EYE T3.5-CZ) 
POLARITY ACCORDING TO E.E.G.CONVENTION 

NAME N29 P37 N44 P52 N65 

C.B. N/A 34 . 00 43 .80 49 .90 64 .90 

B.M. 31.90 40 .50 46 . 6u 51 . 00 60 .80 
S.3-W. 29.60 35 . 70 43 . 50 55 . 10 68 . 70 

E.G. 29.20 37 . 00 46 .90 53 . 70 60 .20 

S.T. 29.30 32 . 30 49 .60 53 .40 68 . 70 

N.H. 31 .60 34 .70 39 . SO 54 .00 66 . 30 
S.P. 31 .70 31 .70 44 .50 58 .20 74 .80 
T . N. 25.80 37 .70 45 . 60 51 .70 62 .60 

A.P. 30.90 33 .60 49 .60 54 . 00 59 .50 

B.M. 24.80 38 . 10 44 .20 50 .60 63 .90 

S.B-W 30.90 39 ,50 42 . 70 47 .30 64 .60 

C.B 29 . 60 35 .70 43 .50 55 . 10 68 .70 

E.G. 26.70 38 .40 42 .90 53 . 00 67 .60 

S.T. 28.50 36 .70 40 .80 57 .50 62 . 20 
N.H. 25.50 34 . 30 42 .50 49 .30 71 . 00 

S.P. 25.80 37 . 20 43 .20 48 .60 60 .80 

T.N. 29.20 43 .20 48 . 30 51 .70 66 . 30 

A.P. 29.20 39 .40 41 .80 47 .60 66 . 00 

AVE 28.78 36 .65 44 . 43 52 .32 65 . 42 

STD 2 . 25 2 .90 2 . 74 3 . 05 3 .98 

VAR 5.07 8 .39 7 . 49 9 . 32 15 .81 

VISUAL SUB-CORTICAL EP(LEFT + RIGHT EYE 
POLARITY ACCORDING TO E.E.G. CONVENTION 

'4.5-CZ) 

NAME N29 P37 N44 P52 N65 

B.M. 25.50 38 .70 43 .80 50.30 68.30 

S.B-W. 24. 10 35 .70 43 .50 51.30 74.10 

C.B. 31.70 36 .70 44 .20 51 .30 64.60 

E.G. 30.20 38 . 40 47 .20 56.80 66.30 

S.T. 26.80 31 .60 36 . 70 48.20 68.40 

N.H. 23.80 37 . 00 43 .20 49.60 71.00 

S.P. 25.80 36 . 00 39 .80 48.60 63.20 

T.N. 34.70 39 . 10 43 .80 51.70 69.30 

A.P. 31.90 36 .40 41 .80 48.60 70.40 

B.M. 28.20 39 . 10 48 .90 53.70 64.20 

S.B—W. 27.50 33 . 6u 47 . 90 60.80 70.00 

C.B. 28.90 41 . 10 46 . 6u 57.80 66.90 

E.G. 25.80 39 . 40 46 .60 52. 70 72.00 

S.T. 25.20 32 .90 47 .90 53.00 68.30 

N.H. 26.60 39 . 70 52 . 30 59.50 66.30 

S.P. 24.50 41 .80 64 .90 74.80 8u. 6u 
T.N. 25. 80 37 .70 41 . 10 55. 10 64.30 

A.P. 29. 90 38 . 00 43 .80 54.40 76.80 

AVE 27.61 37 .38 45 .78 54.34 69.17 

STD 2.96 2 .65 5 .83 6.14 4.44 

VAR 8.76 7 . 00 34 .01 37.68 19.75 
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TABLE 3 

EARLY FLASH VISUAL EVOKED POTENTIALS FROM 

10 NORMAL ADULTS 

T3.5-CZ T4.5-CZ 
Mean ^ sd Mean + sd 

Potential N29 

Right eye 29.87 ;+ 2.11 28.27 ^ 3.90 
Left eye 27.80 ^ 2.14 26.90 1.80 

Potential P37 

Right eye 35.24 ^ 2.80 36.62 ^ 2.24 
Left eye 38.05 2.56 38.10 3.07 

Potential N44 

Right eye 45.50 ^ 3.10 42.66 + 2.97 
Left eye 43.30 ^ 2.10 46.11 ^ 2.74 
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N A M E 

S.T. 

S.B-W. 

E.G. 
B.M. 
N.H. 
T.N. 

A. P. 
S.P. 

C.B . 
S.T. 
S.B-W. 
E.G. 

B . M . 
N . H . 
T.N. 
A.P. 
S.P. 

C.B. 

A V E 

STD 

V A R 

TABLE 4 

V I S U A L C O R T I C A L EP (RIGHT + L E F T E Y E O Z - C Z ) 

P O L A R I T Y A C C O R D I N G TO E . E . G . C O N V E N T I O N 

4 0 . 2 4 
4 4 . 8 8 
4 8 . 6 2 
4 7 . 2 6 
5 4 . 7 4 
5 7 . 1 2 
3 7 . 7 4 
4 0 . 4 6 
4 3 . 1 8 
5 1 . 3 4 
4 4 . 2 0 
5 2 . 7 0 
4 5 . 5 6 
5 7 . 1 2 
4 4 . 1 2 
5 4 . 7 0 
4 8 . 9 0 
4 8 . 2 0 

4 7 . 8 4 
5 . 6 9 
32.33 

II 

5 2 . 3 6 
5 2 . 7 0 
6 4 . 6 0 
5 1 . 6 0 
60.18 
6 0 . 2 0 
4 6 . 2 0 
5 4 . 4 0 
5 1 . 6 8 
5 5 . 0 8 
5 9 . 5 0 
6 8 . 0 0 
5 3 . 7 0 
6 1 . 5 4 
5 9 . 5 0 
6 2 . 9 0 
5 8 . 8 0 
5 7 . 4 0 

5 7 . 2 4 
5 . 3 0 

2 8 . 0 5 

III IV 

6 8 . 3 4 
7 2 . 4 0 
7 5 . 1 4 
6 9 . 0 2 
7 0 . 3 8 
7 5 . 1 4 
6 9 . 7 0 
62.20 
6 7 . 3 4 
7 0 . 0 4 
7 4 . 1 2 
8 2 . 3 0 
61.20 
6 5 . 6 0 
7 4 . 4 6 
7 4 . 8 0 
6 4 . 9 0 
6 7 . 6 0 

9 0 . 4 4 
9 9 . 9 0 
9 4 . 1 8 
9 1 . 1 0 
9 0 . 7 8 
9 8 . 6 0 

1 0 1 . 3 0 
9 4 . 1 8 
92.80 
9 3 . 8 0 
9 8 . 9 0 
9 2 . 5 0 
9 3 . 7 0 
9 3 . 5 0 
8 5 . 0 0 

1 0 5 . 7 0 
9 7 . 5 0 

1 0 0 . 3 0 

7 0 . 2 6 
5 . 1 0 

2 6 . 0 6 

9 5 . 2 3 
4 . 7 8 

2 2 . 8 5 

V 

1 1 6 . 2 8 
1 3 2 . 0 0 
1 0 4 . 7 0 
1 1 2 . 5 0 
1 2 2 . 0 0 
1 2 3 . 4 5 
1 2 4 . 4 0 
122.06 
1 0 2 . 0 0 
1 1 5 . 9 0 
1 3 0 . 5 0 
1 2 2 . 0 0 
1 1 5 . 0 0 
1 1 8 . 3 0 

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

1 1 9 . 3 9 
9 . 9 6 

9 9 . 1 5 

VI 

1 3 7 . 3 6 
1 4 7 . 5 0 
1 2 7 . 5 0 
1 3 9 . 0 0 
1 4 2 . 4 6 
1 5 6 . 7 4 
1 4 9 . 9 0 
1 3 5 . 6 0 
1 2 7 . 8 0 
1 4 4 . 8 0 
1 4 8 . 5 0 
1 3 4 . 9 0 
1 2 8 . 0 0 
1 3 5 . 6 0 
1 2 1 . 0 0 
1 5 4 . 4 0 
1 4 2 . 1 2 
1 5 1 . 3 0 

1 4 0 . 2 5 
9.88 

9 7 . 6 1 

TABLE 5 

C O M P A R I S O N OF V I S U A L C O R T I C A L EP ( C I G A N E K v R E S U L T S O B T A I N E D ) 

C I G A N E K ( O z - P z ) 
(STROBOSCOPE) 

L A R W O O D ( O z - C z ) 
(L.E.D. GOGGLES) 

I 

II 

III 

IV 

V 

VI 

A V E R A G E STD 

3 9 . 1 2 
5 3 . 4 0 
7 3 . 3 3 
9 4 . 1 9 

1 1 4 . 0 0 
1 3 4 . 5 5 

4 . 1 8 
4 . 4 2 
6 . 3 6 
7 . 1 3 
7 . 1 4 
9 . 9 2 

A V E R A G E 

4 7 . 8 3 
5 7 . 2 4 
7 0 . 2 6 
9 5 . 2 3 

1 1 9 . 3 9 
1 4 0 . 2 4 

STD 

,68 

, 2 9 
, 1 0 
, 7 8 
. 9 5 
. 8 7 
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TABLE 6 

GRAND AVERAGE OF CORTICAL EP R I G H T & L E F T 

L . E . D . GOGGLE STIMULATION 

WAVES RIGHT (OZ-•CZ) LEFT (OZ-CZ) 

I 57.10 45.50 
II 60.50 52.00 
III 69.02 71.00 
IV 96.20 96.50 
V 121.00 122.40 
VI 142.60 143.80 

WAVES RIGHT (02- C4) LEFT (02-C4) 

I 40.40 44.20 
II 47.00 51.00 
III 68.30 70.30 
IV 96.50 96.50 
V 123.70 124.10 
VI 138.40 142.40 

WAVES RIGHT (01-C3) LEFT (01-C3) 

I 40.10 54.40 

I I 50.60 60.20 

III 69.00 70.70 

IV 94.80 97.20 
V 121.70 124.40 
V I 143.80 145.20 
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Using 3 0 0 - 5 0 0 or more sweeps (and hence l i g h t f l a s h e s ) was n e c e s s a r y 

t o a v e r a g e t h e e a r l y v i s u a l evoked p o t e n t i a l s N29, P37 and N44 

i d e n t i f i e d in t h i s s t u d y f rom t h e raw EEC d a t a . C o n s t a n t 

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

a m p l i t u d e due t o p h y s i o l o g i c a l h a t i t u a t i o n of t h e p h o t o r e c e p t o r s . 

The ERG was c l e a r l y i d e n t i f i a b l e in a l l v o l u n t e e r s and showed good 

c o r r e l a t i o n w i t h i n t h e s u b j e c t s two eyes and between i n d i v i d u a l s 

used in t h i s s t u d y ( s e e Appendix A) . 

The e a r l y evoked r e s p o n s e s ( o s c i l l a t o r y or s u b - c o r t i c a l ) waveforms 

were i d e n t i f i e d in a l l s u b j e c t s s t u d i e d b u t t h e d e g r e e of 

v a r i a b i l i t y , both in morphology, the number o f n e g a t i v e or p o s i t i v e 

components making up t h e r e s p o n s e and t h e r a n g e of l a t e n c i e s and 

ampl i tudes recorded made the l i s t i n g and s e l e c t i o n o f the major 

components s l i g h t l y more d i f f i c u l t . The m a j o r components t h a t cou ld 

be i d e n t i f i e d c o n s i s t e n t l y were ( P 2 0 ) , N29, P37 and N44 when 

r e c o r d e d f rom a c t i v e T 3 . 5 and T4 .5 e l e c t r o d e s r e f e r e n c e d t o Cz. 

These were the average v a l u e s o b t a i n e d from the small p o p u l a t i o n 

s t u d i e d and c o u l d c o r r e s p o n d t o t h e P21, N29 and P34 components 

repor ted by Harding & R u b i n s t e i n . The P20 waveform i d e n t i f i e d in 

t h i s s t u d y was seen in some of t h e s u b j e c t s b u t n o t in a l l so was 

n o t i n c l u d e d f o r d i s c u s s i o n . At t h i s s t a g e , a l t h o u g h t h e r e i s a 

s l i g h t d i f f e r e n c e 1n l a t e n c y between the f i n d i n g s o f t h i s s tudy and 

t h o s e o f Ha rd ing & R u b i n s t e i n , t h i s was a c c o u n t e d f o r by t h e 

d i f f e r e n c e In l i g h t I n t e n s i t y o f the red L.E.D. g o g g l e s compared t o 

the f l a s h from the xenon s t r o b o s c o p e . The N29, P37 and N44 peaks 

were s h o r t e r when u s i n g t h e s t r o b o s c o p e f o r s t i m u l a t i o n and compared 

f a v o u r a b l y w i t h p r e v i o u s w o r k e r s r e s u l t s . 

Examples o f t h e v a r i a b i l i t y can be seen in f i g u r e 16 which c l e a r l y 

d e m o n s t r a t e s t h e d i f f e r e n c e in number o f t h e ' o s c i l l a t o r y 

p o t e n t i a l s ' and a l s o t o t h e n e g a t i v e and p o s i t i v e p h a s e s o f each 

i n d i v i d u a l componen t s . C l e a r l y t h e p o t e n t i a l s evoked a r e 

p h y s i o l o g i c a l in o r i g i n as t h e r e s p o n s e s o b t a i n e d can be r e p l i c a t e d 

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

r e p e a t e d a f t e r a t ime p e r i o d of days o r weeks be tween t e s t s . 
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FIGURE 16 

VSEP OBTAINED BY STIMULATING WITH RED L.E.D, 
HARDING AND RUBENSTEIN'S ELECTRODE PLACEMENTS. 

GOGGLES USING 

UV/DIV MS/OIV 
1 7 . 0 0 0 0 . 15 

A G 
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To i d e n t i f y each peak i t was n e c e s s a r y t o p e r f o r m one of two 

o p e r a t i o n s . The components c o u l d be l a b e l l e d by i d e n t i f y i n g t h e 

major component ( n e g a t i v e or p o s i t i v e ) o f the c o r t i c a l v i s u a l evoked 

p o t e n t i a l r e c o r d e d f rom o c c i p i t a l l y p l a c e d e l e c t r o d e s which was 

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

1 ) . A l t e r n a t i v e l y , a l l t h e r e s p o n s e s o b t a i n e d f o r s t i m u l a t i o n of 

t h e r i g h t eye (OD) r e c o r d e d a t T3 .5 r e f e r e n c e d Cz added t o g e t h e r and 

d i v i d e d by t h e number of t r i a l s which gave t h e g rand a v e r a g e . Th i s 

was r e p e a t e d f o r r i g h t eye s t i m u l a t e d w i t h r e s p o n s e r e c o r d e d a t T4 .5 

and f o r the l e f t eye (OS) t o T3.5 and T4 .5 . The idea behind t h i s 

o p e r a t i o n was t o t r y and o b t a i n an 'evoked p o t e n t i a l t e m p l a t e ' 

a g a i n s t which t h e i n d i v i d u a l r e s p o n s e s c o u l d be compared and 

m e a s u r e d . 

The ' t e m p l a t e ' was used in a l l measurements t o i d e n t i f y t h e most 

c o n s i s t e n t n e g a t i v e and p o s i t i v e componen t s . Only t h o s e components 

of t h e i n d i v i d u a l r e s p o n s e s when compared t o the ' t e m p l a t e ' showing 

t h e same phase n e g a t i v e o r p o s i t i v e were i n c l u d e d in d e t e r m i n i n g t h e 

m a j o r components and a n n o t a t i n g them N29, P37 and N44. 

I f t h e i n d i v i d u a l r e s p o n s e had s e v e r a l n e g a t i v e and p o s i t i v e 

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

' t e m p l a t e ' component in t h a t t i m e p e r i o d was c o u n t e d . M u l t i p l e 

d e f l e c t i o n s t h a t o c c u r e d in some s u b j e c t s were measured f o r bo th 

l a t e n c y and a m p l i t u d e b u t a s some of t h e m u l t i p l e n e g a t i v e and 

p o s i t i v e components did not occur 1n the m a j o r i t y o f the s u b j e c t s 

t h e y were n o t i n c l u d e d in t h e s t a t i s t i c s . 

The p o t e n t i a l s r e c o r d e d f rom o c c i p i t a l l y p l a c e d e l e c t r o d e s ( 0 1 , Oz, 

02) r e f e r e n c e d t o c e n t r a l e l e c t r o d e s (C3, Cz, C4) shows a s i m i l a r 

r e s p o n s e c o n f i g u r a t i o n t o t h a t o b t a i n e d by Ciganek u s i n g Oz 

r e f e r e n c e d t o Pz . A compar i son of wave l a t e n c i e s of C iganek v e r s u s 

r e s u l t s o b t a i n e d i n t h i s s t u d y i s shown in T a b l e 5 . 
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F i g u r e 17 shows t h e e a r l y v i s u a l and c o r t i c a l v i s u a l evoked 

p o t e n t i a l s recorded s i m u l t a n e o u s l y t o red L.E.D. s t i m u l a t i o n but 

u s i n g d i f f e r e n t r e c o r d i n g e l e c t r o d e s . The e a r l y ' s u b - c o r t i c a l ' 

p o t e n t i a l was r e c o r d e d u s i n g T4 .5 - Cz and t h e c o r t i c a l v i s u a l 

p o t e n t i a l recorded u s i n g Oz - C4 o f the 10-20 system o f e l e c t r o d e 

p l a c e m e n t . I t w i l l be n o t e d t h a t t h e P r i m a r y and S e c o n d a r y r e s p o n s e 

of t h e c o r t i c a l v i s u a l EP, a c c o r d i n g t o C i g a n e k , i s w e l l - d e f i n e d 

w i t h t h e l a r g e s low wave components of t h e FVEP b e i n g p r o m i n e n t . 

The waveform has been l a b e l l e d a f t e r Ciganek i d e n t i f y i n g the major 

components I , I I , I I I , IV, V, VI and VII . The e a r l y v i s u a l evoked 

(T4 .5 - Cz) re sponse shows s l i g h t l y reduced ampl i tude o s c i l l a t o r y 

p o t e n t i a l s when compared w i t h t h e c o r t i c a l VEP but the l a t e r waves 

IV, V, VI and VII a r e g r e a t l y r e d u c e d in a m p l i t u d e . The most 

c o n s i s t e n t components o f the c o r t i c a l ( o c c i p i t a l ) FVEP are I I I , IV 

and V waves ( c o r r e s p o n d i n g in l a t e n c y t o N70, (N80) , P95 and N120 

m s e c ) . 

Al l t h e s u b j e c t s showed c o n s i s t e n t and r e p r o d u c i b l e c o r t i c a l 

r e s p o n s e s t o L .E .D. s t i m u l a t i o n and between run v a r i a b i l i t y in each 

i n d i v i d u a l was minimal b u t be tween s u b j e c t s v a r i a b i l i t y of waveform 

was e v i d e n t as proven by p r e v i o u s workers us ing f l a s h s t i m u l a t i o n . 

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

shows s i m i l a r i t y in t h e e a r l y components of bo th r e s p o n s e s P20, N29, 

P37, N44 and f i g u r e 17 shows a good c o r r e l a t i o n between t h e e a r l y 

waves o f the primary r e s p o n s e and the o s c i l l a t o r y p o t e n t i a l s . 

The evoked r e s p o n s e s o b t a i n e d i n d i c a t e t h a t t h e y a r e due s o l e l y t o 

t h e l i g h t s t i m u l u s g e n e r a t e d by t h e L .E .D. g o g g l e s and t h a t t h e . 

r e s p o n s e does n o t have an a u d i t o r y component f rom t h e c l i c k of t h e 

p h o t i c s t r o b o s c o p e s t i m u l a t o r as s u g g e s t e d by Hard ing & R u b i n s t e i n 

( 1 9 8 2 ) . 
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With r e f e r e n c e t o t h e t o p o g r a p h i c d i s t r i b u t i o n of t h e e a r l y 

o s c i l l a t o r y p o t e n t i a l s , Ha rd ing & R u b i n s t e i n u s i n g a l l e l e c t r o d e s 

r e f e r e n c e d t o Cz showed t h e maximum a m p l i t u d e of t h e r e s p o n s e t o be 

c e n t r e d a round t h e m i d - t e m p o r a l / m a s t o i d a r e a , T3 .5 and T4 .5 whereas 

Cracco and Cracco (1978) showed t h e maximum p o t e n t i a l t o be found a t 

e l e c t r o d e p o s i t i o n s in m i d l i n e and p a r a s a g i t t a l l e a d s than in 

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

change seen a t e l e c t r o d e l o c a t i o n Pz and t h e minimum a t e l e c t r o d e 

p o s i t i o n s T3 and T4. In a d d i t i o n , Cracco & Cracco (1978) used 

c e r v i c a l s p i n e 7 as t h e r e f e r e n c e e l e c t r o d e t o h e l p d i f f e r e n t i a t e 

c e p h a l i c f rom n o n - c e p h a l i c r e f e r e n c e s i t e r e c o r d i n g . 

In t h i s s t u d y t h e t o p o g r a p h y of t h e e a r l y o s c i l l a t o r y p o t e n t i a l s was 

a l s o i n v e s t i g a t e d in t h e a n t e r i o r - p o s t e r i o r t empora l p l a n e 

( e l e c t r o d e p o s i t i o n s FPz, F8, T4, T 4 . 5 , T6, 02 , Oz) . a n t e r i o r -

p o s t e r i o r m i d l i n e p lane ( e l e c t r o d e p o s i t i o n s FPz, Fz, Cz, Pz, Oz) 

and in t h e c e n t r a l t r a n s v e r s e p l a n e ( e l e c t r o d e p o s i t i o n s T 3 . 5 , T3, 

€ 3 , Cz, C4, T4, T 4 . 5 ) . These d e r i v a t i o n s were r e f e r e n c e d t o Cz, A2, 

A1 and CV7, s h o u l d e r and l i n k e d m a s t o i d p r o c e s s e s (A1 + A2) . 

Before i n v e s t i g a t i n g the topography o f the e a r l y o s c i l l a t o r y 

p o t e n t i a l s u s i n g t h e r e d L .E .D. g o g g l e s , a s i m p l e check between 

Hard ing & R u b i n s t e i n and Cracco & Cracco r e c o r d i n g d e r i v a t i o n s was 

p e r f o r m e d wi th t h e r e s u l t s d i s p l a y e d in f i g u r e 18. Th i s f i g u r e 

c l e a r l y shows t h a t t h e r e s p o n s e s c o u l d be r e c o r d e d u s i n g bo th 

d e r i v a t i o n s b u t t h a t a p o l a r i t y r e v e r s a l of t h e waveforms i s 

a p p a r e n t . S e l e c t i n g t h e b e s t r e f e r e n c e i s o b v i o u s l y of g r e a t 

i m p o r t a n c e as i t w i l l d e t e r m i n e t h e p o l a r i t y of p a r t i c u l a r 

components of t h e evoked r e s p o n s e s e l l i c i t e d . 

F i g u r e 19 and 20 show t h e s c a l p d i s t r i b u t i o n of t h e e a r l y 

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

s t i m u l i p r e s e n t e d t o t h e l e f t eye r e f e r e n c e d t o an e l e c t r o d e on 

c e r v i c a l s p i n e 7 ; a l o n g t h e t e m p o r a l , m i d l i n e and c e n t r a l t r a n s v e r s e 

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

t h e r e s u l t s d i s p l a y e d b u t d i f f e r in r e s p e c t of showing t h e e l e c t r o d e 

p o s i t i o n s a s s p e c i f i e d a c c o r d i n g t o t h e I n t e r n a t i o n a l 10-20 

e l e c t r o d e p l a c e m e n t . 
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FIGURE 19 

SUB-CORTICAL VEP TO GOGGLE FLASH STIMULUS 

REFERENCE ELECTRODE ON CERVICAL SPINE 7 

LEFT EYE 
STIMULATED 

/JV/T3IV 
z.se 

+ 

U V / D I V 
2 . 5 0 

Ni Ng 

I 

4 lOmsec/div 
5 
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FIGURE 2 0 

SUBCORTICAL VEP TO GOGGLE FLASH STIMULUS 

REFERENCE ELECTRODE ON CERVICAL SPINE 7 

UV/DIV 

KS/OIV 
10.000 

Al OS 

UV/DIV 

K2 M N" STIMULUS 

MS/OIV 
le.eea 

03 • CZ-CV7 
OS • C3-CV7 
OS • T3-CV7 
OS • T 3 . 6 - C V 7 

NI DELAYED IN FPz - CV7 OR EVEN 
PHASE REVERSED. 

P2 LATENCY IS SHORTER POSTERIORLY. 

N2 LATENCY IS SHORTER ANTERIORLY. 

THE A-WAVE OF THE ERG IS CLEARLY 
SEEN IN FPz AND FP2 ELECTRODE 
POSITIONS AS A NEGATIVE DEFLECTION 
WHEREAS IN OTHER POSITIONS IT IS 
EITHER ABSENT OR SHOWING A VERY 
SMALL POSITIVE INFLECTION. 

N3 IS ABSENT BOTH AT T3.5 AND 
T4.3. 

N2 LATENCY IS SHORTER IN ELECTRODE 
POSITIONS CLOSER TO THE MIDLINE. 

N!, P2. N2 WAVES ARE ABSENT 
IPSILATEHAL TO STIMULATED EYE AT 
ELECTRODE POSITIONS 73-5• 

P3 IS THE MOST PROMINENT 
COMPONENT. 

• FP2-CV7 

N2 LATENCY IS SHORTER AT 
ANTERIORLY POSITIONED ELECTRODES. 

P2 LATENCY IN ANTERIOR/POSTERIOR 
TEMPORAL, MIDLINE AND TRANSVERSE 
DERIVATIONS IS CONSTANT. 

OS • TW-CY7 

OS • 02-CV7 

OS • 02-CV7 
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The components of t h e r e s p o n s e have been l a b e l l e d f o r d e s c r i p t i v e 

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

a c c o r d i n g t o t h e EEC c o n v e n t i o n , i e n e g a t i v e i s upward . 

The ERG can be seen in t h e f i r s t (Fpz - CV7) and 13th (Fpz - CV7) 

t r a c e s ( t o p t o b o t t o m ) . The main f e a t u r e of t h i s s e r i e s of evoked 

r e s p o n s e s i s t h a t t h e P2 - N2 a m p l i t u d e i s g r e a t e s t and maximal a t 

e l e c t r o d e p o s i t i o n s Cz, Pz, Oz, C3 and C4. I t i s a l s o o f I n t e r e s t 

t h a t t h e P2 l a t e n c y i s s h o r t e r p o s t e r i o r l y whereas t h e N2 l a t e n c y i s 

s h o r t e r a n t e r i o r l y . The component N1 - P2 I s maximal in ampl i tude 

a t Pz and Cz. The component N1, P2 and N2 a r e a b s e n t ( T 3 . 5 - CV7) 

i p s i l a t e r a l t o the s t i m u l a t e d eye ( t r a c e 1 2 ) . There I s a l s o a phase 

r e v e r s a l o f the l a t e r par t o f the waveform (N4 or P5) f o c u s e d around 

t h e T4 - CV7 and T 4 . 5 - CV7 e l e c t r o d e p o s i t i o n s ( t r a c e s 15 and 1 6 ) . 

S i m i l a r r e s u l t s u s i n g c e p h a l i c r e f e r e n c e e l e c t r o d e s (Cz , A1, A2) or 

a n o t h e r n o n - c e p h a l i c r e f e r e n c e s i t e ( s h o u l d e r ) were o b t a i n e d w i t h 

t h e e x c e p t i o n of t h e evoked r e s p o n s e s o b t a i n e d when u s i n g Cz a s a 

r e f e r e n c e . 

When u s i n g Cz as r e f e r e n c e t h e r e s p o n s e s were i n v e r t e d o r showed an 

apparent phase r e v e r s a l ( s e e f i g u r e 21 - Comparison o f OS 

s t i m u l a t i o n ) . To c o n f i r m t h i s 'phase r e v e r s a l ' , a b i p o l a r 

d e r i v a t i o n of e l e c t r o d e p l a c e m e n t was used in t h e c e n t r a l t r a n s v e r s e 

p l a n e ( s e e f i g u r e 22 - OD b i p o l a r c h a i n ) . The r e s p o n s e s o b t a i n e d 

c l e a r l y d e m o n s t r a t e a ' p h a s e r e v e r s a l ' a b o u t t h e Cz e l e c t r o d e 

p o s i t i o n w i t h maximum a m p l i t u d e shown in t h e T4 - C4 and C3 - T3 

e l e c t r o d e c o n n e c t i o n s , t h e r e s p o n s e s o f which a p p e a r e d as m i r r o r e d 

i m a g e s . The r e s u l t s o b t a i n e d would s t r o n g l y i n d i c a t e t h a t t h e 

e l e c t r o d e p o s i t i o n Cz i s a c t i v e . Th i s d e m o n s t r a t e s t h e e r r o r made 

by Ha rd ing and R u b i n s t e i n r e g a r d i n g Cz a s ' i n a c t i v e ' w i t h t h e 

maximum p o t e n t i a l b e i n g measured a t T3 .5 o r T4 .5 e l e c t r o d e 

p o s i t i o n s . The ' p h a s e r e v e r s a l ' i s a c o n s e q u e n c e of how t h e 

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

t h a t i n a 2 - d i m e n s i o n a l p l a n e , i t would a p p e a r as a ' p h a s e r e v e r s a l ' 

a b o u t Cz b u t i s in f a c t s i m p l y a r e f l e c t i o n of t h e p h y s i c a l 

c o n n e c t i o n s in t h e c i r c u i t r y . 
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The ' p h a s e r e v e r s a l ' i n F i g u r e 21 would i n d i c a t e t h a t t h e a p p l i e d 

v o l t a g e a t Cz in t h e T 4 . 5 - Cz l e a d was p o s i t i v e , w i t h r e s p e c t t o 

t h e a p p l i e d v o l t a g e a t T 4 . 5 and t h a t in t h e o t h e r 3 d e r i v a t i o n s , t h e 

a p p l i e d v o l t a g e a t T4 .5 i s l e s s n e g a t i v e t h a n a t t h e A1, s h o u l d e r o r 

CV7 s i t e s . 

Many worke r s have a d v o c a t e d n o t u s i n g e a r l o b e s o r t h e m a s t o i d 

p r o c e s s e s (A1 o r A2 e l e c t r o d e p o s i t i o n s ) a s r e f e r e n c e s i t e s due t o 

t h e l a r g e c o n t a m i n a t i o n by t h e e l e c t r o r e t i n o g r a m and t h e c o r t i c a l l y 

g e n e r a t e d v i s u a l evoked r e s p o n s e s . 

In t h i s s t u d y , t o a c t a s a c o n t r o l , one channe l of t h e e l e c t r o d e A2 

r e f e r e n c e d t o A1 o r v i c e v e r s a was used and i t can be seen f rom 

f i g u r e 22 , OD b i p o l a r c h a i n , t h a t no c o n s i s t e n t r e s p o n s e was 

r e c o r d e d when compared w i t h o t h e r a c t i v e e l e c t r o d e s Cz, Pz , Oz when 

r e f e r e n c e d t o A1 o r A2 o r (A1 + A2) e l e c t r o d e s . 

The l a r g e n e g a t i v e d e f l e c t i o n N4 a t a round 70 m i l l i s e c o n d s ( f i g u r e 

20) c o r r e s p o n d s w i t h N80 o r I I I of t h e p r i m a r y r e s p o n s e of t h e f l a s h 

VEP a f t e r C iganek ( 1 9 6 8 ) . In a d d i t i o n , r e g a r d l e s s of t h e e l e c t r o d e 

p o s i t i o n when r e f e r e n c e d t o CV7, N2 and N3 a r e c o n s i s t e n t in l a t e n c y 

b u t v a r y in a m p l i t u d e b e i n g maximal in m i d l i n e and c e n t r a l e l e c t r o d e 

p o s i t i o n s and r e c o r d e d as f a r f o r w a r d as FPz and p o s t e r i o r l y a t Oz. 

Components N2 and N3 a r e l e s s we l l d e f i n e d a t e l e c t r o d e p o s i t i o n s 

T 3 . 5 and T 4 . 5 . The t i m e s e p a r a t i n g t h e o s c i l l a t o r y components i s 

a l s o v e r y c o n s i s t e n t b e i n g of t h e o r d e r of 10-12 m s e c s , between 

s u c c e s s i v e n e g a t i v e components ( N l , N2, N3 and N4) . Lower a m p l i t u d e 

l e s s wel l d e f i n e d o s c i l l a t o r y components were seen in t h e t empora l 

c h a i n of e l e c t r o d e s r e f e r e n c e d t o CV7 h a v i n g l a t e n c i e s of 20-27 

msecs ( P 2 0 ) . 

These were l a b e l l e d Na, P a , Nb, Pb and were of maximal a m p l i t u d e in 

T4, T4 .5 and T6 e l e c t r o d e p o s i t i o n s and c o u l d r e f l e c t t h e t r i p h a s i c 

complex of s h o r t l a t e n c y p o t e n t i a l s (P20 ( P 2 3 ) , N26 (N28) , P34) of 

Ha rd ing & R u b i n s t e i n (1980) b u t o f o p p o s i t e p o l a r i t y due t o t h e 

d i f f e r e n t r e f e r e n c e s i t e used in t h e r e c o r d i n g . 
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These components Na, Pa , Nb and Pb were n o t e v i d e n t in r e s p o n s e s 

r e c o r d e d f rom t h e lower e y e l i d o r in t h e m i d l i n e e l e c t r o d e 

p o s i t i o n s . However, v e r y low a m p l i t u d e components were seen in 

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

v a r i a b l e . The re a p p e a r s t o be t h r e e d i s t i n c t s e c t i o n s t o t h e 

complex evoked r e s o n s e s t o f l a s h s t i m u l i , namely t h e ERG component , 

t h e o s c i l l a t o r y w a v e l e t s , t h o u g h t t o a r i s e f rom s u b - c o r t i c a l 

s t r u c t u r e s , and t h e c o r t i c a l v i s u a l evoked p o t e n t i a l - p r i m a r y and 

s e c o n d a r y r e s p o n s e s . The g e n e r a t o r s of t h i s complex evoked 

p o t e n t i a l a r i s e f rom t h e r e t i n a , o p t i c n e r v e and t r a c t , l a t e r a l 

g e n i c u l a t e n u c l e i , o p t i c r a d i a t i o n s and v i s u a l c o r t e x . 

The ERG and c o r t i c a l evoked p o t e n t i a l have been wel l documented and 

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

i s a t e n d e n c y f o r r e s p o n s e s t o o v e r l a p in t h e t ime domain and t o a 

l e s s e r d e g r e e in t h e f r e q u e n c y domain . In o r d e r t o t r y and 

e s t a b l i s h w h e t h e r t h e o s c i l l a t o r y components r e c o r d e d a r e of ERG o r 

s u b - c o r t i c a l / c o r t i c a l o r i g i n , a s i m p l i f i e d method of r e c o r d i n g was 

d e v i s e d in o r d e r t o t r y and s e p a r a t e t h e ERG r e s p o n s e f rom t h e 

o s c i l l a t o r y p o t e n t i a l s t h o u g h t t o a r i s e in s u b - c o r t i c a l and c o r t i c a l 

s t r u c t u r e s . 

Having e s t a b l i s h e d f rom p r e v i o u s d i s t r i b u t i o n s t u d i e s t h a t t h e 

p o t e n t i a l of t h e o s c i l l a t o r y p o t e n t i a l s ( ( P 2 0 ) , N29, P37 and N44) 

were maximal a t o r c l o s e t o Pz e l e c t r o d e p o s i t i o n r e g a r d l e s s of 

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

s e p a r a t e t h e e a r l y f l a s h VEP ( o s c i l l a t o r y p o t e n t i a l s ) f rom ERG t o 

L .E .D. g o g g l e s t i m u l a t i o n was i n v e s t i g a t e d . 

The t e c h n i q u e used was t o r e c o r d evoked r e s p o n s e s f rom d i f f e r e n t 

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

p o s i t i o n . 
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The r e s p o n s e s c o u l d t h e n be s u b t r a c t e d f rom each o t h e r which has t h e 

e f f e c t o f common components r e l a t e d t o each a c t i v e e l e c t r o d e and 

r e f e r e n c e e l e c t r o d e c a n c e l l i n g each o t h e r , l e a v i n g t h e d e s i r e d 

component of i n t e r e s t . I t can be s i m p l i f i e d by i l l u s t r a t i n g w i t h 

t h e e q u a t i o n 

(A - r e f ) - (B - r e f ) = A - B 

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

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

were u s e d ; Pz , A1, A2, RLL ( r i g h t lower l i d ) , LLL ( l e f t lower l i d ) . 

r e c o r d e d w e r e : -

1) Pz - LLL 

2) P z - RLL 

3) A1 - LLL 

4) A2 - RLL 

5) AT - A 2 

The p r e v i o u s a m p l i f i e r s e t t i n g s , a s s t a t e d in t h e m e t h o d o l o g y , were 

used in t h i s e x a m i n a t i o n . The v i s u a l s t i m u l u s were t h e r ed L .E .D. 

g o g g l e s . 

F i g u r e 23 shows t h e r e s p o n s e s o b t a i n e d w i t h l e f t eye s t i m u l a t i o n t o 

g o g g l e f l a s h w i t h s e p a r a t i o n ( o f f - l i n e o r o n - l i n e ) of t h e ERG f rom 

t h e e a r l y v i s u a l evoked p o t e n t i a l s . Two r u n s a r e r e c o r d e d in o r d e r 

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

c l o s e d . 

Tak ing t h e t o p t r a c e o f f i g u r e 23 , Pz - LLL l e f t eye s t i m u l a t e d 

c l e a r l y shows t h e ERG r e s p o n s e t o g o g g l e f l a s h s t i m u l i whe reas t h e 

r e s p o n s e f rom Pz - RLL shows no c l e a r l y i d e n t i f i a b l e ERG, a l t h o u g h a 

component of s i m i l a r l a t e n c y t o t h e e a r l y v i s u a l evoked p o t e n t i a l i s 

p r e s e n t i n Pz - RLL d e r i v a t i o n and l a t e r components ( 6 8 - 1 3 0 msec) 

a r e c l e a r l y i d e n t i f i e d f rom bo th r e c o r d i n g s s u g g e s t i n g t h a t t h e s e 

a r e p r o b a b l y t h e c o r t i c a l r e s p o n s e s d e s c r i b e d by C iganek and o t h e r s , 

(waves I I I , IV and V) t o f l a s h s t i m u l i . 
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Responses AT - ILL and A2 - RLL a g a i n show t h a t t h e ERG i s o n l y seen 

f rom t h e eye s t i m u l a t e d , OS (AT - LLL) even though l a t e r components 

s i m i l a r in p o l a r i t y and l a t e n c y b u t showing lower a m p l i t u d e a r e in 

e v i d e n c e a g a i n i n d i c a t i n g t h e c o r t i c a l l y g e n e r a t e d (waves I I I , IV 

and V) f l a s h VEP and t h e p o t e n t i a l d i s t r i b u t i o n of t h i s evoked 

r e s p o n s e t o r e c o r d i n g o r r e f e r e n c e e l e c t r o d e s i t e s (A1 and A2) 

m a s t o i d p r o c e s s e s . 

In o r d e r t o s e p a r a t e t h e ERG f rom t h e e a r l y v i s u a l o r o s c i l l a t o r y 

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

T r a c e 1 (Pz - LLL) - T r a c e 3 (A1 - LLL) = (Pz - Al) 

The r e s u l t i s c l e a r l y d e m o n s t r a t e d i s t r a c e 5 of f i g u r e 23 . Th i s 

shows t h e e a r l y components which c a n n o t be r e l a t e d t o t h e ERG 

o s c i l l a t o r y p o t e n t i a l s . The l a s t t r a c e shows t h e evoked r e s p o n s e of 

t h e e l e c t r o d e d e r i v a t i o n (Al - A2) which i s of v e r y low a m p l i t u d e 

and has a p o s i t i v e component a t a p p r o x i m a t e l y 85 msec , a n e g a t i v e 

component a t 102 msec f o l l o w e d by a f u r t h e r p o s i t i v e 120 msec 

d e f l e c t i o n . 

These components were o f such low a m p l i t u d e , even a b s e n t in some 

i n s t a n c e s , a s t o be n e g l i g i b l e when compared t o t h e r e s p o n s e s 

o b t a i n e d f rom o t h e r d e r i v a t i o n s . The main r e a s o n f o r t h i s a p p a r e n t 

low a m p l i t u d e ( o r a b s e n t ) r e s p o n s e i s t h a t , w h i c h e v e r eye i s 

s t i m u l a t e d , t h e d i p o l e s p o s t c h i a s m i c a l l y a r e of o p p o s i t e p l a n e s , 

opposed a t 180° t o each o t h e r , t h e r e b y t h e r e s p o n s e s measured a t 

t h e s e l o c a t i o n s w i l l t e n d t o c a n c e l each o t h e r o u t . For t h i s 

r e a s o n , combined e l e c t r o d e s (Al + A2) a r e s u i t a b l e f o r use a s a 

r e f e r e n c e s i t e . 

F i g u r e 24 shows t h r e e r e s p o n s e s ; t h e f i r s t two t r a c e s t h e ERG i s 

d e m o n s t r a t e d b u t when t h e s e two r e s p o n s e s a r e s u b t r a c t e d , t h e 

' h i d d e n ' component i s c l e a r l y i d e n t i f i e d , i n d i c a t i n g t h a t t h i s 

evoked r e s p o n s e i s n o t g e n e r a t e d by t h e r e t i n a o r p r e - c h i a s m a l 

s t r u c t u r e s , b u t i s g e n e r a t e d by p o s t - c h i a s m a l o r c o r t i c a l s t r u c t u r e s . 
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F u r t h e r e v i d e n c e t h a t t h e o s c i l l a t o r y p o t e n t i a l s a r e g e n e r a t e d f rom 

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

b i l a t e r a l l y t o monocu la r s t i m u l a t i o n . A l so of i n t e r e s t i s t h a t a 

component of s i m i l a r l a t e n c y t o t h e e a r l y v i s u a l o r o s c i l l a t o r y 

p o t e n t i a l s was r e c o r d e d in t h e Pz - RLL d e r i v a t i o n t o l e f t eye (OS) 

s t i m u l a t i o n i n d i c a t i n g f u r t h e r t h a t t h e r e i s no c o n t r i b u t i o n f rom 

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

s u b - c o r t i c a l l y o r c o r t i c a l l y . 

S e l e c t i v e F i l t e r i n g 

I f t h e s e r e s u l t s had been o b t a i n e d u s i n g a n a r r o w e r bandwid th 

i n s t e a d of 5 - 1 5 0 0 Hz, t h e n t h e l a r g e n e g a t i v e o f f s e t on which t h e 

o s c i l l a t o r y p o t e n t i a l s a r e s u p e r i m p o s e d , cou ld have been f i l t e r e d 

o u t making l a t e n c y and a m p l i t u d e measurements e a s i e r . The m a j o r 

r e a s o n s f o r n o t do ing so was no t t o i n t r o d u c e t i m i n g e r r o r s and 

p h a s e d i s t o r t i o n s i n t o t h e evoked r e s p o n s e . L a t e r r e s u l t s w i l l be 

shown in which t h e e f f e c t of s e l e c t i v e l y f i l t e r i n g t h e r e s p o n s e can 

i n t r o d u c e l a t e n c y e r r o r s . 

As p r e v i o u s l y m e n t i o n e d , t h e m e t h o d o l o g i e s of v a r i o u s w o r k e r s a r e 

v e r y d i f f e r e n t . One of t h e most c o n s i s t e n t d i f f e r e n c e s be tween 

a u t h o r s i s t h e use of f i l t e r s and a m p l i f i e r b a n d w i d t h s r a n g i n g f rom 

30-1000 Hz, 100-2500 Hz, 1 - 1 0 0 0 Hz, 60-200 Hz, 30-500 Hz, 66-700 Hz 

and 100-1500 Hz f o r each s t u d y . In t h i s i n v e s t i g a t i o n t h e bandwid th 

of t h e a m p l i f i e r s was 5 - 1 5 0 0 Hz f o r a l l measurements r e c o r d e d . 

To s e e i f s e l e c t i v e f i l t e r i n g on t h e evoked r e s p o n s e c o u l d be of 

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

componen t s , t h e e f f e c t of d i f f e r e n t low and h igh p a s s f i l t e r s was 

d e t e r m i n e d . 

I n i t i a l l y , t h e e f f e c t o f f i l t e r s on a c o n s t a n t s i g n a l such as a 

s q u a r e wave of known a m p l i t u d e s h o u l d be i n v e s t i g a t e d . Th i s i s 

shown in f i g u r e 25 where t h e e f f e c t s of c h a n g i n g t h e low f r e q u e n c y 

f i l t e r ( h i g h p a s s f i l t e r ) and k e e p i n g t h e h igh f r e q u e n c y f i l t e r ( low 

p a s s f i l t e r ) c o n s t a n t and v i c e v e r s a . 

80 



08-as 
M O / A H 

000"01 
Aia/sw 

=) o 
CO 

Z o 
CO oc 
Lu ZH009%-ZHS Anees lyoew; 

cc 
CO 

3 o 

z 
hH c 

u 
[zJ 

E-<c 
a 

N N r r N N N 
N N N r r r s @ s m @ (B If) 5 s s ® 

U) N 
I I 
U) U) in u) M u) in ID 

m j, in .0 r- m m m m m m m m m 

N N N 

m w u) 

S If) s 

u u 

> 
-* Q 
o s 
\ G) (H ' 
r m 

81 



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

h igh o r low f r e q u e n c y f i l t e r s has a l t e r e d t h e c a l i b r a t i o n s i g n a l , 

bo th in m o r p h o l o g y , l a t e n c y and a m p l i t u d e . I t has a l s o shown how 

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

of t h e componen t s . 

The e f f e c t of t h e bandwid th used in t h i s s t u d y , 5 - 1 5 0 0 Hz ( - 3 d B , 

1 2 d B / o c t a v e r o l l - o f f ) i s shown t o t h e l e f t of t h e f i g u r e f o r 

compari s o n . 

The e f f e c t s of f i l t e r changes on a p h y s i o l o g i c a l l y evoked s i g n a l i s 

i l l u s t r a t e d in f i g u r e s 26 and 27 . The evoked r e s p o n s e i s t o f l a s h 

( g o g g l e ) s t i m u l i w i t h t h e T 3 . 5 r e f e r e n c e d t o Cz d e r i v a t i o n . The 

e f f e c t s on t h e evoked r e s p o n e s a r e more r e l a t e d t o c h a n g i n g t h e h igh 

f r e q u e n c y ( low p a s s f i l t e r ) r a t h e r t han t h e low f r e q u e n c y ( h i g h p a s s 

f i l t e r ) . The h igh f r e q u e n c y v a l u e where changes a r e n o t e d i s a t 

325 Hz ( - 3 d B ) and t h e low f r e q u e n c y v a l u e where changes a r e a p p a r e n t 

i s a t 50 Hz. T h e r e f o r e , f o r optimum r e c o r d i n g of t h e e a r l y 

o s c i l l a t o r y p o t e n t i a l s t o v i s u a l ( f l a s h ) s t i m u l i a 50 -325 Hz 

bandwid th i s n e c e s s a r y . A l though na r row b a n d w i d t h s can be used t o 

e x c l u d e v a r i o u s components l i k e t h e ERG o r s low components of t h e 

c o r t i c a l f l a s h VEP t o enhance o t h e r components of i n t e r e s t , 

a c c i d e n t a l e x c l u s i o n o f components under i n v e s t i g a t i o n may a l s o 

o c c u r . 

Th i s i s why, in t h e o p i n i o n of t h e a u t h o r , t h e r e s p o n s e s evoked 

s h o u l d be a c q u i r e d w i t h a wide open a m p l i f i e r bandwid th o r t h e 

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

f i l t e r i n g would be t h e method of c h o i c e and can be p e r f o r m e d p o s t 

a c q u i s i t i o n i f a compu te r and m i c r o p r o c e s s o r t h a t can a c c e s s t h e 

d a t a i s a v a i l a b l e . 
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S t i m u l u s P r e s e n t a t i o n 

Monocular v e r s u s B i n o c u l a r S t i m u l a t i o n 

In monocu la r s t i m u l a t i o n , t h e a m p l i t u d e of t h e r e c o r d e d evoked 

r e s p o n s e s were of lower a m p l i t u d e (on a v e r a g e 20% l o w e r ) when 

compared w i t h b i n o c u l a r s t i m u l a t i o n w i t h t h e e x c e p t i o n of ERG. The 

ERG r e c o r d e d was equa l in a m p l i t u d e as t h e r e s p o n s e o b t a i n e d i s f rom 

a l l t h e c e l l s of t h e s t i m u l a t e d eye whereas t h e o s c i l l a t o r y o r e a r l y 

v i s u a l evoked p o t e n t i a l s w i l l be t h e r e s u l t of o n l y h a l f t h e 

p o p u l a t i o n of n e u r o n e s b e i n g s t i m u l a t e d wi th monocu la r p r e s e n t a t i o n 

due t o t h e d i v i s i o n of t h e o p t i c f i b r e s a t t h e o p t i c ch iasm t o t h e 

l e f t and r i g h t h e m i s p h e r e s . With b i n o c u l a r s t i m u l a t i o n , bo th v i s u a l 

pa thways t o t h e r i g h t and l e f t h e m i s p h e r e s c o n d u c t i m p u l s e s t o t h e 

o c c i p i t a l c o r t e x so t h e e f f e c t w i l l be an i n c r e a s e in a m p l i t u d e 

which in some i n s t a n c e s was d o u b l e t o t h a t of monocu la r s t i m u l a t i o n . 

The whole n e u r o n a l p o p u l a t i o n i s a v a i l a b l e f o r s t i m u l a t i o n by 

b i n o c u l a r s t i m u l a t i o n and t h e d i f f e r e n c e in a m p l i t u d e between 

monocu la r and b i n o c u l a r s t i m u l a t i o n can be a t t r i b u t e d t o t h i s f a c t . 

The r e a s o n f o r t h e d i f f e r e n c e in a m p l i t u d e can be a t t r i b u t e d t o t h e 

c o m p o s i t i o n of t h e l a t e r a l g e n i c u l a t e body i n t o s i x n u c l e a r l a y e r s 

w i t h l a y e r s 2 , 3 and 5 ( f r o m t h e i n s i d e o u t w a r d ) r e c e i v i n g s i g n a l s 

f rom t h e t empora l p o r t i o n of t h e i p s i l a t e r a l r e t i n a , w h i l e l a y e r s 1, 

4 and 6 r e c e i v e s i g n a l s f rom t h e n a s a l r e t i n a of t h e o p p o s i t e e y e , 

and t h e co lumnar o r g a n i s a t i o n of n e u r o n s in t h e v i s u a l c o r t e x . 

P a i r i n g of l a y e r s f rom t h e two eyes p l a y s a r o l e i n f u s i o n of v i s i o n 

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

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

s u p e r i m p o s e d o v e r each o t h e r in t h e s u c c e s s i v e l a y e r s . 

As p r e v i o u s l y d e s c r i b e d , t h e c o m p l e x i t y of t h e r e c e p t i v e f i e l d s a t 

each l e v e l of t h e v i s u a l pa thway becomes g r e a t e r f rom t h e c e l l s in 

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

p r i m a r y v i s u a l c o r t e x , t h e n e u r o n a l p o p u l a t i o n i s a r r a n g e d in 

co lumns , each column c o n t a i n i n g a b o u t 100 ,000 n e u r o n s , e x t e n d i n g 

t h r o u g h o u t t h e 6 l a y e r s . S i g n a l s f rom t h e l a t e r a l g e n i c u l a t e body 

t e r m i n a t e in l a y e r 4 and s e c o n d a r y s i g n a l s a r e t r a n s m i t t e d t o l a y e r s 

2 , 3 , 5 and 6 . 
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Most of t h e n e u r o n s in l a y e r 4 r e spond in a s i m i l a r way t o t h e c e l l s 

in t h e l a t e r a l g e n i c u l a t e body , t h a t i s t o s p o t s of l i g h t , b o r d e r s 

o r l i n e s . The n e u r o n s in t h e o u t e r and i n n e r l a y e r s a r e more 

s e l e c t i v e , r e s p o n d i n g t o l i n e s o r b o r d e r s o r i e n t e d in c e r t a i n 

d i r e c t i o n s . T h i s f u r t h e r d e g r e e of s e l e c t i v e r e s p o n s i v e n e s s i s 

a t t r i b u t e d t o t h e s i m p l e , complex and hypercomplex c e l l s t h a t 

r e s p o n d t o l i n e o r i e n t a t i o n , d i s p l a y e d l i n e o r i e n t a t i o n and l e n g t h 

of l i n e s o r b o r d e r s r e s p e c t i v e l y . 

V i s u a l s i g n a l s f rom t h e two s e p a r a t e eyes a r e r e l a y e d t h r o u g h 

s e p a r a t e l a t e r a l g e n i c u l a t e body n e u r o n a l l a y e r s . The s i g n a l s a r e 

s t i l l s e p a r a t e d f rom each o t h e r when t h e y a r r i v e i n t h e l a y e r 4 of 

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

i n t e r l a c e d w i t h each o t h e r , t h e s i g n a l s f rom one column b e g i n t o 

c o n v e r g e w i t h t h e s i g n a l s f rom a d j a c e n t columns so t h a t by t h e t i m e 

t h e complex and hypercomplex c e l l s a r e e x c i t e d , t h e s i g n a l s have 

merged , r e s u l t i n g in a l a r g e r a m p l i t u d e s i g n a l r e c o r d e d a t t h e 

s u r f a c e of t h e s c a l p when bo th eyes a r e s t i m u l a t e d . 

T h i s i s p e r h a p s why t h e a l t e r n a t i n g p a t t e r n c h e q u e r board i s t h e 

s t i m u l u s of c h o i c e when i n v e s t i g a t i n g t h e v i s u a l evoked p o t e n t i a l s 

as t h e main r e c o r d i n g a r e a f o r t h e p a t t e r n VEP i s f rom a r e a 17 where 

t h e h i g h e s t d e n s i t y of hypercomplex c e l l s i s e v i d e n t . T r a n s m i s s i o n 

of v i s u a l s i g n a l s f rom t h e p r i m a r y v i s u a l c o r t e x t o t h e v i s u a l 

a s s o c i a t i o n a r e a s (Brodmann a r e a s 18 and 19) o c c u r s where t h e v i s u a l 

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

t h e s e a r e a s can a l s o be r e c o r d e d b u t due t o t h e complex r e c e p t i v e 

f i e l d s of t h e n e u r o n s i n t h e s e a r e a s , t h e VEP r e c o r d e d o v e r a r e a s 18 

and 19 a r e of low a m p l i t u d e and p o o r l y d e f i n e d . S imple v i s u a l 

p a t t e r n s such as l i n e s , b o r d e r s o r a n g l e s f a i l t o c a u s e e x c i t a t i o n 

of s p e c i f i c n e u r o n s and t h e r e f o r e a minimal p o o r l y d e f i n e d evoked 

p o t e n t i a l i s r e c o r d e d a t s c a l p l o c a t i o n s o v e r a r e a s 18 and 19, even 

w i t h bo th eyes s t i m u l a t e d . Hence , b i n o c u l a r s t i m u l a t i o n t h a t 

a c t i v a t e s a l l l a y e r s of t h e l a t e r a l g e n i c u l a t e body and hence 

a d j a c e n t columns of p r i m a r y v i s u a l c o r t i c a l n e u r o n e s w i l l g i v e r i s e 

t o l a r g e r a m p l i t u d e evoked p o t e n t i a l s . However, monocu la r 

s t i m u l a t i o n i s of c l i n i c a l i m p o r t a n c e when t r y i n g t o d e t e c t 

a s y m m e t r i e s o f l a t e n c y , a m p l i t u d e o r morphology o f r e s p o n s e in t h e 

v i s u a l pa thways t o e s t a b l i s h l o c a l i s a t i o n of p a t h o l o g i c a l c h a n g e s . 
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The r e s u l t s of monocu l a r r i g h t eye and b i n o c u l a r p r e s e n t a t i o n a r e 

d e m o n s t r a t e d in f i g u r e 28 which shows t h e evoked r e s p o n s e s . 

Th i s shows t h e ERG in bo th i n s t a n c e s t o be of s i m i l a r a m p l i t u d e b u t 

t h e o s c i l l a t o r y o r e a r l y v i s u a l evoked p o t e n t i a l t o be of d i f f e r e n t 

a m p l i t u d e s b e i n g h i g h e s t a t e l e c t r o d e s Cz t o t h e F8, T4, T4 .5 and 

T6. To b i n o c u l a r s t i m u l a t i o n compared w i t h monocu la r l a t e r 

components t o t h e f l a s h s t i m u l i in T6, 02 and Oz d e r i v a t i o n a r e 

b e t t e r d e f i n e d in m o n o c u l a r s t i m u l a t i o n v e r s u s b i n o c u l a r s t i m u l a t i o n 

which may be t h e r e s u l t of t h e d i f f e r e n t o r i e n t a t i o n of t h e d i p o l e s 

w i t h i n t h e p o s t e r i o r p o r t i o n s ( M e y e r ' s loop and o p t i c t r a c t s ) of 

v i s u a l pa thways of t h e two h e m i s p h e r e s . The i n i t i a l n e g a t i v e 

d e f l e c t i o n (20 msec) seen in b i n o c u l a r s t i m u l a t i o n i s n o t in 

e v i d e n c e in monocu l a r s t i m u l a t i o n a t e l e c t r o d e s i t e s f rom T4 t h r o u g h 

t o Oz. Th i s would a g a i n i n d i c a t e a c u m u l a t i v e e f f e c t o f s t r u c t u r e s 

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

I t c o u l d be a r g u e d t h a t t h e waveform shown has t h e same p h a s e s w i t h 

n e g a t i v e and p o s i t i v e a t t h e Fpz-Cz d e r i v a t i o n as t h e Oz-Cz 

d e r i v a t i o n which would i n d i c a t e volume c o n d u c t i o n of t h e ERG. The 

e v i d e n c e i s a g a i n s t t h i s t h e o r y i n t h e monocu la r s t i m u l a t i o n 

i l l u s t r a t i o n showing no n e g a t i v e p o t e n t i a l a t a p p r o x i m a t e l y 20 msec , 

even though t h e ERG p o t e n t i a l i s of equal a m p l i t u d e in bo th fo rms of 

s t i m u l a t i o n . 

I f t h i s i s c o r r e c t t h e n t h e o r i g i n of t h e e a r l y v i s u a l evoked 

p o t e n t i a l s o r o s c i l l a t o r y waves can be more p r e c i s e l y l o c a t e d . The 

d e f i n i t i o n of t h e s e components and t h e i r p o t e n t i a l d i s t r i b u t i o n 

would i n d i c a t e t h a t t h e g e n e r a t o r of t h e s e e a r l y components t o 

v i s u a l ( f l a s h ) s t i m u l i must be l o c a t e d w i t h i n t h a t p o r t i o n of t h e 

v i s u a l pa thway whose d i p o l e s a r e o r i e n t a t e d in a f a n - l i k e p a t t e r n 

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

t h e maximum p o t e n t i a l a t e l e c t r o d e s Pz , and t o a l e s s e r d e g r e e Cz 

and Oz r e s p e c t i v e l y , r e g a r d l e s s o f which r e f e r e n c e i s u s e d . 
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F I G U R E 2 8 

EFFECT OF MONOCULAR OR BINOCULAR FLASH STIMULATION 

ON AMPLITUDE OF EARLY VISUAL EVOKED POTENTIALS 

MCNOCULAR STIMULATION - UPPER TRACES 

BINOCULAR STIMULATION - LOWER TRACES 

ERG INVERTED) 

BIN B"*: 

J I ! I L 

M S / D I V 

10.000 

U V / D I V 

S.00 



S t i m u l u s Rate and I n t e n s i t y 

A n o t h e r v a r i a b l e used in t h e i n v e s t i g a t i o n of t h e o s c i l l a t o r y o r 

e a r l y v i s u a l evoked p o t e n t i a l s i s t h e r a t e of s t i m u l u s 

p r e s e n t a t i o n . C r a c c o & C r a c c o (1978) found t h e optimum f l a s h 

f r e q u e n c y t o be 7 Hz. T h i s f r e q u e n c y was a l s o u t i l i s e d by S a n a r e l l i 

e t a l ( 1 9 8 8 , 1989) in t h e i r s t u d i e s . O t h e r w o r k e r s have used f l a s h 

s t i m u l a t i o n f r e q u e n c i e s v a r y i n g between 2 / s e c ( P r a t t e t a l 1982) up 

t o 3 5 / s e c (C iganek 1 9 6 0 ) . 

C iganek in 1960, c o n c e n t r a t i n g more on t h e c o r t i c a l l y g e n e r a t e d 

evoked p o t e n t i a l t o l i g h t f l a s h s t i m u l i , r e p o r t e d t h a t a t 

f r e q u e n c i e s below 10 Hz, a l l waves / componen t s of t h e P r i m a r y and 

S e c o n d a r y r e s p o n s e s ( I , I I , I I I , IV and V) were r e c o r d e d . Above 

10 Hz o n l y waves I , I I and I I c o u l d be r e l i a b l y r e c o r d e d w i t h t h e 

l a t e r waves becoming p o o r l y d e f i n e d o r even a b s e n t . 

I t was r e p o r t e d f rom p r e v i o u s work t h a t s t i m u l a t i o n r a t e does n o t 

have a m a j o r impac t on w h e t h e r t h e e a r l y o s c i l l a t o r y p o t e n t i a l s a r e 

r e c o r d e d . However in t h i s s t u d y , i n i t i a l l y , t h e s t i m u l a t i o n r a t e 

was s e t a t 4 . 7 / s e c o n d . The r e a s o n f o r s e l e c t i n g an odd number was 

t o r e d u c e t h e chance of t h e s t i m u l a t i o n r a t e , which i s t i m e locked 

t o t h e t r i g g e r of t h e a v e r a g e r , b e i n g s y n c h r o n o u s wi th 50 Hz mains 

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

f r e q u e n c i e s below 4 . 7 / s e c o n d a t 3 . 5 / s e c o n d and above a t 8 . 4 / s e c o n d 

and 1 1 . 5 / s e c o n d . See f i g u r e s 29 - 33 . The e l e c t r o d e d e r i v a t i o n s 

f o r r e c o r d i n g t h e e f f e c t of s t i m u l a t i o n r a t e on t h e evoked r e s p o n s e 

were t h e same as used t o s e p a r a t e t h e e a r l y v i s u a l p o t e n t i a l s namely 

channe l 1 : Rll - (Al + A2) ; channe l 2 : ILL - (Al + A2) ; 

channe l 3 : Pz - (Al + A2) ; channe l 4 : Pz - RLL. The t i m e b a s e f o r 

t h i s measurement was k e p t c o n s t a n t a t 120 msec and t h e f i g u r e s show 

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

ERG r e c o r d i n g c h a n n e l s and a l s o f o r t h e e a r l y v i s u a l p o t e n t i a l s . 
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Tak ing t h e r e s p o n s e s f rom s u b j e c t A f o r r a t e s a t 3 . 5 , 8 . 4 and 

1 1 . 5 / s e c o n d , t h e a m p l i t u d e of t h e ERG i s of h i g h e r a m p l i t u d e , 

a p p r o x i m a t e l y 10-15% i n c r e a s e , a t low f l a s h r a t e s which i s t o be 

e x p e c t e d as a t lower s t i m u l a t i o n r a t e s , h a b i t u a t i o n of t h e r e t i n a 

c e l l s i s n o t as marked as when s t i m u l a t e d by h i g h e r s t i m u l a t i o n 

r a t e s . 

With h igh s t i m u l a t i o n r a t e s , t h e ERG r e s p o n s e i s p r e d o m i n a n t l y 

p h o t o p i c i n o r i g i n . High s t i m u l a t i o n r a t e s a r e used in t h e 

a s s e s s m e n t of c o n e - m e d i a t e d r e t i n a l r e s p o n s e s , in t h e c l i n i c a l 

e n v i r o n m e n t by m e a s u r i n g t h e f l i c k e r ERG f u n c t i o n . The a m p l i t u d e of 

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

i n c r e a s e s which i s c o n s i s t e n t w i t h t h e f i n d i n g s in t h i s s t u d y of 

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

F u r t h e r m o r e , t h e a m p l i t u d e of t h e evoked r e s p o n s e in channe l 4 

(Pz - (A1 + A2) i s h i g h e r , a p p r o x i m a t e l y 40-50% h i g h e r , a t f a s t e r 

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

t h e r e s p o n s e i s b e t t e r d e f i n e d . No change in l a t e n c y of t h e e a r l y 

r e s p o n s e between t h e d i f f e r e n t s t i m u l a t i o n r a t e s was o b s e r v e d in any 

of t h e v o l u n t e e r s s t u d i e s , which f u r t h e r i m p l i e s t h a t t h e e a r l y 

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

c u r r e n t s p r e a d o r volume c o n d u c t i o n of t h e ERG t o more p o s t e r i o r 

r e g i o n s . 
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P a r t 11 

In t h i s s e c t i o n of t h e s t u d y , t h e G a n z f e l d s t i m u l a t o r was used in 

p l a c e of t h e r ed L .E .D. g o g g l e s . The main r e a s o n f o r t h i s change 

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

m a i n l y r ed and b l u e , p r e s e n t e d t o o b t a i n p h o t o p i c and s c o t o p i c 

r e s p o n s e s and t o f u r t h e r d e l i n e a t e t h e evoked r e s p o n s e i n t o ERG and 

' s u b - c o r t i c a l ' componen t s . 

The s t r o b e o u t p u t s p e c t r a f o r t h e N i c o l e t G a n z f e l d i s d e s c r i b e d in 

t h e p r e v i o u s s e c t i o n on m e t h o d o l o g y . 

The p a r a m e t e r s used f o r t h i s p a r t of t h e i n v e s t i g a t i o n a r e i d e n t i c a l 

e x c e p t t h e r a t e of s t i m u l a t i o n t o t h o s e used t o o b t a i n t h e EP w i t h 

r ed L .E .D. g o g g l e s . T h e r e f o r e , t h e o n l y change i s in t h e v i s u a l 

s t i m u l u s . Each s u b j e c t was t e s t e d w i t h d i f f e r e n t c o l o u r e d f i l t e r s , 

w i t h , w i t h o u t and w i t h v a r y i n g d e g r e e s of background i l l u m i n a t i o n , 

t o g e t h e r w i t h d i f f e r e n t l e v e l s of i n t e n s i t y . The G a n z f e l d i s much 

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

f l a s h e s a s t h e whole r e t i n a i s s t i m u l a t e d by t h e d i f f u s e r e f l e c t a n c e 

of t h e l i g h t f rom t h e dome of t h e G a n z f e l d . With L .E .D. g o g g l e s o r 

s t a n d a l o n e s t r o b o s c o p e s , o n l y p a r t of t h e r e t i n a i s s t i m u l a t e d , i e 

t h a t p a r t of t h e r e t i n a which i s a t r i g h t a n g l e s t o t h e i n c i d e n c e of 

t h e l i g h t s o u r c e . 

The e l e c t r o d e d e r i v a t i o n s were t h e same as t h o s e used in p r e v i o u s 

e x a m i n a t i o n s and t h e method of s u b t r a c t i o n of one channe l f rom a 

second channe l was used t o s e p a r a t e t h e ERG and o s c i l l a t o r y 

p o t e n t i a l s . 

F i g u r e 34 shows t h e r e s p o n s e s o b t a i n e d by u s i n g r e d and b l u e l i g h t 

a t two i n t e n s i t i e s . When s t i m u l a t i n g t h e s u b j e c t ' s eyes 

b i n o c u l a r l y , background i l l u m i n a t i o n a t 30 f o o t l a m b e r t s was used 

w i t h t h e r ed f i l t e r (Kodak W r a t t e n No 2 6 ) . With b l u e f i l t e r 

s t i m u l a t i o n (Kodak W r a t t e n No 4 7 ) , no background i l l u m i n a t i o n and a 

lower f l a s h r a t e f r e q u e n c y was employed . 
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This e n s u r e d t h a t w i t h t h e r ed f i l t e r p l u s background i l l u m i n a t i o n 

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

p h o t o p i c r e s p o n s e whereas w i t h t h e b l u e f i l t e r , no background 

i l l u m i n a t i o n and w i t h a lower f r e q u e n c y s t i m u l u s p r e s e n t a t i o n , t h e 

r e s p o n s e o b t a i n e d i s s c o t o p i c ( s e e f i g u r e 3 5 a ) . 

The p h o t o p i c ( cone r e s p o n s e ) ERG was b e s t r e c o r d e d w i t h a r ed l i g h t 

f l a s h , i n t e n s i t y of 1 . 5 log u n i t s ( 2 . 9 2 f t - L - S o r 10 .02 cd m-2S) w i t h 

background i l l u m i n a t i o n of 30 f o o t l a m b e r t s . The r e s u l t s show t h e 

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

v i s u a l p o t e n t i a l s f rom e l e c t r o d e d e r i v a t i o n Pz - A2. D e c r e a s i n g t h e 

s t i m u l u s i n t e n s i t y of t h e r ed f l a s h t o 0 . 7 5 l og u n i t s ( 0 . 6 2 f t - L - S o r 

2 . 1 1 cd m-2S) g r e a t l y r e d u c e d t h e p h o t o p i c ERG r e s p o n s e and t h e 

a m p l i t u d e of t h e e a r l y v i s u a l evoked p o t e n t i a l . 

I t s h o u l d be n o t e d t h a t t h e d e c r e a s e in i n t e n s i t y r e s u l t e d in an 

i n c r e a s e in t h e l a t e n c y of t h e a -wave of t h e ERG f rom 16-17 msec t o 

2 3 - 2 5 msec) b u t no s i g n i f i c a n t change in l a t e n c y of t h e e a r l y v i s u a l 

EP was o b s e r v e d (35 msec a t 1 . 5 l og v e r s u s 37 msec a t 0 . 7 5 log 

i n t e n s i t y ) . 

Us ing t h e b l u e l i g h t s t i m u l u s , no background i l l u m i n a t i o n and lower 

s t i m u l a t i o n r a t e ( 1 . 3 / s e c ) , t h e s c o t o p i c ( r o d r e s p o n s e ) ERG was 

r e c o r d e d a t bo th i n t e n s i t i e s . No a m p l i t u d e d i f f e r e n c e be tween t h e 

two i n t e n s i t i e s was o b s e r v e d b u t a d e f i n i t e l a t e n c y s h i f t of on 

a v e r a g e 10 msec ( i n t e n s i t y 0 . 7 5 log u n i t s ) t o 25 msec ( i n t e n s i t y 1 . 5 

l og u n i t s ) was n o t e d i n a l l eyes t e s t e d . The e a r l y v i s u a l 

o s c i l l a t o r y p o t e n t i a l s t o b l u e f l a s h s t i m u l i were o f much lower 

a m p l i t u d e compared t o t h e r e d f l a s h s t i m u l i . At i n t e n s i t y 0 . 7 5 log 

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

b a s e l i n e , which a l t h o u g h r e p r o d u c i b l e be tween s u c c e s s i v e r u n s and 

s u b j e c t s had a mean l a t e n c y of 50 msec and a v e r a g e a m p l i t u d e r a n g e 

of 0 . 5 uV - 1 . 0 uV. I t was d i f f i c u l t t o r e a l l y e s t a b l i s h t h e peaks 

o r t r o u g h s of t h i s component and t h e mean l a t e n c y measured f o r t h i s 

p o t e n t i a l c o u l d n o t be r e l i a b l y i d e n t i f i e d i n a l l s u b j e c t s . 
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FIGURE 35(a) 
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FIGURE 35(b) 

CHANGING THE INTENSITY OF THE FLASK EFFECTS, THE AMPLITUDE AND CONFIGURATION 

OF THE EARLY VISUAL OSCILLATORY POTENTIALS 
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At f l a s h i n t e n s i t y 1 . 5 log u n i t s , t h e e a r l y v i s u a l o s c i l l a t o r y 

p o t e n t i a l s t o b l u e l i g h t s t i m u l a t i o n were much b e t t e r d e f i n e d h a v i n g 

a W shaped c o n f i g u r a t i o n . The mean l a t e n c i e s f o r t h e PI ( P 2 0 ) , N1 

(N27) , P2 ( P 3 7 ) , N2 (N44) components were 36 msec , 45 msec , 55 msec 

and 60 msec r e s p e c t i v e l y . The d i f f e r e n c e between t h e r ed and b l u e 

r e s p o n s e s may be t h e r e s u l t of t h e cones b e i n g more s e n s i t i v e t han 

t h e r o d s t o t h e r ed end of t h e s p e c t r u m . In a d d i t i o n , by u s i n g 

background i l l u m i n a t i o n of 30 f o o t l a m b e r t s , o n l y t h a t p a r t of t h e 

ERG r e l a t e d t o cone f u n c t i o n i s d e t e r m i n e d and m e a s u r e d . The 

a m p l i t u d e s between t h e components of t h e e a r l y v i s u a l o s c i l l a t o r y 

p o t e n t i a l s t o t h e r ed and b l u e f l a s h s t i m u l i a r e shown in t h e 

f o l l o w i n g t a b l e : -

Pl-Nl N1-P2 P2-N2 N2-P3 

Red f l a s h 1 . 5 log + 

background 30 f t l s 3 .5 -4uV 2-3uV 1.5-2uV 4-6uV 

Blue f l a s h 1 . 5 l og 3-5uV 3-5uV 2-2 .5uV 1.5-3uV 

The m a j o r and s i g n i f i c a n t a m p l i t u d e d i f f e r e n c e t o red and b l u e f l a s h 

s t i m u l i on t h e e a r l y v i s u a l o s c i l l a t o r y p o t e n t i a l s i s in t h e N2 - P3 

s e c t i o n of t h e evoked r e s p o n s e b e i n g h i g h e r f o r a red t h a n f o r a 

b l u e f l a s h s t i m u l u s . The o t h e r N - P a m p l i t u d e measurement s showed 

no s i g n i f i c a n t d i f f e r e n c e which would lend s u p p o r t t h a t t h e o r i g i n 

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

which has an i n p u t bo th f rom t h e r o d s and c o n e s . By r e c o r d i n g t h e 

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

r e t i n a which i s volume c o n d u c t e d and has a wide t o p o g r a p h i c 

d i s t r i b u t i o n . 

F i g u r e 35b shows t h e evoked r e s p o n s e s r e c o r d e d t o v a r y i n g l e v e l s of 

i n t e n s i t y f rom 0 . 2 5 l og u n i t s t o 1 . 5 log u n i t s f o r r ed and b l u e 

f l a s h e s . The r e s p o n s e t o a w h i t e f l a s h , i n t e n s i t y 0 . 2 5 log u n i t s i s 

shown f o r c o m p a r i s o n . Th i s shows a much more s i n u s o i d a l waveform 

w i t h s h o r t e r l a t e n c i e s b u t s i m i l a r morphology t o t h e r ed f l a s h 

i n t e n s i t y 1 . 5 log u n i t s w i t h o u t b a c k g r o u n d . 
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I t s h o u l d be n o t e d t h a t t h e evoked r e s p o n s e s t o a r ed f l a s h 

s t i m u l u s , w i t h and w i t h o u t background i l l u m i n a t i o n , a l t h o u g h s i m i l a r 

in morpho logy , t h e r e s p o n s e w i t h no background i l l u m i n a t i o n has a 

much h i g h e r a m p l i t u d e be tween t h e PI - N1 componen t s . F i g u r e 36 

shows in more d e t a i l t h e t y p e of r e s p o n s e (ERG and e a r l y v i s u a l 

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

( r o d s o r c o n e s ) . 

Having i d e n t i f i e d , e s t a b l i s h e d and c o n f i r m e d t h a t e a r l y o s c i l l a t o r y 

p o t e n t i a l s can be r e c o r d e d t o a v i s u a l ( f l a s h ) s t i m u l u s , i t was 

c o n c l u d e d t h a t a d d i t i o n a l v a r i a b l e s shou ld be i n v e s t i g a t e d . The 

e f f e c t s on r e c o r d i n g t h e evoked r e s p o n s e i n v e s t i g a t e d were eyes open 

and eyes c l o s e d ; w i t h and w i t h o u t background i l l u m i n a t i o n . F i n a l l y , 

a measure of t h e power and f r e q u e n c y s p e c t r a of t h e ERG, e a r l y 

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

r e s p o n s e was p e r f o r m e d . 

R e s u l t s o b t a i n e d were d i v i d e d i n t o t h e f o l l o w i n g c a t e g o r i e s 

l a ) Red f l a s h i n t e n s i t y log 1 . 5 background i l l u m i n a t i o n 30 f t 

l a m b e r t s - eyes open 

l b ) Red f l a s h i n t e n s i t y l og 1 . 5 background i l l u m i n a t i o n 30 f t 

l a m b e r t s - eyes c l o s e d 

2a) Red f l a s h i n t e n s i t y l og 1 . 5 no background i l l u m i n a t i o n - eyes 

open 

2b) Red f l a s h i n t e n s i t y log 1 . 5 no background i l l u m i n a t i o n - eyes 
c l o s e d 

3a ) Blue f i l t e r i n t e n s i t y l og 1 . 5 background i l l u m i n a t i o n 30 f t 

l a m b e r t s - eyes open 

3b) Blue f i l t e r i n t e n s i t y l og 1 . 5 no background i l l u m i n a t i o n - eyes 

open 
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F I G U R E 3 6 

SUBCORTICAL FLASH EVOKED POTENTIAL (Pz-AJ 
and ELECTRORETINOGRAM (Aj -LOWER LID) TO 
TO BLUE OR RED FLASH (RODS OR CONES) 

AMPLITUDE CALIBRATION 

5MV 

2.5/iV 

5mV for BLUE 
2.5//V for RED 

BLUE 

AS -

10 mS 
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In a l l c a t e g o r i e s , t h e e l e c t r o d e d e r i v a t i o n used i s Pz r e f e r e n c e d t o 

(AT + A2) ; b i n o c u l a r s t i m u l a t i o n ; r a t e 4 . 7 / s e c ; IFF = 5 Hz; 

HFF = 1500 Hz; a m p l i f i e r s e n s i t i v i t y = lOOuV; r u n s of 300 sweeps 

were a v e r a g e d t o check r e p r o d u c i b i l i t y and t hen added t o g e t h e r . The 

r e s u l t s a r e shown in f i g u r e s 3 7 - 4 2 . 

Examining the r e s u l t s o f t e s t 1 ( f i g u r e s 37 and 3 8 ) , red f l a s h 

s t i m u l u s i n t e n s i t y log 1 . 5 w i t h 30 f o o t l a m b e r t s background 

i l l u m i n a t i o n w i t h eyes open and c l o s e d showed t h a t t h e wide open 

f i l t e r e d r e s p o n s e s were of s i m i l a r morpho logy , e s p e c i a l l y t h e f i r s t 

4 components h a v i n g t h e same number of n e g a t i v e and p o s i t i v e 

p h a s e s . The m a j o r d i f f e r e n c e was t h e l a t e r components p r o b a b l y o f 

c o r t i c a l g e n e r a t i o n (N145) . Th i s component was w i d e s p r e a d and 

d i f f u s e l a s t i n g a p p r o x i m a t e l y 45 msec on a v e r a g e when t h e eyes were 

c l o s e d . With eyes o p e n , t h e l a t e r components were b e t t e r s e p a r a t e d 

and s i n u s o i d a l making i d e n t i f i c a t i o n , l a t e n c y and a m p l i t u d e 

measurement s e a s i e r . The power s p e c t r a was d i f f e r e n t f o r eyes open 

and c l o s e d , b e i n g maximal a t 1 8 . 7 Hz f o r eyes open t o 8 . 9 Hz f o r 

eyes c l o s e d . D i g i t a l l y f i l t e r i n g t h e r e s p o n s e s (LFF = 30 Hz, HFF = 

100 Hz) c l e a r l y enhanced t h e o s c i l l a t o r y p o t e n t i a l s . 

The r e s u l t s t o t h e second t e s t ( f i g u r e 39 and 40) a r e t o a red f l a s h 

s t i m u l u s , no background i l l u m i n a t i o n b u t w i t h eyes open o r c l o s e d . 

The e a r l y o s c i l l a t o r y p o t e n t i a l s a r e wel l d e f i n e d , b e i n g of s l i g h t l y 

h i g e r a m p l i t u d e w i t h t h e eyes c l o s e d . The maximal power s p e c t r u m 

o c c u r e d a t 9 . 7 6 Hz f o r eyes c l o s e d and a t 11 .39 Hz f o r eyes o p e n . 

In t e s t c a t e g o r y 3 ( b l u e f i l t e r i n t e n s i t y log 1 . 5 , eyes o p e n , w i t h 

and w i t h o u t background i l l u m i n a t i o n , 30 f o o t l a m b e r t s ) , t h e evoked 

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

' o s c i l l a t i o n s ' o c c u r e d w i t h a background i l l u m i n a t i o n of 30 f o o t 

l a m b e r t s a s compared w i t h no background i l l u m i n a t i o n . F u r t h e r m o r e , 

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

background I l l u m i n a t i o n . The power s p e c t r a was d i f f e r e n t f o r t h e 

two t e s t c o n d i t i o n s b e i n g maximal a t 4 . 8 8 Hz f o r background 

i l l u m i n a t i o n and 13 .02 Hz f o r t h e no background p a r a m e t e r . 
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In t h e p r e c e e d i n g e x a m i n a t i o n s , t h e p a r a m e t e r s which c o u l d be 

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

p o t e n t i a l s a r e t h e f o l l o w i n g : -

1. Wide open a m p l i f i e r bandwid th t o a c q u i r e raw d a t a t h e n 

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

2 . H i g h e s t f l a s h i n t e n s i t y p o s s i b l e . 

3 . Background i l l u m i n a t i o n equal t o o r g r e a t e r t h a n 30 f o o t 

l a m b e r t s . 

4 . Pz - (A1 + A2) e l e c t r o d e d e r i v a t i o n . 

5 . B i n o c u l a r o r monocu l a r s t i m u l a t i o n f o r l a t e r a l i s a t i o n d e t e c t i o n . 

6 . P e r f o r m t e s t w i t h eyes o p e n . 

7 . R e p e t i t i o n r a t e a t 4 . 7 / s e c o n d . 

8 . White o r red l i g h t f l a s h s t i m u l u s . 

The r e s u l t s of t h e power s p e c t r a l a n a l y s i s between each t e s t 

c a t e g o r y show t h a t t h e m a j o r f r e q u e n c y component which i s g e n e r a t e d 

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

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

of background l uminance and a l s o t h e added e f f e c t of c l o s i n g t h e 

e y e s . C l o s i n g t h e eyes e f f e c t i v e l y r e d u c e s t h e i n t e n s i t y of t h e 

f l a s h s t i m u l u s and i n t r o d u c e s a ' r e d ' f i l t e r between t h e s t i m u l u s 

s o u r c e and t h e e y e / r e t i n a , which w i l l a l t e r t h e w a v e l e n g t h of l i g h t 

used in t h e G a n z f e l d . 

By m e a s u r i n g t h e power s p e c t r a of t h e combined r e c o r d i n g f o r t h e 

e l e c t r o r e t i n o g r a m , e a r l y v i s u a l o s c i l l a t o r y p o t e n t i a l s ( s u b - c o r t i c a l 

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

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

k e e p i n g t h e same a m p l i f i e r and r e c o r d i n g p a r a m e t e r s f o r e v o k i n g 

t h e s e t h r e e p o t e n t i a l s , t h e evoked p o t e n t i a l s a r e g e n e r a t e d by t h r e e 

s e p a r a t e s t r u c t u r e s w i t h i n t h e v i s u a l pa thway . 
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F i g u r e s 43 - 45 show t h e power s p e c t r u m f o r t h e s k i n ERG, t h e 

o s c i l l a t o r y p o t e n t i a l s and t h e f l a s h VEP ( o c c i p i t a l c o r t e x ) w i t h 

f requency peaks a t 7 . 3 2 3 Hz, 2 2 . 3 5 Hz (w i th harmonic a t 4 5 . 2 Hz) and 

8 .61 Hz r e s p e c t i v e l y . The f r e q u e n c y s p e c t r a shown a r e t h e r e s u l t of 

a d d i n g a l l t h e r e s p o n s e s o b t a i n e d f rom t h e v o l u n t e e r s and each 

i n d i v i d u a l r e s p o n s e and f r e q u e n c y s p e c t r u m compared . Wi thou t d o u b t , 

t h e e a r l y v i s u a l o s c i l l a t o r y p o t e n t i a l s can be r e c o r d e d f rom s c a l p 

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

Many i n v e s t i g a t o r s have shown t h e s e p o t e n t i a l s t o be o s c i l l a t o r y and 

s i n u s o i d a l in m o r p h o l o g y , w i t h t h e d e g r e e of o s c i l l a t i o n b e i n g v e r y 

d e p e n d a n t on t h e a m p l i f i e r f i l t e r bandwid th used in each me thod . 

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

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

found maximal a t o r v e r y c l o s e t o t h e e l e c t r o d e p o s i t i o n Pz of t h e 

I n t e r n a t i o n a l 10-20 sys t em of e l e c t r o d e p l a c e m e n t ( J a s p e r 1 9 5 8 ) . 

Ev idence f rom t h i s s t u d y has a l s o d e m o n s t r a t e d t h a t t h e e a r l y v i s u a l 

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

r e t i n a which i s in k e e p i n g w i t h t h e work of Ha rd ing & R u b i n s t e i n 

( 1 9 8 8 , 1989) b u t have a s u b c o r t i c a l g e n e r a t o r . S a n a r e l l i e t a l 

c o n c l u d e d in t h e i r work t h a t t h e e a r l y v i s u a l o s c i l l a t o r y p o t e n t i a l s 

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

p o s t e r i o r t o Cz e l e c t r o d e p o s i t i o n b u t c o u l d be r e c o r d e d f rom 

e l e c t r o d e p o s i t i o n s o v e r t h e f r o n t a l s c a l p . In a d d i t i o n , t h e y a l s o 

found o s c i l l a t o r y w a v e l e t s o v e r t h e f r o n t a l s c a l p p o s i t i o n s a l t h o u g h 
of r e d u c e d a m p l i t u d e in p a t i e n t s s u f f e r i n g f rom r e t i n o p a t h i e s l i k e 

r e t i n i t i s p i g m e n t o s a , where t h e ERG was n o n - r e c o r d a b l e . 

These r e s u l t s i n d i c a t e d t h a t in t h e p r e s e n c e of a normal f l a s h ERG 

i t i s d i f f i c u l t t o d e f i n e which p a r t of t h e s c a l p r e c o r d e d , s h o r t 

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

in s u b - c o r t i c a l v i s u a l s t r u c t u r e s . 
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The e v i d e n c e f rom t h i s s t u d y c o n c l u d e s t h a t t h e e a r l y v i s u a l 

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

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

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

b u t may have some o v e r l a p w i t h t h e p r i m a r y r e s p o n s e of t h e 

c o r t i c a l l y g e n e r a t e d f l a s h VEP (waves I , I I , I I I ) . The e v i d e n c e f o r 

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

f rom t h e ERG, t h a t t h e r e s p o n s e i s r e c o r d e d b i l a t e r a l l y t o monocu la r 

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

s t i m u l a t i n g t h e r o d s and cones s e p a r a t e l y and in c o m b i n a t i o n , 

f r e q u e n c y a n a l y s i s shows a f r e q u e n c y d i f f e r e n c e f o r t h e ERG, 

o s c i l l a t o r y p o t e n t i a l s and t h e c o r t i c a l FVEP and t h e s c a l p 

d i s t r i b u t i o n e x c l u d e s a r e t i n a l s o u r c e . 

I t i s in t h e o p i n i o n of t h e a u t h o r t h a t e v e r y e f f o r t shou ld be made 

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

s t i m u l i when i n v e s t i g a t i n g p a t i e n t s t h a t p r e s e n t w i t h l e s i o n s of t h e 

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

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

o s c i l l a t o r y p o t e n t i a l s can h e l p d i f f e r e n t i a t e between l e s i o n s i n 

d i f f e r e n t s e c t i o n s o f t h e v i s u a l pa thway (Borda 1 9 7 7 ) , f rom t h e 

r e t i n a t h r o u g h s u b - c o r t i c a l s t r u c t u r e s t o t h e v i s u a l c o r t e x . 

F u r t h e r work i s r e q u i r e d t o e v a l u a t e t h e e f f e c t i v e n e s s of t h i s 

t e c h n i q u e on s e l e c t e d g r o u p s of p a t i e n t s each s u f f e r i n g w i t h a 

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

Knowing t h e s i t e s of t h e l e s i o n s f rom CT s c a n n i n g o r n u c l e a r 

r e s o n a n c e imaging o r t h e c l i n i c a l h i s t o r y and a p p l y i n g t h i s 

t e c h n i q u e w i l l r e v e a l more i n f o r m a t i o n on t h e e x a c t g e n e r a t o r as t o 

t h e s o u r c e of t h e s e e a r l y v i s u a l o s c i l l a t o r y p o t e n t i a l s in humans. 
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APPENDIX A 

Pages 117 - 121 Examples of combined n o n - c o r n e a l ERG and 

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

f l a s h s t i m u l u s ( L . E . D . g o g g l e s ) 

Pages 122 - 124 Program w r i t t e n f o r N i c o l e t P a t h f i n d e r f o r 

t h i s s t u d y 
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%*%* PAGE 081 **%* 8 8 : 17 :59 0 8 / 2 5 / 8 6 

SCROLL 
PRINT • 
PRINT " 
PRINT " 
PRINT • 
PRINT • 
PRINT " 
PRINT " 
PRINT " 
PRINT • 
PRINT " 
PRINT • 
PRINT • 
PRINT • 
PRINT " 
PRINT • 
PRINT • 
PRINT ' 
PRINT " 
INPUT " 
SET SYS 

X X X GUESP.CMD X X X 
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 
X X X 
X X X DEPARTMENT OF C L I N I C A L NEUROPHYSIOLOGY 
X X X WESSEX NEUROLOGICAL CENTRE 
X X X S O U T H A M P T O N GENERAL HOSPITAL 
XXX 
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

X X X 
X X X 
X X X 
X X X 
X X X 

X X X 
X X X 
X X X 
X X X 
X X X 
X X X 

GOGGLE FLASH VISUAL EP 
CH 
CH 
CH 
CH 

A l - L L L 
T 3 . 5 - C 2 
01 -C3 
02-C4 

X X C H 2 
XX CH 4 
XX CH 6 
X X 

A2-RLL 
T 4 . 5 - C Z 
OZ-CZ 

X X X 
X X X 
X X X 
X X X 
X X X 
X X X 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 
X X X SENSIT IV ITY " TO SENS END 

: R £ M \ C W = 2 \ C H N "2"=5\TRG=M\MST=20\TME=150\SWP " B " = 5 0 0 
TRG "2"==N\TME " 2 " = 1 7 8 \ D L Y " 8 ' = 0 \ A R T = O N 
BIND NULL GVP 
SET STIM :RAT=4.7 ;OUR=I00 ;GAT=0;MOO=0 

END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 

SET AMP " 1" :HBP=1500 ;L8P=5 ;CAL=0 
SET AMP " 2 " :HBP=1500;LBP=5;CAL=0 
SET AMP 3 " :HBP=1500;LBP=30;CAL=0 
SET AMP " 4 " :HBP=1500 ;LBP=30;CAL=0 
SET A M P 5 ;HBP=580 ;LBP=5;CAL=0 
SET AMP " 6 " : H B P = 5 0 0 ; L B P = 5 ; C A L = 0 
SET AMP " 7" :HBP=500;LBP=5;CAL=0 
SET AMP " 1" : » ^S=200 ;NCH=0 
SET AMP " 2 * :SNS=200;NCH=0 
SET A M P 3 :SNS="SENS;NCH=0 
SET AMP « ^ w :SNS="SENS;NCH=0 
SET AMP " 5 " :SNS="SENS;NCH=0 
SET AMP " 6 " :SNS=-^SENS;NCH=8 
SET AMP " 7" ;SNS="SENS;NCH=8 
PRINT • * * * * • END 
PRINT " x x x x x x x x " END 
PRINT " x x x x RTl X X RT2 X X RTRPT X X X X " END 
PRINT - x x x x LT1 X X LT2 X X LTRPT X X X X • END 
PRINT " x x x x XXXX " END 
INPUT • x x x x ENTER SEQUENCE REQUIRED " T O RESP END 

I F RESP = " R T l " THEN 
SET GVP :M0D=3 
S P L I T \ G A I N = 4 
DSP A1 A2 A3 A4 AS A6 A7 \ZAP 
AVE A1 A2 &AVE2 " 3 A3-A7&\DATE 
INPUT " X X X X X NAME 
RMK A 1=00 A l - L L L X ELECTRORETINOGRAM 
RMK A2=0D A 2 - R L L X "NAME 
RMK A3=0D T 3 . 5 - C Z X VESP 

TO NAME END 

RMK A3=0D T 3 . 5 - C Z 
RMK A5=0D 0 1 - C 3 X 

X VESP\RMK A4=0D T 4 . 5 - C Z X "NAME 
GOGGLE FVP 
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* * % X P A G E 0 8 2 * X X X 0 8 : 1 7 : 5 9 0 8 / 2 5 / 8 6 

RMK A6=0D 0 2 - C 4 X "NAME 
RMK A7=0D OZ-CZ % GOGGLE FLASH VEP 
DATE 
PRINT " X X X X * SIMULTANEOUS GOGGLE FLASH ERG VEP VESP XXXX * END 

ENDIF 
I F RESP = "RT2" THEN 

SET GVP :M0D=3 
S P L I T \ G A I N = 4 
DSP A3 A4 B3 B4\ZAP B1 -B7 
AVE B1 82 &AVE2 " 3 " B3 -B7& \DATE 
OVR A3 B3\0VR A4 B4 \BLC 
RMK B1«0D A l - L L L X ERG 2\RMK B2=0D A2 -RLL % ERG 2 
RMK B3=GD T 3 . 5 - C Z X VESP 2\RMK B4=0D T 4 . 5 - C Z X VESP 2 
RMK B5=0D 0 1 - C 3 X GVP 2\RMK B&=OD 0 2 - C 4 X GVP 2 
RMK B7=0D OZ-CZ X GVP 2 
PRINT " XXXX GOGGLE FLASH ERG VEP VESP XXXXX " END 

ENDIF 
I F RESP = " L T l " THEN 

SET GVP :M0D=2 
S P L I T \ G A I N = 4 
DSP A I - A 7 \ Z A P 
AVE A1 A2 &AVE2 " 3 " A 3 - A 7 & \ D A T E 
INPUT " XXXX NAME : - " T O NAME END 
RMK A1=0S A l - L L L X "NAME 
RMK A2=0S A 2 - R L L X ELECTRORETINOGRAM 
RMK A3=0S T 3 . 5 - C Z X "NAME 
RMK A4=0S T 4 . 5 - C Z X VESP 
RMK A5=0S 0 1 - C 3 X " N f ^ E \ R M K A6=0S 0 2 - C 4 X GOGGLE FVP 
RMK A7=0S OZ-CZ X GVP 
PR INT " XXXX GOGGLE FLASH VEP ERG VESP XXXX " END 

ENDIF 
I F RESP = " L T 2 " THEN 

SET GVP :M0D=2 
S P L I T \ G A I N = 4 
DSP A3 A4 B3 B4\ZAP B1 -B8 
AVE B1 62 &AVE2 " 3 B3 -B7& \DATE 
RMK B1=0S A l - L L L X ERG 2\RMK B2=0S A 2 - R L L X ERG 2 
RMK B3=0S T 3 . 5 - C Z X VESP 2\RMK B4=0S T 4 . 5 - C Z X VESP 2 
RMK 8 5 = 0 3 0 1 - C 3 X GVP 2\RMK B&=OS 0 2 - C 4 X GVP 2 
RMK 8 7 = 0 5 OZ-CZ X GVP 2 
PRINT " XXXX GOGGLE VEP ERG VESP XXXX ' END 

ENDIF 
I F RESP = "RTRPT" THEN 

SET GVP ;M0D=3 
SWP= 180 
S P L I T \ G A I N = 4 
DSP A3 A4 83 B4\BLC 
AVE A1 A2 kAVE2 "3" A 3 - A 7 & \ D A T E 
OVR A3 B3 \0VR A4 B4 \BLC 
PRINT " XXXX GOGGLE VEP ERG VESP XXXX " END 
WAIT AVEXWAIT AVE2 
AVE B1 82 kAVE2 " 3 " B3 -B7& \DATE 
PRINT " XXXX GOGGLE VEP ERG VESP XXXX " END 

ENDIF 
I F R E S P = "LTRPT" THEN 

1 2 3 



%%** PAGE 003 X**% 0 8 : 1 7 : 5 9 0 a / 2 5 / 8 6 

SET GVP :M0D=2\SWP= 198 
S P L I T \ G A I N = 4 
DSP A3 8 3 A4 B4\BLC 
AVE A1 A2 LAVE2 " 3 " AA7&\DATE 
OVR A3 B3 \0VR A4 B4 \BLC 
PRINT • %X*% GOGGLE VEP ERG VESP **%% " END 
WAIT AVEXWAIT AVE2 
AVE 8 1 8 2 kAVE2 " 3 " B 3 - 8 7 & \ B L C \ D A T E 
PRINT • * X X * GOGGLE VEP ERG VESP XXXX " END 

ENDIF 
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