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O nce you  feel it, you  see it: In su la  and 
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T h e  in te rp la y  b e tw een  th e  n eu ra l m ech an ism s o f  v isua l aw aren ess an d  th o se  in v o lv ed  in 
em o tio n  p ro cess in g  an d  th e  m ap p in g  o f  re la ted  so m a tic  ch an g es  rem a in s u n c lear. To 

ad d ress  th is  issu e  w e  s tu d ied  o n e  p a tie n t w ith  v isu a l ex tin c tio n  fo llo w in g  r ig h t parie ta l 

d am ag e , in a  co m b in ed  b eh av io ra l, p sy c h o p h y sio lo g ica l an d  n eu ro im a g in g  ex perim en t. 
P a tie n t M .P . w a s  p re sen ted  w ith  n eu tra l an d  fea rfu l b o d ily  ex p ress io n s , e ith e r  u n ila te ra lly  

in th e  le f t (L V F ) o r  r ig h t v isua l fie ld  (R V F ), o r in b o th  v isua l f ie ld s s im u ltan eo u sly . F earfu l 

ex p ress io n s  p re sen ted  in th e  le f t v isua l fie ld  s im u ltan eo u s ly  w ith  n eu tra l b o d ie s  in th e  R V F 
w e re  d e tec ted  m o re  o ften  th an  le ft-s id e  n eu tra l b o d ies . S ignal d e tec tio n  a n a ly s is  show ed  

th a t th e  p re fe ren tia l acce ss o f  fearfu l b o d ie s  to  v isua l a w aren ess  is re la ted  to  h ig h er 
p ercep tu a l sen sitiv ity  fo r th ese  s tim uli d u rin g  a tten tio n a l c o m p e titio n . P up il d ila tion , 

w h ich  in d ex es  a u to n o m ic  a ro u sa l, in c rease d  fo r fearfu l m o re  th an  fo r n eu tra l bod ies. 

M o reo v e r, d ila tio n  fo r e x tin g u ish ed  fea rfu l b o d ie s  w as  b ig g e r than  fo r co n sc io u sly  
p erce iv ed  fearfu l b o d ies . T h is  d eco u p lin g  b e tw een  (in c rea sed ) a ro u sa l an d  ( la c k  of) 

c o n sc io u s  v isua l e x p e rien ce  a rg u es ag a in s t a  d irec t re la tio n sh ip  b e tw een  v isua l aw aren ess 
o f  em o tio n a l sign a ls  and  p e rip h e ra l chan g es . N e u ro im a g in g  re su lts  show ed  th a t fearfu l 

b o d ie s  ac tiv a ted  th e  le ft am y g d a la  an d  ex tra s tr ia te  c o rtex  w h en  co n sc io u sly  p erce iv ed  as 

w e ll as w h en  ex tin g u ish ed . C ritica lly , h o w ev er, co n sc io u s p ercep tio n  o f  fea rfu l b o d ie s  w as 
u n iq u e ly  a sso c ia ted  w ith  ac tiv ity  in th e  an te rio r  in su la , so m a to sen so ry , m o to r and  p re ­

m o to r co rtex  (P M C ), an d  th e  ce reb e llu m . T h is  su g g e sts  th a t th e  in teg ra tio n  b e tw een  p e ­

r ip h e ra l a ro u sa l an d  th e  m o m en t-to -m o m en t m ap p in g  a t th e  cen tra l n eu ra l lev e l o f  these  
b o d ily  ch an g es  is  c ritica l fo r th e  co n sc io u s  v isua l e x p e rien ce  o f  em o tio n a l signals.
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1 . Introduction

T h e  in te r a c t io n  b e tw e e n  e m o tio n ,  p h y s io lo g ic a l  a ro u s a l ,  a n d  

p e rc e p tu a l  a w a re n e s s  h a s  b e e n  a  c e n tr a l  th e m e  in  n e u r o ­
sc ie n c e  s in c e  th e  c la s s ic  J a m e s -L a n g e  th e o ry , w h ic h  p r o ­

p o s e d  th a t  th e  e s s e n c e  o f  e m o tio n  r e s id e s  in  th e  c o n s c io u s  
p e r c e p t io n  o f  in te ro c e p tiv e  ( i .e ., v is c e ra l)  a n d  s e n s o ry -m o to r  

c h a n g e s  in  th e  b o d y  ( J a m e s , 1884). C o n te m p o ra ry  n e u r o ­
im a g in g  a n d  le s io n  s tu d ie s  p ro v id e  c o m p e l l in g  e v id e n c e  th a t  

th e  b r a in  r e g io n s  im p lic a te d  in  e m o tio n  p e rc e p t io n  p a r t ly  

o v e r la p  th o s e  m a p p in g  in te ro c e p tiv e  b o d ily  s ta te s  (C r i tc h le y , 
2 0 0 5 ) . F o r  e x a m p le , th e  a m y g d a la , w h ic h  p la y s  a  p iv o ta l  ro le  

in  th e  p e r c e p t io n  o f  e m o tio n a l  s t im u li ,  a ls o  e n g e n d e rs  
a u to n o m ic  re s p o n s e s  to  th r e a t  s t im u li  (P h e lp s  &  L e D o u x , 

2 0 0 5 ) , a n d  its  a c t iv i ty  c o r re la te s  w ith  th e  in te n s i ty  in  

a ro u s a l  c h a n g e s  in d u c e d  b y  fe a r fu l  e x p re s s io n s  (C r i tc h le y , 
M a th ia s ,  &  D o la n , 2 0 0 2 ; W il l ia m s  e t  a l .,  2 0 0 1 ) . O n  th e  o th e r  

h a n d ,  d a m a g e  to  th e  in s u la  o r  to  s o m a to s e n s o ry  c o r t ic e s , 
w h ic h  a re  p r im a ry  ta rg e ts  o f  in te ro c e p tiv e  a n d  m u s c u lo ­

s k e le ta l /s k in  a f fe re n ts  (C ra ig , 2 0 0 9 ; K h a ls a ,  R u d ra u f , 

F e in s te in , &  T ra n e l ,  2 0 0 9 ) , m a y  im p a ir  e m o tio n  p e rc e p t io n  
(A d o lp h s , D a m a s io ,  T ra n e l ,  C o o p e r , &  D a m a s io , 2 0 0 0 ; C a ld e r ,  

K e a n e , M a n e s ,  A n to u n , &  Y o u n g , 2 0 0 0 ; C o u to  e t  a l .,  2 0 1 3 ) , 
a l th o u g h  th e  b e h a v io ra l  c o n s e q u e n c e s  o f  in s u la r  d a m a g e  

v a ry  c o n s id e ra b ly  d e p e n d in g  o n  le s io n  e t io lo g y  o r  in v o lv e ­

m e n t  o f  th e  u n d e r ly in g  w h ite  m a t te r  ( Ib a n e z , G le ic h g e r rc h t , 
&  M anes, 2010).

C u r re n tly , th e  in te rp la y  b e tw e e n  th e  n e u ra l  m e c h a n is m s  
o f  v is u a l  a w a re n e s s  a n d  th o s e  in v o lv e d  in  e m o tio n  p ro c e s s in g  

a n d  in  th e  m a p p in g  o f  r e la te d  so m a tic  c h a n g e s  r e m a in s  u n ­
c le a r . T h e re  is  e v id e n c e  th a t  e m o tio n a l  s t im u li  a re  p r io r i t iz e d  

fo r  a t te n t io n a l  s e le c t io n  a n d  m a y  g a in  p r iv ile g e d  a c c e s s  to  

v is u a l  a w a re n e s s  c o m p a re d  to  e m o tio n a lly  n e u tr a l  s t im u li  

th ro u g h  a  m o d u la to ry  in f lu e n c e  o f  th e  a m y g d a la  o v e r  a re a s  
a lo n g  th e  v e n tr a l  v is u a l  s tre a m  (C a ta n i ,  D e ll 'a c q u a , &  T h ie b a u t  

d e  S c h o tte n , 2 0 1 3 ; C r i tc h le y  e t  a l .,  2 0 0 2 ; d e  G e ld e r ,  F lo rte n s iu s , 

&  T a m ic tto , 2 0 1 2 ; M o rris , F ris to n , e t a l., 1998; P csso a , K a s tn c r, 

&  U n g e r le id e r ,  2 0 0 2 ; R o l ls ,  2 0 1 4 ; T a m ie tto  &  d e  G e ld e r , 2 0 1 0 ; 

T a m ie tto , G e m in ia n i ,  G e n e ro , &  d e  G e ld e r ,  2 0 0 7 ; T a m ie tto  
e t  a l .,  2 0 0 5 ; V u il le u m ie r ,  2 0 0 5 ; V u i l le u m ie r  e t  a l .,  2 0 0 2 ; 

V u il le u m ie r ,  R ic h a rd s o n ,  A rm o n y , D r iv e r ,  &  D o la n ,  2 0 0 4 ) . 

F lo w e v e r , th e  p o s s ib le  r o le  o f  p h y s io lo g ic a l  a ro u s a l  a n d  r e la te d  

c o r t ic a l  d y n a m ic s  in  lo w e r in g  th e  th r e s h o ld  fo r  s t im u lu s  
a w a re n e s s  h a s  n e v e r  b e e n  d ire c tly  in v e s tig a te d . I n  f a c t, 

a u to n o m ic  o r  e x p re s s iv e  c h a n g e s  a n d  a m y g d a la  a c tiv i ty  h a v e  

b o th  b e e n  r e p o r te d  d u r in g  c o n s c io u s  a s  w e l l  a s  n o n c o n s c io u s  

v is u a l  p e r c e p t io n  o f  th e  e l ic i t in g  s t im u lu s , th e re b y  su g g e s tin g  
th a t  p h y s io lo g ic a l  a ro u s a l  a n d  a c tiv ity  in  lim b ic  a re a s  m a y  n o t  

b e  c r i t ic a l  to  sh a p e  th e  c o n te n t  o f  a w a re n e s s  (A n d e rs  e t  a l., 

2 0 0 9 ; C r itc h le y  e t  a l.,  2 0 0 2 ; E s te v e s ,  D im b e rg , &  O h m a n , 

1 9 9 4 ; d e  G e ld e r , v a n  H o n k , &  T a m ie tto , 2 0 1 1 ; G la s c h e r  &  
A d o lp h s ,  2 0 0 3 ; M o rr is , O h m a n , &  D o la n , 1 9 9 8 ; T a m ie tto  

e t  a l .,  2 0 0 9 ; T a m ie tto  &  d e  G e ld e r ,  2 0 1 0 ; W h a le n  e t  a l .,  1998). 

T h is  r a is e s  th e  in tr ig u in g , th o u g h  la rg e ly  u n e x p lo re d  p o s s i ­

b i l i ty ,  th a t  th e  m o m e n t- to -m o m e n t  m a p p in g  a t  th e  c e n tra l  
n e u ra l  le v e l  o f  o n g o in g  p h y s io lo g ic a l  c h a n g e s , r a th e r  th a n  

th e s e  p e r ip h e ra l  c h a n g e s  p e r  s e ,  m a y  r e f le c t  th e  n e u ra l  

s ig n a tu re  o f  c o n s c io u s  p e r c e p t io n  o f  e m o tio n a l  s tim u li.

A s id e  f ro m  th e  e m o tio n  d im e n s io n , r e c e n t  s tu d ie s  p ro v id e  
p r e l im in a ry  s u p p o r t  to  th e  p u ta t iv e  ro le  o f  in te ro c e p tio n  a n d  

s e n s o ry -m o to r  r e p re s e n ta t io n s  in  g a tin g  a t te n t io n a l  s e le c tio n  

a n d  v is u a l  a w a re n e s s . In  fa c t ,  th e  m a p p in g  o f  in te ro c e p tiv e  
s ig n a ls  in  th e  a n te r io r  in s u la  h a s  b e e n  a s s o c ia te d  w ith  r e o r ­

ie n tin g  o f  a t te n t io n  to  v is u a l  s t im u li  a n d  s e e m s  s e le c tiv e ly  
l in k e d  to  v is u a l  a w a re n e s s , a s  th is  a c tiv i ty  is  n o t  r e p o r te d  

d u r in g  la p s e s  o f  a t te n t io n  o r  w h e n  th e  s t im u lu s  g o e s  u n d e ­

te c te d  (K ra n c z io c h , D e b e n e r ,  S c h w a rz b a c h , G o e b e l ,  &  E n g e l,  
2 0 0 5 ; W e is s m a n , R o b e r ts ,  V is s c h e r ,  &  W o ld o r f f ,  2 0 0 6 ) . M o r e ­

o v e r ,  d u r in g  o b s e rv a tio n  o f  a m b ig u o u s  a n d  b is ta b le  s t im u li , 
a c t iv i ty  in  th e  a n te r io r  in s u la  h a s  b e e n  r e la te d  to  s p o n ta n e o u s  

c h a n g e s  o f  c o n s c io u s  p e r c e p t io n  a n d  o c c u r r e d  e a r l ie r  th a n  
a c tiv ity  in  e x tra s tr ia te  v is u a l  c o r te x  (S te rz e r  &  K le in s c h m id t,  

2 0 0 7 ) . T h is  te m p o ra l  p re c e d e n c e  s u g g e s ts  th a t  in s u la  a c tiv i ty  

p a r t ic ip a te s  in  in i t ia t in g  sp o n ta n e o u s  sh if ts  o f  c o n s c io u s  
p e r c e p t io n ,  r a th e r  th a n  b e in g  th e  c o n s e q u e n c e  o f  it. L a s tly , th e  

a n te r io r  in s u la  a n tic ip a te s  im p e d in g  s t im u lu s  s ig n if ic a n c e  
a n d  p r e p a re s  th e  b o d y  fo r  th e  se n so ry  a n d  a f fe c t iv e  im p a c t  o f  

in c o m in g  s t im u la tio n  (L o v e ro , S im m o n s , A r o n ,  &  P a u lu s , 

2 0 0 9 ) .

In  th is  c o n te x t ,  th e  s tu d y  o f  n e u ro lo g ic a l  p a t ie n ts  w ith  
d e f ic i ts  in  a t te n t io n a l  s e le c t io n  o f fe r s  a  u n iq u e  o p p o r tu n ity  to  

in v e s tig a te , w i th o u t  c h a n g in g  a n y  s t im u lu s  p a r a m e te r  o r  ta s k  
d e m a n d s , n a tu r a l ly  o c c u r r in g  d y n a m ic s  o f  v is u a l  a w a re n e s s  

u n d e r  c o n d it io n s  o f  m u lt ip le  in p u ts  c o m p e tin g  fo r  a t te n t io n  

(B a r to lo m e o , 2 0 0 7 ; C o rb e t ta  &  S h u k n a n , 2 0 0 2 ) . A s  i t  h a p p e n s , 
p a t ie n ts  w ith  v is u a l  e x t in c tio n  fo llo w in g  r ig h t  t e m p o r o ­

p a r ie ta l  le s io n  th a t  s p a re s  v is u a l  a re a s , c o n s c io u s ly  p e r c e iv e  
a  s t im u lu s  in  e i th e r  th e  le f t  o r  r ig h t  s id e , i f  i t  is  p r e s e n te d  

s in g ly  ( D r iv e r  &  M a ttin g le y , 1 9 9 8 ). H o w e v e r ,  w h e n  tw o  s t im u li  

a re  p r e s e n te d  s im u lta n e o u s ly  a n d  b ila te ra l ly , th u s  c o m p e tin g  
f o r  a t te n tio n a l  s e le c t io n , th e  le f t  c o n tra le s io n a l  s t im u lu s  is 

o f te n  e x t in g u is h e d  f ro m  a w a re n e s s .
In  a  p r e v io u s  b e h a v io ra l  s tu d y  w ith  th r e e  su c h  p a t ie n ts ,  w e  

r e p o r te d  th a t  d u r in g  b i la te r a l  s t im u la tio n , p ic tu r e s  o f  fe a r fu l  

b o d ily  e x p re s s io n s  p re s e n te d  to  th e  le f t  s id e  w e re  c o n s c io u s ly  
d e te c te d  m o re  o f te n  th a n  p ic tu r e s  o f  n e u tr a l  b o d y  a c tio n s  

(T a m ie t to  e t  a l .,  2 0 0 7 ) , a k in  to  w h a t  w a s  p re v io u s ly  sh o w n  

w ith  f a c ia l  e x p re s s io n s  (V u il le u m ie r  e t  a l., 2 0 0 2 ; V u i l le u m ie r  &  
S c h w a r tz , 2 0 0 1 ; W il l ia m s  &  M a ttin g le y ,  2 0 0 4 ) . T h e  u s e  o f  

b o d i ly , in s te a d  o f  fa c ia l ,  e x p re s s io n s  is  p a r t ic u la r ly  r ip e  fo r  
in v e s tig a t io n  o f  th e  n e u ra l  b a s e s  o f  v is u a l  a w a re n e s s  a n d  th e ir  

p o s s ib le  c o u p lin g  w ith  m e c h a n is m s  e n c o m p a s s in g  in te r ­

o c e p t io n  a n d  s e n s o ry -m o to r  r e p re s e n ta t io n  o f  b o d ily  s ta te s . 
I n  fa c t ,  c o m p a re d  to  f a c ia l  e x p re s s io n s  o r  to  m o re  c o m p le x  

e m o tio n a l  s c e n e s , th e  p e r c e p t io n  o f  f e a r fu l  b o d ily  e x p re s s io n s  
p r im e s  th e  o b s e rv e r  f o r  a c t io n  a n d  e v o k e s  r e s p o n s e s  in  a re a s  

r e la te d  to  th e  r e p re s e n ta t io n  o f  b o d y  m o v e m e n t  ( m o to r  a n d  
p r e m o to r  c o r te x  (P M C )) , so m a to s e n s o ry  p e rc e p t io n , a n d  

in te ro c e p t io n  ( in s u la )  (B o rg o m a n e r i ,  G a z z o la , &  A v e n a n t i ,  

2 0 1 2 ; d e  G e ld e r ,  2 0 0 6 ; d e  G e ld e r  e t  a l .,  2 0 1 2 ; d e  G e ld e r ,  
S n y d e r , G re v e , G e ra rd , &  H a d j ik h a n i ,  2 0 0 4 ; K re t ,  P ic h o n , 

G re z e s , &  d e  G e ld e r ,  2 0 1 1 ; K re t ,  S te k e le n b u rg , R o e lo f s , &  d e  
G e ld e r , 2 0 1 3 ; V a n  d e n  S to c k  e t  a l.,  2 0 1 1 ).

T h e re f o r e ,  in  th e  p r e s e n t  s in g le - c a s e  s tu d y  w e  a d d r e s s  tw o  
f u n d a m e n ta l  q u e s t io n s  r e g a r d in g  th e  i n te r a c t io n  b e tw e e n  

e m o t io n  p r o c e s s in g ,  p e r ip h e r a l  a r o u s a l  a n d  v i s u a l  a w a r e n e s s



in  a  c o m b in e d  b e h a v io ra l ,  p s y c h o p h y s io lo g ic a l  a n d  n e u r o ­

im a g in g  e x p e r im e n t. F ir s t ,  w e  in v e s tig a te  th e  in f lu e n c e  o f  

le v e ls  o f  p e r c e p tu a l  a w a re n e s s  f o r  n e u tr a l  a n d  fe a r fu l  b o d ily  

e x p re s s io n s  o n  a u to n o m ic  a ro u s a l ,  a s  in d e x e d  b y  p u p i l  d i la ­
t io n . S e c o n d , w e  e x a m in e  h o w  v is u a l  a w a re n e s s  a n d  p e r ip h ­

e ra l  c h a n g e s  a re  c o u p le d  w ith  b r a in  a c t iv i ty  w h e n  fe a r fu l  a n d  

n e u tr a l  b o d ie s  a re  d isp la y e d .

2 . Methods

2 .1 . P a tie n t

P a t ie n t  M .P . is  a  r ig h t-h a n d e d  7 1 -y e a r -o ld  m a le  w ith  8  y e a r s  
e d u c a t io n  w h o  s u f fe re d  a n  is c h e m ic  le s io n  to  th e  r ig h t  

h e m is p h e re  5 m o n th s  b e fo re  th e  p r e s e n t  s tu d y . T h e  le s io n  is 

c e n te r e d  o n  th e  s u p ra m a rg in a l  g y ru s  in  th e  in f e r io r  p a r ie ta l  

lo b u le  ( IP L ). I t  e x te n d s  a n te r io r ly  a n d  m a in ly  su b c o r t ic a lly , 
in v o lv in g  th e  s u p e r io r  lo n g i tu d in a l  f a s c ic u lu s , b u t  a lso  

in c lu d in g  th e  in f e r io r  p a r t  o f  th e  p o s tc e n tra l  a n d  p r e c e n tra l  

g y ru s , a s  w e l l  a s  th e  p o s te r io r  a n d  in f e r io r  p a r t  o f  th e  in su la . 

T h e  p o s te r io r  b o u n d a ry  o f  th e  le s io n  is  a lo n g  th e  b o rd e r s  w ith  
th e  a n g u la r  g y ru s , w h i le  i t  e x te n d s  v e n tra l ly  to  th e  p o s te r io r  

p a r t  o f  th e  s u p e r io r  te m p o ra l  g y ru s , to  th e  tr a n s v e r s e  te m ­

p o ra l  g y ru s  a n d  r e a c h e s  th e  p o s te r io r  a n d  s u p e r io r  m a rg in  o f  

th e  m id d le  te m p o ra l  g y ru s  th a t ,  h o w e v e r , r e m a in s  la rg e ly  
in ta c t  ( s e e  F ig . 1).

O n  n e u ro lo g ic a l  e x a m in a t io n  h e  s h o w e d  r e l ia b le  v is u a l  

e x t in c t io n  o f  le f t  s t im u li ,  in ta c t  v is u a l  f ie ld s , a n d  m ild  h e m i-  
s p a t ia l  n e g le c t .  T h e  p a t ie n t  s c o re d  w ith in  th e  n o rm a l  r a n g e  

(2 8 /3 0 )  in  th e  M in i  M e n ta l  S ta te  E x a m in a tio n  (M M S E )  f o r  th e

d ia g n o s is  o f  th e  g e n e ra l  c o g n it iv e  fu n c tio n s  (F o ls te in , F o ls te in , 

&  M c F Iu g h , 1975). B e fo re  th e  p r e s e n t  e x p e r im e n t,  v is u a l  f ie ld  

d e f e c ts  a n d  v is u a l  e x t in c t io n  w e re  fo rm a lly  a s s e s s e d  s e p a ­
ra te ly  fo r  th e  u p p e r  a n d  lo w e r  q u a d ra n ts  w ith  a  c o m p u te r iz e d  
v e r s io n  o f  th e  v is u a l  p e r im e try  a n d  o f  th e  c o n fro n ta t io n  te s t, 
r e sp e c tiv e ly  (B is ia c h , C a p p a , &  V a lla r ,  1 9 8 3 ; B is ia c h ,  V a l la r ,  &  
G e m in ia n i ,  1 9 8 9 ). I n  b o th  te s ts ,  s t im u li  c o n s is te d  o f  sm a ll 

w h i te  c i r c le s  (1 ° ; s t im u lu s  lu m in a n c e : 95 cd /m ^ ) p r e s e n te d  
w e l l  a b o v e  lu m in a n c e  d e te c t io n  th r e s h o ld ,  a g a in s t  a  d a r k  
b a c k g ro u n d  (2  cd /m ^) a n d  o n  a  2 1 - in  c o m p u te r  m o n ito r .  I n  th e  

p e r im e try , th e  s t im u li  w e re  p r e s e n te d  s in g ly  fo r  3 0 0  m s e c  a t  
e a c h  o f  6 4  d i f fe r e n t  p o s i t io n s  in  r a n d o m  se q u e n c e  ( s ix te e n  

s t im u li  fo r  e a c h  o f  th e  fo u r  v is u a l  q u a d ra n ts ) .  M .P . w a s  
r e q u i re d  to  k e e p  s te a d y  f ix a t io n  o n  a  c e n tr a l  c ro s s  a n d  to  
r e p o r t  v e rb a lly  w h e n  a n y  s t im u lu s  c h a n g e  w a s  d e te c te d . T h is  
p r o c e d u re  e n a b le d  u s  to  m a p  th e  p a tie n t 's  v is u a l  f ie ld  w ith in  

a n  id e a l  g r id  sp a n n in g  24 ° o f  h o r iz o n ta l  a n d  2 0 °  o f  v e r t ic a l  
e c c e n tr ic i ty . M .P . te s tin g  s h o w e d  in ta c t  v is u a l  f ie ld s , m is s in g  
o n ly  fo u r  s t im u li  in  th e  u p p e r - le f t  q u a d ra n t  a n d  tw o  s t im u li  in  
th e  lo w e r  r ig h t  q u a d ra n t.

D u r in g  th e  c o n fro n ta t io n  te s t ,  th e  s t im u li  w e re  p r e s e n te d  
r a n d o m ly , e i th e r  u n i la te r a l ly  in  th e  p a t ie n t 's  le f t  (L V F )  o r  r ig h t  
v is u a l  f ie ld  (R V F ) , o r  to  b o th  v is u a l  f ie ld s  s im u lta n e o u s ly  

(b i la te ra l  s im u lta n e o u s  s t im u la tio n , B S S )  a t  8 ° o f  e c c e n tr ic i ty  

a lo n g  th e  h o r iz o n ta l  m e r id ia n  a n d  a t  5° a lo n g  th e  v e r t ic a l  
m e r id ia n . S c o re  r a n g e s  f ro m  0 (n o rm a l  v is io n , i f  th e  p a t ie n t  
m is s e s  le s s  th a n  s ix  c o n tr a le s io n a l  le f t  s t im u li  o u t  o f  tw e n ty  
c o r re c t ly  d e te c te d  ip s i le s io n a l  r ig h t  s t im u li  in  B S S )  to  3 ( s e v e re  
d e fe c t ,  i f  th e  p a t ie n t  m is s e s  m o re  th a n  tw e lv e  c o n tra le s io n a l  
s t im u li  o u t  o f  tw e n ty  c o r re c tly  d e te c te d  ip s i le s io n a l  s t im u li  in  
B S S ) . I n  th e  u p p e r  q u a d ra n t ,  th e  p a t ie n t  e x t in g u is h e d  e ig h t

F ig .  1 e  A )  C o r o n a l  a n a to m ic a l  s c a n s  o f  p a t i e n t  M .P . 's  b r a in .  T h e  l e s io n  c e n te r e d  o n  th e  r i g h t  p a r ie ta l  lo b e  i s  e v id e n t  

( T a la i r a c h  c o o r d in a te s  a re  g iv e n ) ;  B )  T r a n s v e r s a l  a n a to m ic a l  s c a n s ;  C )  3 -D  c o r t i c a l  r e c o n s t r u c t io n  o f  M .P . 's  r i g h t  h e m is p h e re .  
G y r i  a r e  s h o w n  in  l ig h t  g r a y ,  s u lc i  in  d a r k  g r a y ,  a n d  th e  l e s io n  is  d i s p la y e d  in  r e d .



c o n tra le s io n a l  s t im u li  o u t  o f  tw e n ty  c o r re c tly  d e te c te d  ip s i­
le s io n a l  s t im u li  in  B S S , le a d in g  to  a  sc o re  o f  1, w h ic h  ty p ic a lly  

in d ic a te s  v is u a l  e x tin c tio n . L ik e w is e ,  M .P . a lso  s c o re d  1 in  th e  

lo w e r  q u a d ra n t ,  m is s in g  n in e  c o n tra le s io n a l  s t im u li  in  B S S . 

H e m is p a t ia l  n e g le c t  w a s  a s s e s s e d  b y  th e  B e h a v io ra l  I n a t te n ­
t io n  T e s t  (B IT , c o n v e n t io n a l  p a r t ) ,  w h ic h  in c lu d e s  th e  lin e  

c ro s s in g  te s t ,  l e t te r  a n d  sh a p e  c a n c e lla t io n  te s ts ,  th e  lin e  

b is e c t io n  te s t ,  c o p y in g  o f  o b je c t  d r a w in g s  a n d  g e o m e tr ic a l  

sh a p e s , a n d  d ra w in g  f ro m  m e m o ry  (W ils o n , C o c k b u m , &  
H a ll ig a n , 1 987). O n  th is  te s t  th e  p a t ie n t  s c o re d  1 2 8 /1 4 6 , 

in d ic a tiv e  o f  m ild  n e g le c t .

2 .2 . S t im u l i  a n d  a p p a r a tu s

B o d y  s t im u l i  w e r e  t a k e n  f r o m  th e  s e t  d e v e lo p e d  a n d  v a l id a te d  
b y  V a n  d e n  S to c k  a n d  d e  G e ld e r  (2 0 1 1  ) in  w h ic h  f a c ia l  i n f o r ­
m a t io n  w a s  r e m o v e d  f r o m  b o d y  im a g e s  b y  b lu r r in g .  T h e  
w h o le  s e t  u s e d  in  th e  p r e s e n t  s tu d y  c o n s i s te d  o f  3 0  g r a y - s c a le ,  
w h o le - b o d y  p o s tu r e  im a g e s  ( h a l f  e x p r e s s in g  f e a r  a n d  h a l f  
d i s p la y in g  in s t r u m e n ta l ly  n e u t r a l  b o d y  a c t io n s )  ( s e e  F ig .  2 ). A ll  

s t im u l i  s u s ta in e d  a  v i s u a l  a n g le  o f  8 “ x  1 0 .5 “ a n d  h a d  a  m e a n  

lu m in a n c e  o f  2 5  c d /m ^ , t h e r e b y  r u l in g - o u t  a n y  in f lu e n c e  
r e la te d  to  d i f f e r e n c e s  in  lo w - le v e l  p e r c e p tu a l  p r o p e r t i e s ,  s u c h  
a s  b r ig h tn e s s  o r  s iz e . M e a n  lu m in a n c e  o f  th e  d a r k  b a c k g r o u n d  

w a s  15 cd /m ^ .
T h e  s t im u li  w e re  p ro je c te d  v ia  th e  M R -c o m p a t ib le  N o r -  

d ic N e u ro L a b 's  V is u a l  S y s te m  ( re f r e s h  ra te  85 H z ; F o V  30° 

h o r iz o n ta l ,  23 °  v e r t ic a l)  c o n n e c te d  to  a  s ta n d a rd  P C  th a t  
c o n tro lle d  s t im u lu s  p r e s e n ta t io n  w ith  E -P r im e  s o f tw a re . E y e  
m o v e m e n ts  a n d  p u p i l  d ia m e te r  w e re  m o n i to re d  w ith  a n  in ­
te g r a te d  e y e - tra c k in g  c a m e ra  th a t  a n a ly z e d  o n - l in e  m o n o c ­
u la r  p u p i l  a n d  c o m e a l  r e f le c tio n  ( sa m p lin g  ra te  6 0  H z ) .

2 .5 . P ro ced u re

P a t i e n t  M .P . w a s  t e s te d  w i th in  a  s ta n d a rd  e x t in c t io n  p a r a d ig m  
a n d  a  2  x  2  f a c to r ia l  d e s ig n  w i th  th e  f a c to r s  D is p la y  T y p e

(u n i la te ra l  v.s B S S )  a n d  E x p re s s io n  (n e u tra l  v s  f e a r fu l) ,  a d a p tin g  
fo r  fM R I p u rp o s e s  o u r  p re v io u s  b e h a v io ra l  p ro to c o l  (T a m ie tto  

e t  a l .,  2 0 0 7 ) . E a c h  tr ia l  s ta r te d  w i th  a  c e n tr a l  f ix a t io n  c ro s s  th a t  
tu rn e d  to  r e d  1  se c  b e fo re  s t im u lu s  p r e s e n ta t io n  to  e n s u re  

s te a d y  f ix a t io n  a n d  a t te n t io n  to  th e  ta s k . N e u t r a l  o r  fe a r fu l  

b o d ily  e x p re s s io n s  w e re  p r e s e n te d  fo r  2 2 3 .4  m s e c  ( i .e ., 18 
m o n i to r  r e f r e s h e s )  e i th e r  u n i la te r a l ly  in  th e  L V F  o r  R V F , o r  to  

b o th  v is u a l  f ie ld s  (B S S ). S t im u lu s  d u ra t io n  w a s  se t  d u r in g  a  
p r a c t ic e  p h a s e  w ith  d if fe r e n t  s t im u li  to  o b ta in  re l ia b le  

e x t in c t io n  o n  B S S  tr ia ls  (—5 0 % ), a n d  g o o d  d e te c t io n  o n  u n i ­

la te r a l  L V F  tr ia ls  (—9 0 % ). T h e  d u ra t io n  w a s  th e n  h e ld  c o n s ta n t  
th r o u g h o u t  th e  e x p e r im e n t  a n d  fo r  a ll  s t im u lu s  c o n d itio n s . 

T h e re  w e re  f o u r  ty p e s  o f  u n ila te r a l  d is p la y s , e a c h  p r e s e n te d  
fo r  30  tr ia ls  (a  n e u tr a l  o r  f e a r fu l  b o d ily  e x p re s s io n  in  th e  L V F ; 

a n d  a  n e u tr a l  o r  f e a r fu l  b o d ily  e x p re s s io n  in  th e  R V F ) ;  tw o  

ty p e s  o f  B S S  d is p la y s , e a c h  re p e a te d  fo r  6 0  t r ia ls  ( tw o  n e u tr a l  
b o d y  im a g e s  a lw a y s  sh o w in g  tw o  d if fe r e n t  n e u tr a l  a c tio n s , o r  

a  f e a r fu l  b o d i ly  e x p re s s io n  in  th e  L V F  a n d  a  n e u tr a l  e x p re s s io n  
in  th e  R V F ) ,  a n d  2 0  c a tc h  tr ia ls  w h e re  th e  f ix a t io n  c ro s s  w a s  

n o t  fo llo w e d  b y  an y  s t im u lu s . T h e  e x p e r im e n t  w a s  d iv id e d  in  

f iv e  s u c c e s s iv e  s e s s io n s  ( 6  m in  e a c h ) . O v e ra l l ,  2 6 0  ra n d o m iz e d  
tr ia ls  w e re  p r e s e n te d  w ith  a  m e a n  in te r -s t im u lu s  in te rv a l  ( IS I )  

o f  6 .8 5  se c , ra n d o m ly  j i t t e r e d  b e tw e e n  4  a n d  10 sec .

T h e  p a t ie n t  w a s  a s k e d  to  r e p o r t  v e rb a lly  th e  lo c a t io n  o f  th e  
s t im u li  ( i .e . ,  “ le f t” , “ r ig h t” , “b o th ”  s id e s , o r  “n o n e ” ) w ith o u t  

p a y in g  a t te n t io n  to  th e  n a tu r e  o r  th e  e m o tio n a l  c o n te n t  o f  th e  

s tim u li. E a c h  re s p o n s e  to  th is  p r im a ry  d e te c t io n  ta s k  w a s  
f o l lo w e d  b y  a  s e c o n d  ra t in g  ta s k  in  w h ic h  M .P . w a s  r e q u i r e d  to  

in d ic a te  h is  c o n f id e n c e  in  th e  p re v io u s  r e s p o n s e  o n  a  4 - p o in t  
sc a le  (1 '/4 “ le a s t  c o n f id e n t” ; 4  Vi “ m o s t  c o n f id e n t” ). A n  e x p e r i ­

m e n te r  in s id e  th e  s c a n n e r  ro o m  r e c o rd e d  th e  r e s p o n s e s  o n  a  
s c o re  sh e e t. N o ta b ly ,  th e  c h o ic e  o f  r e q u ir in g  a  v e rb a l ,  in s te a d  

o f  m o to r ,  r e s p o n s e  e n s u re s  th a t  r e c o rd in g  o f  n e u ra l  a c t iv i ty  

r e la te d  to  v is u a l  s t im u la t io n  c a n n o t  b e  a t t r ib u te d  to  v o lu n ta ry  
a c t io n  e x e c u tio n , su c h  a s  a  b u t to n  p re ss . T h is  is  im p o r ta n t  

b e c a u s e , b a s e d  o n  p re v io u s  n e u ro im a g in g  s tu d ie s  o f  h e a lth y  
s u b je c ts ,  w e  p re d ic te d  e n h a n c e d  a c tiv ity  in  m o to r  a re a s
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F ig . 2  e  E x a m p le s  o f  th e  b o d i ly  e x p r e s s io n s  u s e d  a s  s t im u li .  A )  F e a r f u l  b o d i ly  e x p r e s s io n s  f r o m  tw o  d i f f e r e n t  a c to r s ;  B ) 
N e u t r a l  b o d i ly  e x p r e s s io n s  d i s p la y in g  tw o  d i f f e r e n t  in s t r u m e n ta l  a c t io n s  ( l e f t  im a g e :  d r in k in g ;  r i g h t  im a g e :  p h o n e  c a l l in g ) .



in d u c e d  b y  p a s s iv e  e x p o s u re  to  f e a r fu l  b o d ie s  (d e  G e ld e r  e t  a l., 
2 0 0 4 ).

2 .4 . J M R I  a c q u is itio n

D a ta  a c q u is i tio n  w a s  p e r fo rm e d  o n  a  1.5 T e s la  I n te r a  s c a n n e r  
(P h i l ip s  M e d ic a l  S y s te m s )  w ith  a  S E N S E  h ig h - f ie ld , h ig h - re s o -  
lu t io n  (M R ID C )  h e a d  c o il ,  o p t im iz e d  fo r  f u n c t io n a l  im a g in g . 
M u lt i - s l ic e  T 2 -w e ig h te d  fM R I  im a g e s  w e re  a c q u ir e d  u s in g  a n  

E P I  s e q u e n c e  (T R /T E /f l ip  a n g le  Vi 2 0 0 0  m se c /6 0  m s e c /9 0 “ ; 
F o V  '/4 2 5 6  m m ; a c q u is i tio n  m a tr ix  Vi 6 4  x  6 4 ; 19 c o n tig u o u s
5 m m  a x ia l  s l ic e s  w ith  n o  g a p ) . F o r  e a c h  o f  th e  f iv e  s e s s io n s , 
182  v o lu m e s  w e re  a c q u ire d . T w o  sc a n s  w e re  a d d e d  a t  th e  

b e g in n in g  o f  th e  f u n c t io n a l  sc a n n in g  ( a n d  th e  d a ta  d is c a rd e d )  
to  r e a c h  s te a d y -s ta te  m a g n e t iz a t io n  b e fo re  a c q u is i tio n  o f  th e  
e x p e r im e n ta l  d a ta .

T h re e -d im e n s io n a l  h ig h - re s o lu t io n  T 1 -w e ig h te d  s t ru c tu ra l  
im a g e s  w e re  a c q u ir e d  in  th e  sa m e  s e s s io n  u s in g  a  f a s t  f ie ld  

e c h o  s e q u e n c e  (T R /T E /f l ip  a n g le  Vi 2 5  m s e c /2 .4  m s e c /3 0 “ ; 
F o V  Vi 2 5 6  m m ; a c q u is i tio n  m a tr ix  V i2 5 6 x 2 5 6 ;  160  c o n tig u o u s
1 m m  s a g i tta l  s l ic e s , is o tro p ic  v o x e l  s iz e  Vi 1 x  1 x  1 m m ).

2 .5 . S ig n a l  d e te c t io n  a n a ly s is

I n  a d d i t io n  to  n o n p a ra m e tr ic  s ta tis t ic a l  a n a ly s e s  o n  th e  r a te  o f  
e x tin c tio n , w e  a lso  c a r r ie d  o u t  s ig n a l  d e te c t io n  th e o ry  a n a ­

ly s e s  (S D T )  to  d e te rm in e  th e  p e r c e p tu a l  s e n s i t iv i ty , c f , a n d  th e  
r e s p o n s e  c r i te r io n ,  c, e m p lo y e d  b y  p a t ie n t  M .P . w h e n  re p o r t in g  
c o n tra le s io n a l  le f t  s t im u li  (G re e n  &  S w e tz , 1966).

A c c o rd in g  to  S D T , M .P . 's  p e r fo rm a n c e  is  fu lly  d e s c r ib e d  b y  

f o u r  p a ra m e te rs :  h i ts ,  m is s e s , c o r re c t  r e je c t io n s  a n d  fa lse  
a la rm s . H its  r e fe r  to  c o r re c t  d e te c t io n  o f  le f t - s id e  s t im u li  in  

s ig n a l  tr ia ls  ( i .e . ,  in  u n ila te r a l  L V F  o r  B S S  t r ia ls ) ,  w h i le  m is s e s  

r e fe r  to  in c o r re c t  r e s p o n s e s  o r  e x t in c t io n  in  th e  s a m e  tr ia ls . 

C o r r e c t  r e je c t io n s  r e fe r  to  la c k  o f  d e te c t io n  o f  le f t - s id e  s t im u li  
in  n o is e  tr ia ls  ( i .e . ,  in  u n i la te r a l  R V F  o r  c a tc h  t r ia ls ) ,  a n d  fa lse  

a la rm s  r e fe r  to  in c o r re c t  d e te c t io n  in  th e  sa m e  t r ia ls . T h e  

ra t in g  ta s k , r e q u ir in g  a n  a d d i t io n a l  g ra d e d  re s p o n s e  fo llo w in g  

th e  p r im a ry  d e te c t io n  ta s k ,  is  ty p ic a lly  u s e d  to  m e a s u re  
se n s itiv ity . B e c a u s e  e a c h  r e s p o n s e  in  th e  p r im a ry  d e te c tio n  

ta s k  h a d  fo u r  r a t in g s  a s s o c ia te d  w ith  it, th e r e  w e re  e ig h t  

p o s s ib le  r e s p o n s e s  fo r  e a c h  tr ia l  th a t  c a n  b e  g r a d e d  r a n g in g  

f ro m  th e  m o s t  c o n f id e n t  a b s e n c e  o f  c o n s c io u s  p e r c e p t io n  to  

th e  m o s t  c o n f id e n t  c o n s c io u s  d e te c t io n  o f  le f t - s id e  s t im u li  
(A zzo p a rd i &  C o w c y , 1997; E v a n s  &  A z z o p a rd i, 2 0 0 7 ; S tan is law

6  T odorov , 1999).

M .P . 's  r a t in g s  w e re  th u s  u s e d  to  d e te rm in e  p o in ts  o n  th e  

R e c e iv e r  O p e ra tin g  C h a ra c te r is t ic s  ( R O C )  c u rv e , w h ic h  p lo ts  
th e  h i t  r a te  a s  a  fu n c t io n  o f  f a ls e  a la rm  ra te ,  f o r  a l l  p o s s ib le  

v a lu e s  o f  th e  c r i te r io n  a n d  f o r  e a c h  s t im u lu s  c o n d i t io n  in d e ­
p e n d e n tly . A  ra t in g  ta s k  w ith  8  p o s s ib le  re s p o n s e s , a s  in  th e  

p r e s e n t  c a s e , d e te rm in e s  7  p o in ts  o n  th e  R O C  c u rv e , a n d  th e  
a r e a  u n d e r  th e  c u rv e  is  a  m e a s u re  o f  s e n s i t iv i ty  u n a f fe c te d  b y  

r e s p o n s e  b ia s . T h e  R O C  a re a  ty p ic a lly  r a n g e s  f ro m  a b o u t  .5 , 

m e a n in g  th a t  s ig n a l  c a n n o t  b e  d is t in g u is h e d  f ro m  n o is e , to  1 , 
m e a n in g  p e r f e c t  p e r fo rm a n c e . T h e  p r e s e n t  d e s ig n  g e n e ra te d  

f o u r  R O C  c u rv e s  d e s c r ib in g  s e n s it iv i ty  fo r  le f t - s id e  n e u ra l  a n d  
f e a r fu l  b o d i ly  e x p re s s io n s  in  e i th e r  u n i la te r a l  o r  B S S  d isp la y s . 

T h e  7  R O C  p o in ts  f o r  e a c h  c u rv e  w e re  th e n  t r a n s fo rm e d  to  Z  

s c o re s  f o r  e a c h  p a i r  o f  h i t  a n d  f a ls e  a la rm  ra te s ,  a n d  se n s it iv i ty

w a s  m e a s u r e d  a s  d^, a  v a r i a n t  o f  ( f  t h a t  t a k e s  in to  a c c o u n t  

n o n - u n i t  s lo p e s  o f  z - t r a n s f o r m e d  R O C s  a n d  i s  a p p r o p r ia te  in  
c a s e  o f  u n e q u a l  v a r ia n c e  b e tw e e n  d i s t r ib u t io n s ,  w h i le  b e in g  
n u m e r ic a l ly  e q u a l  to  d '  in  t h e  c a s e  o f  e q u a l  v a r ia n c e .  F in a l ly ,  
d i f f e r e n c e s  b e tw e e n  p a i r s  o f  d^  v a lu e s  f o r  e a c h  o f  t h e  f o u r  

c o n d i t io n s ,  e x p r e s s e d  a s  n o r m a l  d e v ia te s ,  w e r e  c o m p a r e d  

to  e a c h  o th e r  b y  a  s e r i e s  o f  tw o - t a i le d  p a i r e d - s a m p le  ? - te s ts  to  
a s s e s s  s ta t i s t ic a l ly  s ig n i f ic a n t  d i f f e r e n c e s  in  s e n s i t iv i ty  to  l e f t ­
s id e  s t im u li .

2 .6 . P u p il lo m e tr ic  d a ta  re d u c tio n

R a w  p u p i l l a r y  d ia m e te r  d a t a  w e r e  f i r s t  i n s p e c te d  f o r  g r o s s  
a r t i f a c t s  a n d  d i s c a r d e d  in  c a s e  o f  m a j o r  a r t i f a c t s  o r  e x c e s s iv e  

b l in k in g .  M in o r  a r t i f a c t s  a n d  n o r m a l  e y e  b l in k s  t h a t  c a u s e  th e  

lo s s  o f  f e w  d a ta  b in s  w e r e  c o r r e c te d  b y  l i n e a r  in te r p o la t io n .  A  
f iv e -p o in t  s m o o th in g  f i l t e r  w a s  th e n  p a s s e d  o v e r  th e  d a ta . 

A r t i f a c t - f r e e  a n d  s m o o th e d  p u p i l l a r y  r e s p o n s e  d a ta  w e r e  
s e g m e n te d  in to  4  s e c  e p o c h s ,  i n c lu d in g  1 s e c  o f  p r e - s t im u lu s  

p e r io d  a n d  3 s e c  a f t e r  s t im u lu s  o n s e t  f o r  e a c h  c o n d i t io n  

s e p a ra te ly .  A  b a s e l in e  p u p i l  d i a m e te r  w a s  c a lc u la te d  f o r  e a c h  
t r ia l  b y  a v e r a g in g  th e  p u p i l l a r y  d ia m e te r  s a m p le s  r e c o r d e d  

d u r in g  th e  1 s e c  p r e c e d in g  s t im u lu s  o n s e t .  D a ta  w e r e  th e n  
e x p r e s s e d  a s  d i f f e r e n c e s  f r o m  b a s e l in e  b y  s u b t r a c t in g  th e  

m e a n  b a s e l in e  p u p i l l a r y  d ia m e te r  f r o m  a ll  s u b s e q u e n t  s a m ­

p le s .  A  m e a n  p u p i l l a r y  r e s p o n s e - f r o m - b a s e l in e  w a v e f o r m  w a s  
th e n  o b ta in e d  f o r  e a c h  c o n d i t i o n  b y  a v e r a g in g  th e  v a lu e s  a t  

e a c h  t im e  p o in t  a c r o s s  tr ia ls .

2 . 7. J M R I  a n a ly s is

B r a in  V o y a g e r  Q X w a s  u s e d  f o r  im a g e  p ro c e s s in g  a n d  a n a ly s is  

(B ra in  In n o v a t io n © , T h e  N e th e r la n d s ) .  A f te r  s ta n d a rd  p r e ­
p ro c e s s in g , f u n c tio n a l  v o lu m e s  w e re  sp a tia lly  a l ig n e d  to  th e  

f i r s t  v o lu m e  b y  a  t r i l in e a r  in te rp o la tio n  a lg o r i th m  a n d  

sm o o th e d  b y  a  3 -D  G a u s s ia n  k e rn e l  w ith  fu l l  w id th  a t  h a l f ­
m a x im u m  (F W H M )  o f  4  m m . T e m p o ra l  sm o o th in g  w ith  a

2  se c  F W H M  G a u s s ia n  k e rn e l  w a s  a lso  a p p l ie d  to  im p ro v e  th e  
s ig n a l- to -n o is e  r a t io  b y  re m o v in g  h ig h  f re q u e n c y  f lu c tu a tio n s . 

F in a l ly ,  f u n c tio n a l  s c a n s  w e re  c o - re g is te re d  w ith  th e i r  3 -D  
h ig h - re s o lu t io n  s tru c tu r a l  s c a n  a n d  3 -D  s tru c tu r a l  d a ta s e ts  

w e re  t r a n s fo rm e d  in to  T a la ira c h  sp a c e  ( T a la ir a c h  &  

T o u rn o u x , 1988).
D a ta  s e r ie s  w e re  s u b m itte d  to  a  s in g le - s u b je c t  a n a ly s is  fo r  

e v e n t- re la te d  d e s ig n s  u s in g  g e n e ra l  l in e a r  m o d e ls  (G L M ). T h e  

f o u r  u n i la te r a l  c o n d it io n s  w e re  m o d e le d  b y  b o x c a r  w a v e fo rm s  
a n d  c o n v o lv e d  w ith  th e  h e m o d y n a m ic  re s p o n s e  fu n c t io n  

(H R F ) . B S S  t r ia ls  in  w h ic h  th e  le f t - s id e  s t im u lu s  w a s  d e te c te d  
v e r s u s  e x tin g u is h e d , a s  d e te rm in e d  b y  th e  p a t ie n t 's  r e s p o n s e  

d u r in g  s c a n n in g , w e re  m o d e le d  s e p a ra te ly . T h is  r e s u l te d  in  

e ig h t  p re d ic to rs ,  f o u r  u n i la te r a l  c o n d i t io n s  d e p e n d in g  o n  th e  
s id e  o f  p r e s e n ta t io n  (L V F  o r  R V F )  a n d  o n  th e  e x p re s s io n  

( n e u tra l  o r  f e a r fu l) ,  a n d  f o u r  B S S  c o n d it io n s  a s  a  fu n c t io n  o f  
w h e th e r  th e  le f t - s id e  s t im u lu s  w a s  n e u tr a l  o r  f e a r fu l ,  d e te c te d  

o r  e x tin g u is h e d . W h o le - b ra in  a n a ly s is  w a s  p e r fo r m e d  a n d  a  

f ix e d  s ta tis t ic a l  th r e s h o ld  o i  q  < .05 c o r re c te d  fo r  f a ls e  d is ­
c o v e ry  ra te  (F D R )  in  m u lt ip le  c o m p a r is o n s  w a s  u s e d  to  d isp la y  

r e s u l ts  a n d  a c t iv a t io n  m a p s  ( G e n o v e s e , L a z a r ,  &  N ic h o ls ,  
2 0 0 2 ) . A  c lu s te r - s iz e  th r e s h o ld  > 2 0 0  c o n t ig u o u s  v o x e ls  w a s  

a ls o  a p p lie d .



A d d it io n a lly , to  f u r th e r  fu n c tio n a lly  q u a lify  th e  a c t iv a ­
t io n s  in  e x tra s tr ia te  v is u a l  a r e a s  a lo n g  th e  v e n tr a l  s tr e a m , 

w h ic h  s h o w  c a te g o ry -sp e c if ic  s e le c tiv ity  to  h u m a n  b o d ie s , w e  

c o m p a re d  b y  su p e r im p o s it io n  th e  lo c a t io n s  o f  p a t ie n t  M .P .'s  

a c t iv a t io n s  in  th e  te m p o ra l  a n d  o c c ip i ta l  lo b e s  w ith  
fu n c tio n a l ly -d e f in e d  b o d y - s e le c t iv e  r e g io n s ,  a s  r e p o r te d  b y  

J u l ia n  a n d  c o -a u th o rs ,  w h o  u s e d  a  lo c a l iz e r  d e s ig n  o n  a  la rg e  

g ro u p  o f  h e a l th y  s u b je c ts  ( J u l ia n , F e d o re n k o , W e b s te r ,  &  

K a n w is h e r , 2 0 1 2 )  (d o w n lo a d e d  f ro m  h t tp : / /w e b .m it.e d u /b c s /  
n k la b /G S S .sh tm l) .  T h e  re g io n s ,  o r  b o d y  p a tc h e s ,  th a t  w e re  

a c tiv a te d  sy s te m a tic a l ly  a c ro s s  s u b je c ts  in  th e  s tu d y  b y  Ju l ia n  

a n d  c o l la b o ra to rs  (2 0 1 2 ), a re  th e  fu s ifo rm  fa c e /b o d y  a re a  

(F B A )  in  th e  fu s ifo rm  g y ru s , a n d  th e  e x tra s tr ia te  b o d y  a re a  
(E B A )  in  th e  p o s te r io r  in f e r io r  te m p o ra l  su lc u s /m id d le  te m ­

p o ra l  g y ru s .

3. R e su lts

3 .1 . B e h a v io r a l  re su lts

T a b le  1 r e p o r t s  M .P . 's  p e r f o r m a n c e  a s  a  f u n c t io n  o f  th e  s ix  
d i f f e r e n t  c o n d i t io n s .  N o n p a r a m e t r ic  t e s t s  w e r e  u s e d  to  

c o m p a r e  th e  p a t i e n t 's  p e r f o r m a n c e  a c r o s s  c o n d i t io n s .
A  p re lim in a ry  a n a ly s is  a s s e s s e d  th e  r a te  o f  e x t in c t io n  ( i .e ., 

th e  d e te c t io n  o f  le f t - s id e  s t im u li  in  B S S  tr ia ls )  in d e p e n d e n t  o f  
th e  d if fe r e n t  e x p re s s io n s . R e s p o n s e  a c c u ra c y  in  d e te c tin g  
u n ila te r a l  L V F ,R V F , a n d  B S S  s t im u li  w a s  s ig n if ic a n tly  a f fe c te d  

b y  th e  c o n d i t io n s  o f  p re s e n ta t io n  [ c \ 2 )  Vi 1 1 0 8 .1 9 6 ,/> <  .0 0 0 0 1 ] . 
A c c u ra c y  w a s  b e t te r  in  th e  R V F  th a n  L  V F  u n i la te r a l  c o n d i t io n s  

[ F \ 1 )  Vi 5 .1 3 , p  Vi .0 2 4 ; w h ic h  is  a  v a r ia n t  o f  th e  c^ th a t  c o r re c ts  
f o r  sm a ll  n u m b e r  o f  o b s e rv a tio n s  in  2  x  2  c o n tin g e n c y  ta b le s ] . 
In  B S S  tr ia ls ,  th e  p a t ie n t  s h o w e d  s e v e re  e x t in c t io n  o f  le f t  
c o n tr a le s io n a l  s t im u li  c o m p a re d  to  u n i la te r a l  L V F  tr ia ls  

[ F \ l ) ‘/4 l0 .9 3 , / j  1/4.0009].
T h e  a c c u ra c y  in  d e te c t in g  u n i la te r a l  L V F  a n d  R V F  s t im u li  

w a s  n o t  in f lu e n c e d  b y  th e  b o d i ly  e x p re s s io n  (n e u tra l  o r  f e a r ­

fu l)  [L V F: F \ 1 ) ‘/4 .1 1 ,/7 ‘/4 .74; R V F : F \ 1 ) ‘/4 . 3 5 , ‘/4 .56]. C ritica lly , 
h o w e v e r , th e  ra te  o f  e x t in c t io n  in  th e  B S S  t r ia ls  w a s  s ig n if i ­
c a n tly  a f fe c te d  b y  th e  e x p re s s io n  o f  th e  le f t - s id e  s t im u lu s , as 
f e a r fu l  b o d ie s  w e re  e x t in g u is h e d  m u c h  le s s  o f te n  th a n  n e u tr a l  

b o d ie s  [ V \ l )  Vi & .6 2 ,p  Vi .0 0 3 ]. W e  th e re fo re  r e p l ic a te d  in  p a ­
t ie n t  M .P . o u r  p r e v io u s  o b s e rv a tio n s  th a t  f e a r fu l  b o d i ly  e x ­
p r e s s io n s  a re  b e t te r  a t te n d e d  a n d  m o re  o f te n  c o n s c io u s ly  
p e r c e iv e d  th a n  n e u tr a l  b o d y  a c t io n s  w h e n  c o m p e t in g  fo r  
l im ite d  a t te n tio n .

3 .2 . S ig n a l  d e te c t io n  r e s u l ts

P a ra m e te rs  o f  th e  fo u r  R O C  c u rv e s  o r ig in a tin g  f ro m  p a t ie n t  

M .P . 's  r a t in g s  w e re  c o m p u te d  w i th  R s c o re P lu s  (H a rv e y , 2 0 1 0 ) , 
a n d  th e  r e s u l ta n t  g ra p h s  a re  d is p la y e d  in  F ig . 3.

R O C s  w e re  f i t te d  to  th e  d a ta  u s in g  a  m a x im u m -l ik e l ih o o d  

a lg o r i th m  a n d  th e  c^ w a s  u s e d  a s  g o o d n e s s -o f - f it  m e a s u re . 

R e s u l ts  s h o w e d  n o n - s ig n if ic a n t  c^ f o r  a l l  f o u r  d is tr ib u tio n s , 

in d ic a t in g  a  g o o d  f i t  b e tw e e n  m o d e l  a n d  d a ta  [c^(5) ::; 5 .2 1 , 
p s 2 '.  .3 9 ] . M .P . 's  p e r c e p tu a l  s e n s itiv ity  to  u n i la te r a l  L V F  s t im u li  
w a s  n o t  in f lu e n c e d  b y  e x p re s s io n  a s  s h o w n  b y  v a lu e s  a s  

w e l l  a s  b y  v a lu e s , th e  la t te r  c o r re s p o n d in g  to  th e  a r e a  u n d e r  

th e  R O C  c u rv e , w h ic h  e x p re s s e s  se n s itiv ity  in  te r m s  o f  p r o b ­
a b il i ty  (N e u tra l  b o d ie s :  Vi 2 .1 4 4 ,  Vi .9 3 5 ; F e a r fu l  b o d ie s : 

d^  Vi 2 . 2 2 8 , Vi .9 4 2 ). A c c o rd in g ly , th e  d if fe re n c e  in  se n s it iv i ty  

b e tw e e n  th e s e s  tw o  u n ila te r a l  c o n d it io n s  w a s  n o t  s ta tis tic a lly  
s ig n if ic a n t  (Z  Vi - .1 5 4 ,p  Vi .8 7 7 ).

H o w e v e r ,  p e r c e p tu a l  s e n s i t iv i ty  to  u n ila te r a l  L V F  n e u tr a l  
e x p re s s io n s  w a s  s ig n if ic a n tly  d e c re a s e d  b y  th e  p r e s e n c e  o f  
c o m p e t in g  r ig h t- s id e  n e u tr a l  b o d ie s  in  B S S  d is p la y s  
(d^  Vi 1 . 141 ,A ,  Vi .7 9 ; Z  Vi - .  1 & 2,p  Vi .0 2 9 ). C r i t ic a l ly , th is  w a s  n o t  

th e  c a s e  f o r  f e a r fu l  e x p re s s io n s , w h o s e  s e n s it iv i ty  in  u n i la t ­
e ra l  L V F  tr ia ls  w a s  n o t  s ig n if ic a n tly  r e d u c e d  b y  c o m p e tin g  
r ig h t- s id e  n e u tr a l  b o d ie s  (d^ Vi 2 .0 7 2 , A ,  Vi .9 3 ; Z  Vi .3 2 3 , 

p  Vi .7 4 7 ). A c c o rd in g  to  th e s e  f in d in g s , a  f u r th e r  d ir e c t  c o m ­
p a r is o n  o f  th e  se n s it iv i t ie s  f o r  le f t - s id e  n e u tr a l  a n d  fe a r fu l  
e x p re s s io n s  in  B S S  d is p la y s  r e v e a le d  a  s ig n if ic a n t  d if fe r e n c e  
(Z V i-2 .4 4 7 ,/ jV i .0 1 4 ) .

3 .3 . P u p il lo m e tr ic  re su lts

M e a n  p u p i l l a r y  r e s p o n s e  w a v e f o r m s  f r o m  b a s e l in e  a re  s h o w n  

in  F ig .  4  f o r  t h e  tw o  c r i t ic a l  B S S  c o n d i t io n s  a s  a  f u n c t io n  o f  

e x t in c t io n .  T h e  m a x im u m  d i la t io n  w a s  i n d u c e d  b y  e x t in ­

g u i s h e d  le f t - s id e  f e a r f u l  e x p r e s s io n s ,  f o l lo w e d  b y  c o n s c io u s ly  
p e r c e iv e d  le f t - s id e  f e a r f u l  b o d ie s ,  a n d  th e n  b y  c o n s c io u s ly  

p e r c e iv e d  a n d  e x t in g u is h e d  le f t - s id e  n e u t r a l  b o d ie s ,  w h ic h ,  in  

tu r n ,  la r g e ly  o v e r la p .

M e an  p e a k  a m p litu d e s  o f  p h a s ic  p u p il d ila tio n  fo r  B B S  tr i­
a ls  w e re  su b m itted  to  a  K ru sk a lc W a llis  A N O V A  w ith  a  fou r- 

le v e ls  fa c to r  ( le f t-s id e  n e u tra l co n sc io u s , le f t-s id e  n e u tra l 

ex tin g u ish e d , le f t-s id e  fe a rfu l co n sc io u s , an d  le f t-s id e  fea rfu l 
ex tin g u ish ed ). T h e  K ru sk a lc W a llis  A N O V A  is a  n o n p a ra ­

m e tr ic  v a r ia n t o f  th e  o n e -w a y  A N O V A  an d  is m o re  se n sitiv e  to 
p o ss ib le  d e v ia tio n s  fro m  th e  n o rm a l d is tr ib u tio n , w h ic h  are 

lik e ly  in s in g le -case  s tu d ies . T h e re  w a s  a  s ig n if ic a n t m a in  e f ­

fec t, sh o w in g  th a t  p u p il d ila tio n  v a r ie d  s ig n if ican tly  in the  
fo u r  c o n d itio n s  [ / /(3 )  Vi 3 5 .6 5 8 ,/ )  <  .0 0 0 0 1 ]. P o s t-h o c  te s ts  o f  

m ean  ra n k s  sh o w ed  th a t  th e  d if fe re n c e  in p u p il d ila tio n  b e ­
tw een  ex tin g u ish e d  an d  c o n sc io u sly  p e rc e iv e d  fea rfu l e x ­

p re ss io n s  w a s  m a rg in a lly  s ig n if ic a n t (Z  Vi 2 .5 0 9 , p  Vi .073; 

c o rre c te d  fo r  m u ltip le  c o m p ariso n s). E x tin g u ish e d  as w e ll as 
co n sc io u s ly  p e rc e iv e d  fe a rfu l b o d ie s  ev o k ed  s ig n ifican tly  

m o re  d ila tio n  th an  e ith e r  co n sc io u s  o r  ex tin g u ish e d  n eu ra l 
b o d ie s  (Z  2: 3 .1 3 3 , p s  ::; .01). F in a lly , p u p il d ila tio n  w a s  n o t 

in f lu e n c e d  b y  w h e th e r  a  le f t-s id e  n e u tra l b o d y  w as 

c o n sc io u s ly  p e rc e iv e d  o r  e x tin g u ish e d  (Z  Vi .582 , p  Vi 1).

T a b le  1 e  S t im u li  m i s s e d  b y  p a t i e n t  M .P .  a s  a f u n c t io n  o f  t h e  s ix  d i s p la y  c o n d i t io n s .

U n ila te ra l L V F U n ila te ra l R V F L e ft m isse s  in B S S  d isp lay s

N e u r a l  F ea rfu l N e u tr a l  F e a r fu l L e f t - s id e  N e u t r a l  R ig h t - s id e  N e u t r a l  L e f t - s id e  F e a r f u l  R ig h t - s id e  N e u t r a l

6/30 (20%) 5/30 (16.7%) 1/30 (3.3%) 2/30 (6.7%) 34/60 (56.7%) 18/60(30%)
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F ig .  3 e  A )  R O C  c u r v e s  d e r iv e d  f r o m  M .P . 's  r a t in g s  s h o w in g  p r o b a b i l i ty  o f  h i t  r a t e s  v e r s u s  f a l s e  a la r m  r a t e s  f o r  L V F  n e u t r a l  

a n d  f e a r f u l  b o d ie s  in  u n i l a t e r a l  d is p la y s ;  B ) Z - s c o re s  t r a n s f o r m e d  R O C  c u r v e s  f o r  th e  s a m e  c o n d i t io n s ;  C ) R O C  c u r v e s  f o r  l e f t ­
s id e  n e u t r a l  a n d  f e a r f u l  b o d ie s  in  B S S  d is p la y s ;  D ) Z - s c o r e s  t r a n s f o r m e d  R O C  c u r v e s  f o r  t h e  s a m e  c o n d i t io n s .

3 .4 . J M R I  r e s u l ts

3 .4 .1 . C o n s c io u s  p e r c e p t io n  o f  f e a r fu l  e x p r e s s io n s  in  

u n ila te r a l  d isp la y s
W e  firs t  in v e s tig a te d  th e  n e u ra l re sp o n se s  e v o k e d  by  

c o n sc io u s  p e rc e p tio n  o f  fe a rfu l ex p re ss io n s  in u n ila te ra l tr ia ls  

a c ro ss  v isu a l f ie ld s  [i.e ., (L V F  fea rfu l p  R V F  fe a rfu l)  e  (L V F

Time from stimulus onset (msec)

F ig .  4  e  M e a n  p u p i l  r e s p o n s e s  in  B S S  d i s p la y s  a s  a  f u n c t io n  

o f  e m o t io n  a n d  e x t in c t io n  o f  le f t - s id e  s t im u li .

n e u tr a l  R V F  n e u tra l ) ] .  I n c re a s e d  a c tiv i ty  w a s  fo u n d  in  
e m o tio n -s e n s it iv e  a re a s , s u c h  a s  th e  a m y g d a la  a n d  th e  o rb i-  

to f ro n ta l  c o r te x , in  s tr ia te  a n d  e x tra s tr ia te  v is u a l  a re a s , 

in c lu d in g  b o d y -s e le c t iv e  r e g io n s  a lo n g  th e  v e n tr a l  s tre a m  lik e  
F B A , E B A  a n d  th e  s u p e r io r  te m p o ra l  su lc u s  ( S T S ) , a n d  in  th e  

d o rs o la te ra l  a n d  v e n tro la te ra l  p re f ro n ta l  c o r te x  (d lP F C , v lP F C )  
(T a b le  2).

3 .4 .2 . N o n c o n s c io u s  p e r c e p t io n  o f  n e u tr a l  a n d fe a r fu l  

e x p r e s s io n s  in  B S S  d isp la y s

W e  n e x t  e x a m in e d  th e  n e u r a l  c o r r e la te s  o f  n o n c o n s c io u s  
p e r c e p t io n  o f  n e u t r a l  a n d  f e a r f u l  b o d i ly  e x p r e s s io n s  s e p a ­

r a te ly ,  c o m p a r in g  u n i la te r a l  R V F  t r ia ls ,  w h e r e  a  s in g le  r ig h t-  
s id e  s t im u lu s  w a s  p r e s e n te d  a n d  d e te c te d ,  w i th  B S S  t r ia ls  in  

w h ic h  th e  le f t - s id e  s t im u lu s  w a s  e x t in g u is h e d .  F le n c e ,  th e s e  

a n a ly s e s  c o m p a r e d  c o n d i t io n s  o f  d i f f e r e n t  p h y s ic a l  s t im u la ­
t i o n  ( u n i la te r a lR  V F  V5  B S  S t r ia l s )  t h a t n e v e r t h e l e s s  i n d u c e d  a n  

id e n t ic a l  c o n s c io u s  e x p e r ie n c e ,  w h e r e  in  b o th  c a s e s  th e  p a ­
t i e n t  d e te c te d  o n ly  o n e  s t im u lu s  in  th e  r ig h t- s id e .

E x tin g u is h e d  le f t - s id e  n e u tr a l  b o d ie s  d id  n o t  e v o k e  a n y  
s ig n if ic a n t  r e s p o n s e  c o m p a re d  to  u n i la te r a l  R V F  n e u tr a l  

s t im u li  [B S S  le f t - s id e  n e u tr a l  e x t in g u is h e d  e  u n ila te r a l  R V F  
n e u t r a l ] .



T  a b le  2  e  S ig n i f i c a n t  a c t iv a t io n s  f o r  c o n s c io u s  p e r c e p t io n  o f  f e a r f u l  b o d ie s  in  u n i l a t e r a l  d i s p la y s  [(L V F  f e a r f u l  R V F  f e a r f u l )  e  
(L V F  n e u tr a l  R V F  n e u tra l)] .

L obe S u rfa c e B r a in  a re a  (B ro d m a n n  a re a ) H e m is p h e re N . V oxels T a la ira c h  c o o rd in a te s

X

Frontal
Lateral

Orbital

Limbic

Temporal

Occipital

Lateral

Orbital

Mesial

MFG/vlPFC(47) 
MFG/dlPFC (8) 
MFG/dlPFC (9)

MFG/OFC (32) 
M FG /0FC (11)

AMG
AMG

MTG (21)
M TG/EBA(39) 
STS (22)

FG/FBA (20)

V2eV3/LG (17/18) 
V2eV3/LG (17/18)

236
2870
2018

301
277

502
213

387
1620
240

2749

860
1190

-3 3
-4 2

43

-10

-5 8
-4 2
- 5 5

-4 3

-1 8
18

37
20

9

33
33

-5
-9

-3 8
-68
-5 0

-3 0

-7 6
-86

-6
41
37

-8
-1 3

-1 7
-10

-2
20

7

-2 3

-1 7
-1 8

All activations are significant al q < .05 corrected for FDR.
Abbreviations'. AMG ^4 amygdala; dlPFC ^4 dorso-lateral prefrontal cortex; EBA ^4 extrastriate body area; FBA ^4 fusiform body area; FG ^4 fusiform 
gyrus; LG ^4 lingual gyrus; MFG ^4 middle frontal gyrus; M TG ^4 middle temporal gyrus; OFC ^4 orbitofrontal cortex; STS ^4 superior temporal 
sulcus; vlPFC ^4 ventro-lateral prefrontal cortex.

C o n v e rs e ly , e x t in g u is h e d  fe a r fu l  b o d ie s  s t i l l  a c t iv a te d  th e  
le f t  a m y g d a la  a n d  p o s te r io r  c in g u la te  c o r te x  (P C C ) , a s  w e l l  a s  

s tr ia te  a n d  e x tra s tr ia te  a r e a s  [B S S  le f t - s id e  f e a r fu l  e x t in ­

g u is h e d  e  u n ila te r a l  R V F  n e u tra l]  ( s e e  F ig . 5 a n d  T a b le  3). 

R e m a rk a b ly , su b g e n u a l  ( s g P F C )  a n d  th e  m e d ia l  p re f ro n ta l  
c o r te x  (m P F C )  w e re  s ig n if ic a n tly  a c t iv a te d  d u r in g  n o n c o n -  

sc io u s  p e r c e p t io n  o f  f e a r fu l  b o d ie s . T h e s e  a re a s  h a v e  b e e n  

in v o lv e d  in  to p -d o w n  e m o tio n  r e g u la t io n ,  in  th e  s u p p re s s io n  

o f  p r e v io u s ly  le a rn e d  e m o tio n a l  a s s o c ia t io n s , a n d  in  r e d u c in g  
th e  e f fe c t  o f  e m o tio n a l  d is t r a c te r s  (A m tin g , G re e n in g , &  

M itc h e ll ,  2 0 1 0 ; B is h o p , D u n c a n ,  &  L a w re n c e , 2 0 0 4 ; L e rn e r  

e t  a l .,  2 0 1 2 ; O c h s n e r  &  G ro s s , 2 0 0 5 ; O c h s n e r  e t  a l .,  2 0 0 4 ; 

P e s s o a ,2 0 0 8 ;Q u i r k & G e h le r t ,2 0 0 3 ) .

3 .4 .3 . C o n s c io u s  p e r c e p t io n  o f  n e u tr a l  a n d fe a r fu l  e x p re ss io n s  
in  B S S  d isp la y s

A  c e n t r a l  q u e s t io n  in  th e  p r e s e n t  s tu d y  c o n c e r n s  th e  n e u r a l  

s ig n a tu r e  s e le c t iv e ly  a s s o c ia te d  w i th  c o n s c io u s  p e r c e p t io n  o f  

f e a r f u l  a n d  n e u t r a l  b o d i ly  e x p r e s s io n s .  W e  th e r e f o r e  
c o m p a r e d  n e u r a l  a c t iv i ty  in  B S S  t r ia ls  in  w h ic h  th e  p a t i e n t  

c o n s c io u s ly  r e p o r t e d  b o th  s t im u l i ,  w i th  a c t iv i ty  in  B  S S t r ia l s  in  

w h ic h  th e  le f t - s id e  s t im u lu s  u n d e r w e n t  e x t in c t io n .  T h e s e  

c o n t r a s t s ,  p e r f o r m e d  s e p a ra te ly  f o r  n e u t r a l  a n d  f e a r f u l  e x ­
p r e s s io n s ,  m i r r o r  t h o s e  r e p o r t e d  in  th e  p r e v io u s  s e c t io n ,  in  

t h a t  th e y  a n a ly z e  c o n d i t io n s  o f  id e n t ic a l  p h y s ic a l  s t im u la t io n  

( th e  s a m e  B S S  d i s p la y  w a s  a lw a y s  p r e s e n te d ) ,  b u t  d i f f e r e n t  

c o n s c io u s  p e r c e p t io n  ( w i th  v s  w i th o u t  e x t in c t io n ) .
C o m p a r is o n  o f  c o n s c io u s  w i th  n o n c o n s c io u s  p e r c e p t io n  o f  

n e u tr a l  b o d ie s  (B S S  n e u tr a l  c o n s c io u s  e  B S S  le f t - s id e  n e u tr a l

e x t in g u is h e d )  y ie ld e d  s ig n if ic a n t  a c t iv i ty  in  s tru c tu re s  
c o m p o s in g  th e  f ro n to -p a r ie ta l  n e tw o rk  in v o lv e d  in  th e  to p -  

d o w n  r e g u la t io n  o f  a t te n t io n , su c h  a s  th e  IP F C  a n d  th e  IP L , 

a lo n g s id e  w ith  b o d y - s e le c t iv e  a re a s  in  th e  te m p o ra l  c o r te x , 

su c h  a s  E B A , a n d  in  p r im a ry  v is u a l  a re a s  ( s e e  F ig . 6  a n d  T a b le  4 ).
C o n s c io u s  p e r c e p t io n  o f  f e a r fu l  b o d ie s  r e v e a le d  s ig n if ic a n t  

in c r e a s e  in  a r e a s  r e la te d  to  e m o tio n  p ro c e s s in g , s u c h  a s  th e  

a m y g d a la  a n d  c in g u la te  c o r te x , b i la te r a l ly ,  a n d  in  th e  s tr ia te  
a n d  e x tra s tr ia te  v is u a l  a re a s  in  th e  v e n tr a l  s tr e a m  (B S S  le f t ­

s id e  f e a r fu l  c o n s c io u s  e  B S S  le f t - s id e  f e a r fu l  e x tin g u is h e d )  

( s e e  F ig . 7  a n d  T a b le  5). T h e s e  a r e a s  w e re  a lso  a c t iv a te d  d u r in g  
n o n c o n s c io u s  p e r c e p t io n  o f  f e a r fu l  e x p re s s io n s . I n  a d d it io n , 

a re a s  in v o lv e d  in  s e le c t iv e  a t te n t io n , a n d  a c t iv e  d u r in g  
c o n s c io u s  p e r c e p t io n  o f  n e u tr a l  b o d ie s ,  su c h  a s  th e  IP L , a lso  

r e s p o n d e d  to  c o n s c io u s ly  p e rc e iv e d  fe a r fu l  b o d ie s . C ru c ia lly , 

c o n s c io u s ,  a s  c o m p a re d  to  n o n c o n s c io u s  p e r c e p t io n  o f  fe a r fu l  
e x p re s s io n s , w a s  u n iq u e ly  a s s o c ia te d  w ith  a c tiv ity  in  th e  

a n te r io r  in s u la  ( a n t lN S ) ,  p r im a ry  m o to r  (M I)  a n d  P M C , p r im a ry  
s o m a to s e n s o ry  c o r te x  (S I ) , a n d  in  th e  c e re b e llu m . L a s t ly ,  th e  

sa m e  c o m p a r is o n  a ls o  re v e a le d  s ig n if ic a n t  d e a c tiv a tio n s  in  

th e  b i la te r a l  sg P F C , in d ic a tin g  th a t  th is  a r e a  w a s  m o re  a c tiv e  
d u r in g  n o n c o n s c io u s  th a n  c o n s c io u s  p e r c e p t io n  o f  fe a r fu l  

b o d ie s  in  B S S  d isp la y s .

T o  f u r th e r  c h a r a c te r i z e  th e  r e la t io n s h ip  b e tw e e n  v i s u a l  
a w a r e n e s s  a n d  b r a in  a c t iv i ty ,  w e  c o r r e la te d  c o n f id e n c e  r a t ­

in g s  o f  p e r c e p tu a l  ( u n )a w a re n e s s  w i th  n e u r a l  r e s p o n s e s  
o b s e r v e d  d u r in g  c o n s c io u s  a n d  n o n c o n s c io u s  p e r c e p t io n  o f  

le f t - s id e  f e a r f u l  e x p r e s s io n s  in  B  S S  tr ia ls .  F  o r  th i s  p u r p o s e ,  w e  

in i t i a l ly  d e f in e d  r e g io n s  o f  i n te r e s t  ( R O I s )  in  t h o s e  a r e a s



F ig .  5 e  S ig n i f i c a n t  a c t iv a t io n s  f o r  th e  n o n c o n s c io u s  p e r c e p t io n  o f  le f t - s id e  e x t in g u is h e d  f e a r f u l  b o d ie s  in  B S S  d i s p la y s ,  

s u p e r im p o s e d  o n  p a t i e n t  M .P . 's  b r a in  (B S S  le f t - s id e  f e a r f u l  e x t in g u i s h e d  e  u n i l a te r a l  R V F  n e u t r a l ) .  A )  A c t iv i ty  in  t h e  le f t  
a m y g d a la  o n  a  c o r o n a l  s l ic e  ( T a la i r a c h  c o o rd in a te :  F  V4 ¡5 ); B ) A c t iv i ty  in  th e  E B A  a n d  S T S  s u p e r im p o s e d  o n  a  3 -D  in f la te d  

r e c o n s t r u c t io n  o f  M .P . ' b r a in ;  C ) A c t iv i ty  in  th e  l e f t  a m y g d a la  a n d  f u s i f o r m  g y r u s  o n  a  t r a n s v e r s a l  s l ic e  (Z  V4 \ 1 8 ); D ) A c t iv i ty  

in  t h e  s g P F C , m P F C , a n d  P C C  o n  a  s a g i t t a l  s l ic e  (X  V4 ¡4).

T  a b le  3 e  S ig n i f ic a n t  a c t iv a t io n s  f o r  th e  n o n c o n s c io u s p e r c e p t io n  o f  e x t in g u is h e d  f e a r f u l  b o d ie s  in  B S S  d i s p la y s  (B S S  le f t - s id e  
f e a r f u l  e x t in g u i s h e d  e  u n i l a te r a l  R V F  n e u tr a l) .

L obe S u rfa c e B r a in  a r e a  (B ro d m a n n  a re a ) H e m is p h e r e N . V oxels T a la ira c h  c o o rd in a te s

X

Frontal

Limbic

Temporal

Lateral

Mesial

Mesial

Lateral

Orbital

MFG/dlPFC (8)

SFG/mPFC (8) 
SFG/mPFC (8)

AMG

PCC (30)
PCC (23) 
ACC/sgPFC (32) 
ACC/sgPFC (32)

M TG(IO)
MTG/EBA (39) 
STS (39)

FG/FBA (37)

1126

5342
963

142

1015
1723
3024
3863

3681
714

357

-31

-9
9

-20

-3
9

-2
4

-5 0
-41
-4 7

-41

24

52
37

-5 0
-5 3

37
36

-3 9
-66

-4 9

-4 3

41

38
46

-1 9

20
19
-8
-9

-10

18
6

-1 8

All activations are significant al q < .05 corrected for FDR.
Abbreviations'. ACC V4 anterior cingulate cortex; AMG V4 amygdala; dlPFC V4 dorso-lateral prefrontal cortex; EBA V4 extrastriate body area; 
FBA V4 fusiform body area; FG V4 fusiform gyrus; MFG V4 middle frontal gyrus; mPFC V4 middle prefrontal cortex; MTG V4 middle temporal gyrus; 
PCC V4 posterior cingulate cortex; SFG V4 superior frontal gyrus; sgPFC V4 subgenual prefrontal cortex; STS V4 superior temporal sulcus.



F ig . 6  e  S ig n i f i c a n t  a c t iv a t io n s  f o r  t h e  c o n s c io u s  p e r c e p t io n  

o f  n e u t r a l  b o d ie s  in  B S S  d i s p l a y s  s u p e r im p o s e d  o n  a  3 -D  
in f la te d  r e c o n s t r u c t io n  o f  p a t i e n t  M .P . 's  b r a in  ( th e  

l e s io n  is  d i s p la y e d  in  d a r k  r e d )  (B S S  le f t - s id e  f e a r f u l  
e x t in g u is h e d  e  u n i l a te r a l  R V F  n e u t r a l ) .

d u r in g  e x t in c t io n  o f  le f t - s id e  f e a r f u l  e x p r e s s io n s  ( i .e . ,  l e f t  a n d  
r i g h t  s g P F C )  ( s e e  a ls o  T a b le  5 ). T h e n ,  f o r  e a c h  o f  th e  6 0  B S S  

t r ia l s  w i th  le f t - s id e  f e a r f u l  b o d ie s ,  w e  e x t r a c te d  th e  m e a n  b e ta  
v a lu e s  a v e r a g e d  a c r o s s  a l l  v o x e l s  c o m p o s in g  e a c h  s in g le  R O I  

a n d  a s s o c ia te d  w i th  t h e  c o n s c io u s ly  p e r c e iv e d  ( 4 2  t r ia l s )  a n d  
e x t in g u i s h e d  le f t - s id e  s t im u l i  ( 1 8  t r ia ls ) ,  a s  m o d e le d  w i th  

s e p a r a te  p re d ic to r s .  B e ta  w e ig h t s  q u a n t i f y  in d e e d  th e  c o n t r i ­

b u t io n  o f  e a c h  p r e d i c to r  in  e x p la in in g  th e  le v e l  o f  n e u r a l  a c ­
t iv i ty  m e a s u r e d  in  a  g iv e n  r e g io n .  F in a l ly ,  w e  t e s te d  th e  

p o s s ib le  in t e r a c t io n  b e tw e e n  c o n s c io u s  p e r c e p t io n ,  a s  
m e a s u r e d  c o n t in u o u s ly  w i th  th e  8 - p o in t  r a t in g s ,  a n d  b e ta  

w e ig h ts  o f  n e u r a l  a c t iv i ty  in  e a c h  o f  th e  n in e  R O I s  s e p a ra te ly .

A c tiv ity  in th e  le f t an tlN S  an d  SI sh o w ed  a  m ild , th o u g h  
s ig n ifican t, p o s itiv e  co rre la tio n  w ith  v isu a l a w a re n e ss  o f  le f t­
s id e  fea rfu l e x p re ss io n s  (P e a rso n  r  Vi 3 1 ,  p  Vi .018; r  Vi .34, 

p  Vi .007 , re sp ec tiv e ly ) , w h e re a s  a c tiv ity  in th e  r ig h t sg P F G  w as 
n e g a tiv e ly  co rre la te d  w ith  c o n s c io u s  p e rc e p tio n  o f  th e  sam e 

stim u li (r  1/4 - 3 , p  Vi .01 9 ) (see  F ig . 8 ).

4 . Discussion

T h e  p r e s e n t  s tu d y  in v e s t ig a te d  th e  r e l a t i o n  b e tw e e n  p e r i p h ­

e r a l  a r o u s a l  a n d  v i s u a l  a w a r e n e s s  f o r  f e a r f u l  a n d  n e u t r a l  
b o d i ly  e x p r e s s io n s ,  a s  w e l l  a s  th e  i n f lu e n c e  o f  th e s e  p r o c e s s e s  

o n  b r a in  a c t iv i ty  d u r in g  a t te n t io n a l  c o m p e t i t io n .  T h e re  w e r e  

f o u r  m a in  f in d in g s ,  a s  d i s c u s s e d  b e lo w  in  th e  f o l lo w in g  
s e c t io n s .

u n iq u e ly  a c t iv a te d  o r  d e a c t iv a te d  in  th e  c o m p a r is o n  o f  
c o n s c io u s  w ith  n o n c o n s c io u s  p e r c e p t io n  o f  fe a r . T h is  r e s u l te d  

in  n in e  R O Is , s e v e n  s ig n if ic a n tly  m o re  a c t iv e  d u r in g  c o n s c io u s  

p e r c e p t io n  ( i .e ., le f t  a n d  r ig h t  a n t lN S , le f t  M I , le f t  P M C , le f t  S I, 

le f t  a n d  r ig h t  c e re b e l lu m )  a n d  tw o  s ig n if ic a n tly  m o re  a c t iv e

4 .1 . B e h a v io r a lp r o f i l e  o f  v i s u a l  e x t in c t io n  a s  r e v e a le d  b y  

s ig n a l  d e te c t io n

F ir s t ,  w e  e x te n d e d  o u r  p r e v io u s  b e h a v io r a l  r e s u l t s  s h o w in g  in  

a  n e w  p a t i e n t  t h a t  b o d i ly  e x p r e s s io n s  m a y  b i a s  th e

T a b le  4  e  S ig n i f ic a n t  a c t iv a t io n s  f o r  t h e  c o n s c io u s  p e r c e p t io n  o f  n e u t r a l  b o d ie s  in  B S S  d i s p la y s  (B S S  n e u t r a l  c o n s c io u s  e  B S S  
le f t - s id e  n e u t r a l  e x t in g u is h e d ) .

L obe S u rfa c e B r a in  a re a  (B ro d m a n n  a re a ) H e m is p h e re N . V oxels T a la ira c h  c o o rd in a te s

X  7  Z

Frontal
Lateral

MFG/1PFC(9) L 27334 - 4 2 27 32
MFG/dlPFC(6) R 5357 42 10 45
SFG/dlPFC (8) L 17130/2 - 2 5 28 48

Mesial
SFG/mPFC (8) R 10204 4 32 45

Parietal
Lateral

IPL (40) L 716 - 5 2 - 3 4  24
Temporal

Lateral
MTG/EBA(39) L 1323 - 3 9 - 6 2  30

Orbital
FG/FBA (37) L 6209 - 4 7 - 4 6  - 1 4
FG/FBA (37) R 2554 52 - 4 6  -1 3

All activations are significant al q < .05 corrected for FDR.
Abbreviations'. dlPFC ^4 dorso-lateral prefrontal cortex; EBA ^4 extrastriate body area; FBA ^4 fusiform body area; FG ^4 fusiform gyrus; IPL ^4 inferior
parietal lobule; IPFC 4̂ lateral prefrontal cortex; M FG ^4 middle frontal gyrus; mPFC /̂4 middle prefrontal cortex; MTG ’'A middle temporal gyrus;
SFG ^4 superior frontal gyrus.



F ig . 7  e  S ig n if ic a n t  a c t iv a t io n s  fo r  th e  c o n s c io u s  p e r c e p t io n  o f  f e a r fu l  b o d ie s  in  B S S  d is p la y s , s u p e r im p o s e d  o n  p a t ie n t  M .P .'s  

b r a in  (B S S  le f t - s id e  f e a r fu l  c o n s c io u s  e  B S S  le f t - s id e  f e a r fu l  e x tin g u is h e d ) . A )  A c t iv i ty  in  th e  a m y g d a la , b i la te ra l ly , a n te r io r  

in s u la , m o to r  a n d  c in g u la te  c o r te x  o n  a  c o ro n a l  s lic e  (T a la ir a c h  c o o rd in a te : Y  Vi ¡5); B )  A c tiv i ty  s u p e r im p o s e d  o n  a  3 -D  
r e c o n s tru c t io n  o f  M .P . 's  le f t  h e m is p h e re  o u t l in in g  re s p o n s e s  in  th e  in s u la , s e n s o ry -m o to r  c o r t ic e s  a n d  v e n tr a l  e x tra s t r ia te  

v is u a l  a re a s ;  C )  A c t iv i ty  in  th e  a n te r io r  in s u la  a n d  s tr ia te  c o r te x , b i la te ra l ly , o n  a  tr a n s v e r s a l  s l ic e  (Z  Vi 3 ); D )  A c t iv i ty  

c in g u la te  c o r te x , s tr ia te  c o r te x  a n d  c e r e b e l lu m , a n d  d e a c t iv a t io n  ( in  b lu e )  in  th e  sg P F C , o n  a  s a g i t ta l  s lic e  ( X  Vi 5).

c o m p e t i t io n  fo r  a t te n t io n  a n d  g a in  p r iv i le g e d  a c c e s s  to  v is u a l  

a w a re n e s s , d e s p ite  p a th o lo g ic a l  in a t te n t io n  fo llo w in g  p a r ie ta l  
d a m a g e  (T a m ie t to  e t  a l .,  2 0 0 7 ) . T o  o u r  k n o w le d g e  th is  is  th e  

f i r s t  t im e  th a t  a  p ro c e d u re  in  w h ic h  th e  su b je c t  p ro v id e s  a  

c o n f id e n c e  ra t in g  o n  th e  a c c u ra c y  o f  h is  o w n  c o n s c io u s  

p e r c e p t io n  is  a p p l ie d  to  th e  s tu d y  o f  v is u a l  e x tin c tio n . I t  h a s  
b e e n  s u g g e s te d  th a t ,  u n d e r  a m b ig u o u s  p e rc e p tu a l  c o n d i t io n s , 

o b s e rv e r s  te n d  to  u n d e re s t im a te  a w a re n e s s  a n d  s h o w  a  

r e s p o n s e  b ia s  to w a rd  r e p o r t in g  th a t  th e  s t im u lu s  h a s  n o t  b e e n  

c o n s c io u s ly  p e r c e iv e d  (K o u id e r  &  D e h a e n e , 2 0 0 7 ; P e s s o a , 
J a p e e , S tu rm a n , &  U n g e r le id e r ,  2 0 0 6 ; P e s s o a , J a p e e , &  

U n g e r le id e r ,  2 0 0 5 ) . M o re o v e r , c o n f id e n c e  r a t in g s  e n a b le d  u s  

to  a p p ro a c h  v is u a l  a w a re n e s s  a s  a  g r a d e d  a n d  d im e n s io n a l ,  

r a th e r  th a n  d is c re te , p h e n o m e n o n  ( M itc h e l l  &  G re e n in g , 2 0 1 2 ; 
S z c z e p a n o w s k i  &  P e s s o a ,  2 0 0 7 ) . In  c o m b in a t io n  w i th  s ig n a l 

d e te c t io n  m e th o d s ,  c o n f id e n c e  ra t in g  p ro v id e s  a  m e a s u re  o f  

p e r c e p tu a l  se n s it iv i ty  th a t  is  u n a f fe c te d  b y  re s p o n s e  b ia s . W e  

f o u n d  th a t  p e r c e p tu a l  s e n s i t iv i ty  f o r  le f t - s id e  f e a r fu l  b o d ie s  
w a s  u n a l te r e d  b y  th e  p r e s e n c e  o f  a  c o m p e tin g  r ig h t- s id e  

s t im u lu s , w h e re a s  s e n s it iv i ty  fo r  le f t - s id e  n e u tr a l  e x p r e s ­

s io n s  w a s  s ig n if ic a n tly  d e c r e a s e d  u n d e r  th e  s a m e  c o n d it io n s . 

T h is  s e le c tiv ity  fo r  f e a r  r u le s -o u t  a n  in te rp re ta t io n  in  te rm s  o f  
r e s p o n s e  b ia s ,  a n d  in d ic a te s  th a t  th e  p re -a tte n t iv e  se n s it iv i ty  

to  e m o tio n a l  s a l ie n c e  is  r e la t iv e ly  p re s e rv e d  in  th e  c o n t r a le ­

s io n a l  L V F  a n d  a b le  to  c o n tr a s t  th e  p a th o lo g ic a lly  l im ite d  c a ­

p a c i ty  to  p r o c e s s  v is u a l  in fo rm a t io n  u n d e r  c o m p e ti t iv e  
s itu a tio n s .

4 .2 . A u to n o m ic  c h a n g e s  r e la te d  to  c o n s c io u s  a n d  
n o n c o n s c io u s  p e r c e p t io n

S e c o n d ly , w e  a n a ly z e d  p h a s ic  p u p i l  d i la ta t io n  in  r e la t io n  to  

e m o tio n  p ro c e s s in g  a n d  v is u a l  a w a re n e s s . P u p i l  d i la t io n  is 
in d e e d  a  m e a s u re  o f  in c r e a s e  in  a u to n o m ic  a ro u s a l  in d u c e d  b y  

sy m p a th e tic  s y s te m  a c tiv ity  (B a rb u r , 2 0 0 4 ) , a n d  is  in f lu e n c e d  
d if fe re n tia l ly  b y  th e  e m o tio n a l  c o n te n t  o f  f a c ia l  a s  w e l l  a s  

b o d ily  e x p re s s io n s  (T a m ie tto  e t  a l .,  2 0 0 9 ) . O u r  r e s u l ts  sh o w  

a d d i t iv e  e f fe c ts  o f  e m o tio n  a n d  a w a re n e s s . I n  fa c t ,  w h e re a s  
e x p o s u re  to  f e a r fu l  e x p re s s io n s  in d u c e d  m o re  d i la t io n  th a n  

n e u tr a l  e x p re s s io n s  in d e p e n d e n t  o f  v is u a l  a w a re n e s s , 
n o n c o n s c io u s  p e r c e p t io n  fu r th e r  in d u c e d  a d d i t io n a l  d i la t io n , 

a l th o u g h  o n ly  fo r  f e a r fu l  e x p re s s io n s . T h is  in d ic a te s  th a t  th e  

r e la t io n  b e tw e e n  v is u a l  a w a re n e s s  a n d  p e r ip h e ra l  c h a n g e s  is  
s e n s i t iv e  to  s t im u lu s  c o n te n t  a n d  p o s s ib ly  e n ta i ls  p a r t ly  

d if fe r e n t  m e c h a n is m s  d e p e n d in g  o n  w h e th e r  a w a re n e s s  o c ­
c u rs  f o r  e m o tio n a l  o r  n e u tr a l  s ig n a ls  (A m tin g  e t  a l .,  2 0 1 0 ) . 

D e c o u p lin g  o f  ( in c re a se d )  so m a tic  c h a n g e s  a n d  ( la c k  o f)  

c o n s c io u s  v is u a l  e x p e r ie n c e  h a s  b e e n  p r e v io u s ly  r e p o r te d  in  
p a t ie n ts  w i th  c o r t ic a l  b l in d n e s s  a n d  s u g g e s ts  th a t  e n h a n c e d  

p h y s io lo g ic a l  a ro u s a l  is  n o t  s u f f ic ie n t  b y  i t s e l f  to  lo w e r  th e  
th r e s h o ld  fo r  v is u a l  a w a re n e s s  (A n d e rs  e t  a l .,  2 0 0 4 , 2 0 0 9 ; 

T a m ie tto  e t  a l .,  2 0 0 9 ) . T h is  a rg u e s  a g a in s t  th e  h y p o th e s is  o f  

a  d ir e c t  re la t io n s h ip  b e tw e e n  v is u a l  a w a re n e s s  f o r  e m o tio n a l  
s ig n a ls  a n d  p e r ip h e ra l  c h a n g e s . T h e  p r e s e n t  f in d in g s  th u s  le a d  

to  th e  q u e s t io n  o f  h o w  b o d i ly  c h a n g e s  a re  m a p p e d  a n d



T  a b le  5 e  S ig n i f i c a n t  a c t iv a t io n s  f o r  th e  c o n s c io u s  p e r c e p t io n  o f  f e a r f u l  b o d ie s  in  B  S S  d i s p l a y s  (B S S  le f t - s id e  f e a r f u l  c o n s c io u s  
e  B S S  le f t - s id e  f e a r f u l  e x t in g u is h e d ) .

L obe S u rface  B ra in  a r e a  (B ro d m a n n  a r e a )  H e m is p h e re  N . V oxels T a la ira c h  c o o rd in a te s

Activations
Frontal

Insular

Limbic

Lateral

Deactivations

Parietal

Temporal

Occipital

Cerebellum

Limbic

Mesial

Lateral

Orbital

Mesial

Lateral

Mesial

IFG/PMC (9) 
PrG/MI (4)

antINS(13)
antINS(13)

AMG
AMG

GING (32) 
GING (32)

IPL (40) 
PoG/SI (2)

FG/FBA(37)

LG/GAS (18)

M OG(37)

Culm en
Culm en

ACC/sgPFC(32)
AGG/sgPFG(32)

15996
5687

3530
1898

199
212

10220
793

7759
8353

5538

9656

5064

8326
7934

300
1307

-5 2
-3 8

-3 5
35

-21

24

-4 4
-4 9

-3 9

-6

-4 8

-2 9
27

- 4
5

1

-12

13
20

-2
- 7

- 4
14

-3 6
-2 7

-5 9

-8 0

-66

-61
-5 9

42
36

47

-1 7
-11

-4 4
36

50

-12

-5

-2 4
-21

- 4
- 9

A ll activations and deactivations are significant aX q < .05 corrected for FDR.
Abbreviations'. ACC 4̂ anterior cingulate cortex; AMG 4̂ amygdala; antlNS 4̂ anterior insula; CAS 4̂ calcarine sulcus; CING 4̂ cingulate cortex; 
FBA 4̂ fusiform body area; FG 4̂ fusiform gyrus; IFG 4̂ inferior frontal gyrus; IPL 4̂ inferior parietal lobule; LG 4̂ lingual gyrus; MI 4̂ primary motor 
cortex; MOG 4̂ middle occipital gyrus; PoG 4̂ postcentral gyrus; PrG 4̂ precentral gyrus; PMC 4̂ premotor cortex; sgPFC 4̂ subgenual prefrontal 
cortex; SI 4̂ primary somatosensory cortex.

in te g r a te d  a t  th e  c e n t r a l  n e u r a l  l e v e l  w i th  m e c h a n is m s  f o r  

e m o t io n  p r o c e s s in g  a n d  in te r o c e p t io n  in  o r d e r  to  f o s t e r  v i s u a l  
a w a re n e s s .  W e  d i s c u s s  th i s  i s s u e  b e lo w  w h i le  c o n s id e r in g  th e  

n e u r a l  s ig n a tu r e  o f  c o n s c io u s  p e r c e p t io n  o f  f e a r f u l  a n d  

n e u t r a l  b o d i ly  e x p r e s s io n s .

4 .3 . T h e  n e u r a l  f a t e  o f  n o n c o n s c io u s  f e a r fu l  p e r c e p tio n

T h ird ly , o u r  n e u ro im a g in g  r e s u l ts  d e m o n s tra te  th a t  s e v e ra l  

a re a s , su c h  a s  th e  a m y g d a la , th e  P C C  a n d  s tr ia te  a n d  e x tr a s ­
t r ia te  v e n tr a l  v is u a l  a re a s , s t i l l  r e s p o n d e d  to  f e a r fu l  b o d ily  e x ­

p r e s s io n s  d e s p ite  u n a w a re n e s s . T h is  is  in  l in e  w ith  p r e v io u s  

f in d in g s  o n  n o n c o n s c io u s  p ro c e s s in g  o f  e m o tio n a l  s ig n a ls  in  

h e a l th y  su b je c ts  a s  w e l l  a s  in  n e u ro lo g ic a l  p a t ie n ts  w ith  
e x t in c t io n  o r  b l in d s ig h t  (A m tin g  e t  a l.,  2 0 1 0 ; M o r r is ,  F r is to n , 

e t  a l .,  1 9 9 8 ; M o r r is ,  O h m a n , e t  a l .,  1 9 9 8 ; T a m ie tto  &  d e  G e ld e r ,  

2 0 1 0 ; V a n  d e n  S to c k  e t  a l.,  2 0 1 1 ; V u il le u m ie r ,  2 0 0 5 ; 

V u il le u m ie r  e t  a l .,  2 0 0 2 , 2 0 0 4 ; W h a le n  e t  a l .,  1 998). I t  h a s  b e e n

s u g g e s te d  th a t  th is  n e u ra l  n e tw o rk ,  w h ic h  is  c e n te r e d  o n  d ir e c t  

a m y g d a la  m o d u la to ry  in f lu e n c e s  o v e r  v is u a l  a re a s , is  r e s p o n ­
s ib le  fo r  th e  p r iv ile g e d  a c c e s s  o f  e m o tio n a l  s ig n a ls  to  a w a r e ­

n e s s  a n d  o p e ra te s  a s  a  b o t to m -u p  a m p lif ie r  o f  se n so ry  

p ro c e s s in g  (G a rr id o , B a m e s ,  S a h a n i,  &  D o la n ,  2 0 1 2 ; M o r r is ,  
F r is to n , e t  a l .,  1 9 9 8 ; V u il le u m ie r , 2 0 0 5 ; V u il le u m ie r  e t  a l., 

2 0 0 4 ) . N o te w o r th y , h o w e v e r , w e  o b s e rv e d  a c tiv i ty  in  th e  
sa m e  s tru c tu re s  i r re s p e c tiv e ly  o f  a w a re n e s s , a s  th e s e  a re a s  

w e re  a ls o  r e s p o n s iv e  d u r in g  c o n s c io u s  p e r c e p t io n  o f  fe a r fu l  

b o d ie s . T h is  in d ic a te s  th a t  th e  p r e s e n t  m e c h a n is m  c a n n o t  b e  
c o n s id e re d  th e  s e le c t iv e  n e u ra l  s ig n a tu re  o f  e m o tio n a l  

a w a re n e s s . O u r  e v id e n c e  a ls o  c o n v e rg e s  w ith  r e s u l ts  s h o w in g  
th a t  p u re ly  s e n s o ry -d r iv e n  a c t iv a t io n  o f  v is u a l  p a th w a y s  is  n o t  

s u f f ic ie n t  to  in d u c e  c o n s c io u s  p e r c e p t io n  w h e n  i t  is  d is c o n ­

n e c te d  f ro m  c o m p le m e n ta ry  to p -d o w n  in f lu e n c e s  f ro m  f ro n to ­
p a r ie ta l  a r e a s  (D e l  C u i,  D e h a e n e , R e y e s ,  B ra v o , &  S la c h e v s k y , 

2 0 0 9 ; D e s im o n e  &  D u n c a n ,  1 9 9 5 ; O 'C ra v e n , D o w n in g , &  
K a n w is h e r ,  1 9 9 9 ; P e s s o a e t a l . ,  2 0 0 2 ; V u i l le u m ie r  e ta l . ,  2 0 0 8 ) .
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F ig .  8  e  C o r r e la t io n s  b e tw e e n  c o n f id e n c e  r a t in g s  o f  v i s u a l  

a w a r e n e s s  a n d  b r a in  a c t iv i ty  in  A )  le f t  a n te r io r  in s u la ;  B ) 

l e f t  p r im a r y  s o m a to s e n s o ry  c o r te x ;  C ) s u b g e n u a l  p r e f r o n ta l  
c o r te x .  T h e  s o l id  r e d  l in e  r e p r e s e n t s  p r e d ic te d  ( i .e . ,  f i t t e d )  

c o r r e la t i o n  b e tw e e n  b e h a v io r a l  a n d  b r a in  m e a s u r e s ,  w h i le  
t h e  d a s h e d  r e d  l in e s  r e p r e s e n t  9 5 %  c o n f id e n c e  l im its .

I n te re s t in g ly , n e u ra l  r e s p o n s e  in  th e  s g P F C  a n d  in  th e  

m P F C  in c re a s e d  w h e n  fe a r fu l  b o d ily  e x p re s s io n s  w e re  p h y s i ­

c a l ly  p r e s e n t  b u t  n o t  c o n s c io u s ly  p e rc e iv e d , a  f in d in g  th a t  w a s  
c o n s is te n t  a c ro s s  tw o  d if fe r e n t  c o n tr a s ts  ( s e e  T a b le s  3 a n d  5). 

T h e s e  a r e a s  a re  in v o lv e d  in  e m o tio n a l  r e g u la t io n  ( O c h s n e r  &

G ro s s , 2 0 0 5 )  a n d  h a v e  b e e n  p r e v io u s ly  r e p o r te d  d u r in g  v isu a l  
su p p re s s io n  o f  f e a r fu l  f a c ia l  e x p re s s io n s  in  b in o c u la r  r iv a lry  

(A m tin g  e t  a l., 2 0 1 0 ; L e m e r  e t  a l .,  2 0 1 2 ) . M o re o v e r , a n  in v e r se  
r e la t io n s h ip  h a s  b e e n  o b s e rv e d  b e tw e e n  s y m p a th e tic  a ro u sa l ,  

o n  th e  o n e  h a n d ,  a n d  a c tiv ity  in  th e  sg P F C  a n d  m P F C , o n  th e  

o th e r  (N a g a i ,  C r i tc h le y , F e a th e r s to n e , T r im b le , &  D o la n ,  2 0 0 4 ) . 
O u r  f in d in g s  th u s  s u g g e s t  th a t  sg P F C  a n d  m P F C  m a y  a lso  e x e r t  

a  s im ila r  to p - d o w n  re g u la to ry  in f lu e n c e  o v e r  lim b ic  a re a s  fo r  
b o d ily  e x p re s s io n s . In  s u p p o r t  o f  th is  su rm is e , w e  fo u n d  m o re  

e x te n d e d  a c tiv i ty  in  l im b ic  a r e a s  fo r  c o n s c io u s  th a n  n o n c o n ­

sc io u s  p e r c e p t io n  o f  f e a r , w ith  b i la te r a l  a m y g d a la , c in g u la te  
a n d  in s u la r  a c t iv i ty  in  th e  fo rm e r  c o n d it io n .

4 .4 . N e u r a l  s ig n a tu r e  o f  c o n s c io u s  p e r c e p t io n  o f  n e u t r a l  

a n d  f e a r f u l  s ig n a ls

F o u r th ly , w e  c o n s id e re d  th e  n e u r a l  c o r r e la te s  s e le c t iv e  f o r  th e  

c o n s c io u s  p e r c e p t io n  o f  n e u t r a l  a n d  f e a r f u l  b o d i ly  e x p r e s ­

s io n s . V is u a l  a w a r e n e s s  o f  n e u t r a l  b o d ie s  w a s  a s s o c ia te d  w i th  

IP F C  a n d  p a r ie ta l  c o r te x  a c tiv ity . T h e s e  a r e a s  c o n s t i tu te  a  
n e tw o r k  f o r  th e  t o p - d o w n  c o n t r o l  o f  a t t e n t io n  th a t  e n h a n c e s  

t h e  n e u r a l  r e p r e s e n ta t io n  o f  s e n s o r y  s t im u l i  in  v i s u a l  a r e a s ,  

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

m u l t i p le  c o m p e t in g  s ig n a ls  ( R a s te l l i  e t  a l . ,  2 0 1 3 ) . A c t iv i ty  in  
th i s  n e tw o r k  a p p e a r s  in d e p e n d e n t  o f  th e  p a r t i c u la r  v i s u a l  t a s k  

a n d  is  in s e n s i t iv e  to  t h e  s p e c i f i c  c o n te n t  o f  t h e  s t im u lu s .  F o r  

e x a m p le ,  d i s t r ib u te d  a c t iv i ty  in  f r o n t a l  a n d  p a r ie ta l  a r e a s  is  

o b s e rv e d  d u r in g  d i r e c te d  a t t e n t io n  in  b o th  th e  p r e s e n c e  a n d  
a b s e n c e  o f  v i s u a l  s t im u la t io n ,  b u t  n o t  w h e n  v i s u a l  s t im u l i  a re  

p r e s e n te d  a t  u n a t t e n d e d  lo c a t io n s  ( C o rb e t ta ,  K in c a d e ,  

O l l in g e r ,  M c A v o y ,  &  S h u lm a n , 2 0 0 0 ;  K a s tn e r ,  P in s k ,  D e  

W e e r d ,  D e s im o n e ,  &  U n g e r le id e r ,  1 9 9 9 ) . M o r e o v e r ,  le s io n s  to  
t h e  IP F C  r e d u c e  th e  l i k e l ih o o d  t h a t  m a s k e d  s t im u l i  r e a c h  

a w a r e n e s s  ( D e l  C u i  e t  a l . , 2 0 0 9 ) . T h e s e  f i n d in g s  s h o w  th a t  th e  

f r o n to - p a r ie ta l  n e tw o r k  i s  th e  s o u r c e  o f  t o p - d o w n  f e e d b a c k  

b i a s in g  s t im u lu s  r e p r e s e n ta t io n  in  v i s u a l  a r e a s  r a th e r  th a n  i ts  
c o n s e q u e n c e .  O u r  r e s u l t s  in d ic a te  th a t ,  d e s p i te  a t t e n t io n  

d e p le t io n  in  v i s u a l  e x t in c t io n ,  th e  p a r t ia l  f u n c t io n in g  o f  th i s  

f r o n to - p a r ie ta l  n e tw o r k  is  s t i l l  c r i t ic a l ly  a s s o c ia te d  to  v i s u a l  

a w a r e n e s s  o f  n e u t r a l  s t im u li .  T h e re f o r e ,  d e p e n d in g  o n  th e  
e m o t io n a l  o r  n e u t r a l  c o n te n t  o f  t h e  s t im u l i ,  v e n t r a l  v i s u a l  

a r e a s  a p p e a r  to  b e  s u b je c te d  to  tw o  s o u r c e s  o f  e x c i ta to r y  

f e e d f o r w a r d  in f lu e n c e s ;  a  b o t to m - u p  in f lu e n c e  o r ig in a t in g  

f r o m  th e  a m y g d a la  in  th e  c a s e  o f  e m o t io n a l  s t im u l i ,  a n d  a  to p -  

d o w n  in f lu e n c e  f r o m  th e  f r o n to - p a r ie ta l  n e tw o r k  in  t h e  c a s e  
o f  m o r e  m u n d a n e  s t im u li .

U n l ik e  n e u tr a l  b o d i ly  e x p re s s io n s , c o n s c io u s  p e r c e p t io n  o f  

f e a r fu l  b o d ie s  w a s  u n iq u e ly  a s s o c ia te d  w ith  a c tiv ity  in  th e  
a n te r io r  in s u la , s o m a to s e n s o ry , m o to r  a n d  p r e m o to r  c o r te x , 

a n d  in  th e  c e re b e llu m ; a  f in d in g  fu r th e r  c o r ro b o ra te d  b y  th e  

s ig n if ic a n t  c o r re la t io n  b e tw e e n  n e u ra l  a c t iv i ty  in  s o m e  o f  
th e s e  r e g io n s  a n d  m e a s u re s  o f  v is u a l  a w a re n e s s . T h e se  a re a s  

a re  im p lic a te d  in  in te ro c e p tio n , p e r c e p t io n  o f  s e n so ry -m o to r  
c h a n g e s  in  th e  o rg a n is m , a n d  a f fo rd  a n  in te g ra l  n e u ra l  

m e c h a n is m  f o r  th e  m o m e n t- to -m o m e n t  m a p p in g  o f  b o d ily  

s ta te s  (C ra ig , 2 0 0 9 ; C r itc h le y , 2 0 0  5; C r i tc h le y  e t  a l .,  2 0 0 2 ,2 0 0 5 ;  
K h a ls a  e t  a l .,  2 0 0 9 ) . A l th o u g h  th e  ro le  o f  th e  c e r e b e l lu m  in  

m o to r  c o o rd in a t io n  is  w e l l  e s ta b lis h e d , r e c e n t  s tu d ie s  a lso  
in d ic a te  its  c r i t ic a l  c o n tr ib u tio n  to  th e  in te g ra t io n  o f  so m a tic -  

v is c e ra l  s ig n a ls  (Z h u , Y u n g , K w o k -C h o n g  C h o w , C h a n , &



W a n g , 2 0 0 6 ) . M o re o v e r ,  c e r e b e l la r  le s io n s  in d u c e  a  d e f ic i t  in  
c o n s c io u s  e m o tio n  re c o g n i t io n  a n d  re d u c e  e m o tio n a l  e x p e r i­

e n c e  (D 'A g a ta  e t  a l .,  2 0 1 1 ; T u rn e r  e t  a l .,  2 0 0 7 ) . H e n c e , w h e n  

p h y s io lo g ic  a ro u s a l  w a s  r e f le c te d  in  th e  a c tiv i ty  o f  b r a in  r e ­

g io n s  u n d e r ly in g  a f f e r e n t  r e p r e s e n ta t io n s  o f  p e r ip h e r a l  b o d i ly  

s ta te s ,  t h e  p a t i e n t  a ls o  e x p e r ie n c e d  v i s u a l  a w a r e n e s s  o f  th e  
f e a r f u l  b o d ie s .  C o n v e r s e ly ,  th e  d e c o u p l in g  o f  p e r ip h e ra l  

a r o u s a l  a n d  th e  r e p r e s e n ta t io n  a t  c e n t r a l  n e u r a l  l e v e l  o f  th e s e  

o n g o in g  p h y s io lo g ic a l  c h a n g e s  w a s  a s s o c ia te d  w i th  p e r c e p ­

tu a l  u n a w a r e n e s s .  T h is  i n d ic a te s  t h a t  s im i la r  s ta te s  o f  a r o u s a l  
c a n  b e  a s s o c ia te d  w i th  d i f f e r e n t  c o n d i t io n s  o f  v i s u a l  e x p e r i ­

e n c e  f o r  e m o t io n a l  s ig n a ls ,  d e p e n d in g  o n  th e  l e v e l  o f  c o r t ic a l  

r e p r e s e n ta t io n  o f  th e s e  p h y s io lo g ic a l  c h a n g e s .

P h y s io lo g ic a l  a ro u s a l  w a s  e n h a n c e d  d u r in g  n o n c o n s c io u s  
c o m p a re d  to  c o n s c io u s  p e r c e p t io n  o f  f e a r fu l  e x p re s s io n s , a  

r e s u l t  th a t  m a y  a p p e a r  p a ra d o x ic a l .  H o w e v e r , p r e v io u s  

s tu d ie s  in  h e a l th y  s u b je c ts  a s  w e l l  a s  b r a in  d a m a g e d  p a t ie n ts  
a lso  r e p o r te d  th a t  a u to n o m ic  a ro u s a l  o r  p h e n o m e n a l  a f fe c ­

t iv e  e x p e r ie n c e  m a y  b e  m o re  in te n s e  w h e n  t r ig g e re d  b y  
s t im u li  th a t  r e m a in  in a c c e s s ib le  to  a w a re n e s s  (A n d e rs  e t  a l., 

2 0 0 4 , 2 0 0 9 ; L a d a v a s ,  C im a t t i ,  D e l  P e s c e , &  T u o z z i ,  1 9 9 3 ; 

T a m ie tto  e t  a l .,  2 0 0 9 ; W in k ie lm a n  &  B e r r id g e ,  2 0 0 4 ) . T e n ta ­
t iv e ly , w e  su g g e s t  th a t  th is  e n h a n c e d  p h y s io lo g ic a l  r e s p o n s e  

fo r  e x t in g u is h e d  fe a r fu l  e x p re s s io n s  c a n  r e f le c t  th e  la c k  o f  
in h ib ito ry  c o r t ic a l  fe e d b a c k , m a in ly  f ro m  th e  in s u la , c in g u ­

la te  a n d  p a r ie ta l  c o r te x , o v e r  su b c o r t ic a l  l im b ic  a re a s  (B u s h  &  

S e jn o w sk i,  1 9 9 6 ; T a m ie tto  &  d e  G e ld e r ,  2 0 1 0 ) . I n  fa c t ,  p a s s iv e  
su p p re s s io n  o r  u n a w a re n e s s  o f  e m o tio n a l  s ig n a ls  r e d u c e s  o r  

a b o l is h e s  c o r t ic a l  a c tiv i ty  in  th e  in s u la  o r  p a r ie ta l  c o r te x  
(K a h s c h  e t  a l.,  2 0 0 5 ; N o r th o f f  e t  a l .,  2 0 0 4 ; W a g e r  e t  a l .,  2 0 0 4 ) , 

w h e re a s  a c t iv i ty  in  th e  a m y g d a la , w h ic h  is  o n e  im p o r ta n t  

n e u ra l  g e n e ra to r  o f  a f fe c t iv e  so m a tic  r e s p o n s e s ,  so m e tim e s  
in c re a se s  d u r in g  th e  s a m e  c o n d i t io n s  o f  u n a w a re n e s s  

(A n d e rs o n , C h r is to f f ,  P a n itz , D e  R o s a , &  G a b r ie l i ,  2 0 0 3 ; B is h o p  
e t  a l .,  2 0 0 4 ) . M o re o v e r , d i r e c t  e v id e n c e  in  a n im a l  m o d e ls  

su g g e s ts  th a t  in s u la r  a c tiv i ty  c a n  in h ib i t  a m y g d a la  re s p o n s e s . 
F o r  e x a m p le , e x o g e n o u s  m a n ip u la t io n  o f  p e r ip h e ra l  p h y s io ­

lo g ic a l  p a ra m e te r s ,  s u c h  a s  c a rd io v a s c u la r  p r e s s u re ,  p r o ­

d u c e s  a  d e c lin e  o f  s ig n a l  in te n s i ty  in  th e  in s u la  a n d  a  
c o n c o m ita n t  s ig n a l  in c r e a s e  in  th e  a m y g d a la  (H e n d e rs o n  

e t  a l.,  1 985). T h e re fo r e ,  th e  in s u la , a lso  c o n s id e r in g  th e  
e x te n s iv e  r e c ip ro c a l  c o n n e c tio n s  w ith  th e  a m y g d a la  (S h i  &  

C a s s e l l ,  1 9 9 8 ), s e e m s  id e a lly  p la c e d  to  m o d u la te  a n d , in  th e  

c a s e  o f  c o n s c io u s  p e rc e p t io n , d o w n - re g u la te  a ro u s a l  r e ­
sp o n s e s  t r ig g e re d  b y  th e  a m y g d a la . O u r  r e s u l ts  a lso  s h o w  

a d d i t iv e  e f fe c ts  o f  e m o tio n  a n d  v is u a l  a w a re n e s s  th a t  a p p e a r  
se le c tiv e ly  e x p re s s e d  in  a  n e tw o rk  o f  b r a in  a r e a s  in v o lv e d  in  

in te ro c e p tio n  a n d  s e n s o ry -m o to r  r e p re se n ta t io n . I n  f a c t, 

w h e re a s  e n h a n c e d  a m y g d a la  a c tiv i ty  w a s  s p e c if ic  fo r  
e m o tio n , b u t  e v id e n t  fo r  b o th  c o n s c io u s  a s  w e l l  a s  n o n c o n ­

sc io u s  p e r c e p t io n  o f  f e a r fu l  b o d ie s ,  a c t iv i ty  in  th e  in su la , 
s e n s o ry -m o to r  a re a s  a n d  c e re b e l lu m  w a s  m o d u la te d  o n ly  b y  

v is u a l  a w a re n e s s  o f  e m o tio n a l  s tim u li.

T a k e n  to g e th e r ,  t h e  p r e s e n t  f in d in g s  s u g g e s t  t h a t  th e  

in te g r a t io n  b e tw e e n  p e r ip h e r a l  a r o u s a l  a n d  th e  c e n t r a l  m a p ­
p in g  o f  o n g o in g  v i s c e r a l  a n d  s e n s o r y - m o to r  c h a n g e s  i s  c r i t ic a l  

f o r  c o n s c io u s  v i s u a l  e x p e r ie n c e  o f  e m o t io n a l  s ig n a ls .  T h is  

in te g r a t io n  s e e m s  to  o c c u r  in  t h e  a n te r io r  in s u la ,  m o to r  a n d  

s o m a to s e n s o ry  c o r te x ,  a n d  in  th e  c e r e b e l lu m . C le a r ly ,  
w h e th e r  th i s  p a t t e r  o f  a c t iv i ty  in d u c e s  v i s u a l  a w a r e n e s s  o f

e m o t io n s ,  r a th e r  t h e n  b e in g  i t s  c o n s e q u e n c e ,  r e m a in s  o p e n  to  

f u tu r e  in v e s t ig a t io n .
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tu a l  m is ta k e s  a n d , h o p e fu l ly ,  p r e v e n te d  s o m e  n e w  o n e s . 
T h o s e  p o s s ib ly  r e m a in in g  a re  e n tir e ly  M .T . 's  fa u lt .
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S ev en th  F ra m e w o rk  P ro g ra m m e , E R C  A d v a n c e d  G ran t 

(a g re e m e n t n u m b e r  2 9 5 6 7 3 ).

Supplementary data

S u p p le m e n ta ry  d a ta  r e la te d  to  th is  a r t ic le  c a n  b e  fo u n d  a t  
h ttp : / /d x .d o i .O rg /1 0 .1 0 1 6 /j .c o r te x .2 0 1 4 .1 0 .0 0 9 .

r e f e r e n c e s

A d o lp h s , R ., D am asio , H ., T ran e l, D ., C o o p er, G ., &  D am asio , A . R. 
(2000). A  ro le  fo r so m a to sen so ry  co rtice s  in th e  v isua l 
reco g n itio n  o f  em o tio n  as rev ea led  b y  th ree -d im en s io n a l 
lesion m apping. The Journal o f  Neuroscience, 20(7), 2683e2690.

A m ting, J. M ., G reening, S. G., & M itchell, D. G. (2010). M ultiple 
m echanism s o f  consciousness: the neural correlates o f  
em otional aw areness. The Jo u rn a l o f  N euroscience, 50(30), 
10039el0047 .

Anders, S., Birbaumer, N ., Sadowski, B., Erb, M., Mader, 1.,
Grodd, W ., e t al. (2004). P arietal som atosensory  association  
cortex  m ediates affective blindsight. N ature  N euroscience, 7(4), 
339e340.

A nders, S., E ippert, F., W iens, S., B irbaum er, N ., Lotze, M ., & 
W ildgruber, D. (2009). W hen  seeing outw eighs feeling: a role

http://dx.doi.Org/10.1016/j.cortex.2014.10.009


fo r p re fro n ta l co rtex  in p assiv e  co n tro l o f  n e g a tiv e  a ffe c t in 
b lindsight. B rain, 752(Pt 11), 3 0 2 1 e3 0 3 1.

A nderson, A. K., Christoff, K., Panitz, D., D e Rosa, E., & G abrieli, J. D.
(2003). N eural correlates o f  the autom atic processing o f  threat 
facial signals. The Journal o f  Neuroscience, 25(13), 5627e5633.

A zzopardi, P., & Cow ey, A. (1997). Is b lindsigh t like norm al, n ear­
thresho ld  P roceed ings o f  the N a tio n a l A ca d em y o f  Sciences  
o f  the U n itedS ta tes o f  A m erica , 94(25), 14190el4194 .

B arb u r, J. L. (2004). L earn in g  from  th e  pup il e  stud ies o f  bas ic  
m ech an ism s and  c lin ica l ap p lica tio n s. In L. M . C h a lu p a , &
J. S. W em er (Eds.), The visual neurosciences. Cambridge, MA: MIT 
Press.

Bartolomeo, P. (2007). Visual neglect. C urrent Opinion in Neurology, 
2(9(4), 381e386.

B ishop, S. J., D uncan, J., & L aw rence, A. D. (2004). S tate anxiety  
m odulation  o f  the am ygdala response to unattended threat- 
re lated  stim uli. T h eJourna lo fN euroscience , 24(46), 10364el0368 .

Bisiach, E., Cappa, S., & Vallar, G. (1983). Guida aUesame 
neuropsicologico. Milano: Raffaello Cortina Editore.

B isiach, E., V allar, G ., & G em iniani, G. (1989). Influence o f
response m odality  on perceptual aw areness o f  contralesional 
v isual Brain, 772 (P t6 ), 1627el636 .

B orgom aneri, S., G azzola, V., & A venanti, A. (2012). M otor
m apping  o f  im plied  actions during perception  o f  em otional 
b ody  language. B rain  S tim ulation, 5(2), 70e76.

B ush, P., & Sejnow ski, T. (1996). Inh ib ition  synchronizes sparsely 
connected  cortical neurons w ithin and betw een colum ns in 
realistic  netw ork  moáQÍs. Jo u rn a l o f  C om puta tiona l N euroscience, 
5(2), 9 1 e l l0 .

Calder, A. J., K eane, J., M anes, F., A ntoun, N ., & Y oung, A. W . 
(2000). Im paired  recognition  and experience o f  d isgust 
fo llow ing brain  in ju ry . N a ture  N euroscience, 5(11), 1077el078 .

C atani, M ., D ell'acqua, F., & T hiebau t de Schotten, M . (2013). A 
rev ised  lim bic system  m odel for m em ory, em otion  and 
behaviour. N euroscience & Biobehavior al Reviews, 57(8), 
1724el737.

Corbetta, M., Kincade, J. M., Ollinger, J. M., McAvoy, M. P., &
Shu lm an , G . L. (2000). V o lu n ta ry  o rien tin g  is d isso c ia ted  from  
ta rg e t d e tec tio n  in h u m an  p o ste rio r  p arie ta l co rtex . N a tu re  
Neuroscience, 5(3), 292e297.

C o rb e tta , M ., &  S hu lm an , G . L. (2002). C o n tro l o f  g o a l-d irec ted  and  
stim u lu s-d riv en  a tten tio n  in th e  b ra in . N a tu re  R e v ie w s  
Neuroscience, 5(3), 201e215.

Couto, B., Sedeño, L., Sposato, L. A., Sigman, M., Riccio, P. M., 
Salles, A ., e t al. (2013). In su la r  n e tw o rk s  fo r em o tio n a l 
p ro cess in g  an d  soc ial cogn itio n : co m p ariso n  o f  tw o  case  
rep o rts  w ith  e ith e r  co rtica l o r  su b co rtica l in v o lv em en t. C ortex, 
49(5), 1420el434.

C raig, A. D. (2009). H ow  do you feelenow ? The an terio r insu la  and 
hum an aw areness. N ature  R eview s N euroscience, 70(1), 59e70.

C ritchley , H. D. (2005). N eural m echan ism s o f  autonom ic, 
affective, and cognitive integration. Jo u rn a l o f  C om parative  
Neurology, 493{l% 154el66.

C ritchley , H. D., M athias, C. J., & D olan, R. J. (2002). Fear conditioning  
in hum ans: the influence o f  aw areness and autonom ic arousal 
on functional neuroanatom y. N euron, 55(4), 653e663.

Critchley, H. D., Rotshtein, P., Nagai, Y., O 'Doherty, J.,
M athias, C. J., & D olan, R. J. (2005). A ctiv ity  in the hum an brain 
p redicting  differential heart rate responses to em otional facial 
expressions. 24(3), 751e762.

D'Agata, F., Caroppo, P., Baudino, B., Caglio, M., Croce, M.,
B ergui, M ., e t al. (2011). The recognition  o f  facial em otions in 
sp inocerebellar atax ia  patients. C erebellum , 10(3), 600e610.

de G elder, B. (2006). T ow ards the neurob io logy  o f  em otional body 
XsingusigQ. N a ture  R eview s N euroscience, 7(3), 242e249.

de G elder, B., van  H onk, J., & T am ietto , M . (2011). E m otion  in the 
brain: o f  low  roads, high roads and roads less travelled . N ature  
R eview s N euroscience, 12(1), 425. author rep ly  425.

de  G eld er, B ., H o rten siu s , R ., &  T am ie tto , M . (2012). A tten tio n  and 
aw aren ess  each  in flu e n ce  am y g d a la  a c tiv ity  fo r dy n am ic  
bod ily  expressions-a short review . F ron tiers in In tegra tive  
Neuroscience, 6, 54.

de G elder, B., Snyder, J., G reve, D., G erard, G., & H adjikhani, N.
(2004). Fear fosters flight: a m echanism  for fear contagion 
w hen perceiv ing  em otion expressed  by a w hole body. 
Proceedings o fth e  N ational A cadem y o f  Sciences o fth e  U nitedStates  
o f  Am erica, 101{A7), 16701el6706.

de G elder, B., & Van den Stock, J. (2011). The bod ily  expressive 
action  stim ulus tes t (B EA ST). C onstruction  and validation  o f  a 
stim ulus basis for m easuring  perception  o f  w hole body 
expression  o f  em otions. F rontiers in P sychology, 2, 181.

D el Cui, A ., D ehaene, S., R eyes, P., B ravo, E., & S lachevsky, A. 
(2009). C ausal ro le o f  p refrontal cortex  in the th reshold  for 
access to consciousness. Brain, 752(Pt 9), 2531e2540.

Desimone, R., & Duncan, J. (1995). Neural m echanism s o f  selective 
visual attention. A nnual Review  o f  Neuroscience, 18, 193e222.

Driver, J., & Mattingley, J. B. (1998). Parietal neglect and visual 
awareness. N ature Neuroscience, 7(1), 17e22.

Esteves, F., D im berg, U., & O hm an, A. (1994). A utom atically  
elicited  fear: conditioned skin conductance responses to 
m asked  facial expressions. C ognition  & Em otion, 8(5),
9 9el08 .

Evans, S., & A zzopardi, P. (2007). E valuation  o f  a 'bias-free' 
m easu re  o f  aw aren ess. S p a tia l V ision, 2 0 ( le 2 ), 61e77.

Folstein , M . F., Folstein , S. E., & M cH ugh, P. R. (1975). “M ini-m ental 
sta te” . A practical m ethod  for grading the cognitive state o f  
patients for the clinician. Jo u rn a l o f  P sych ia tric  R esearch, 72(3), 
189el98.

Garrido, M. L, Barnes, G. R., Sahani, M., & Dolan, R. J. (2012). 
Functional evidence for a dual route to am ygdala. Current 
Biology, 22(2), 129el34.

G enovese, C. R., Lazar, N. A., & N ichols, T. (2002). T hresholding o f  
sta tistical m aps in functional neuro im aging  using  the false 
àìsQovQYy raXQ. N euro im age, 75(4), 870e878.

G lascher, J., & A dolphs, R. (2003). Processing  o f  the arousal o f  
su b lim in a l an d  su p ra lim in a l em o tio n a l stim u li b y  th e  h um an  
SimygdsiXsi. The Journa lo fN eu ro sc ien ce , 25(32), 10274el0282 .

Green, D. M., & Swetz, J. A. (1966). Signal detection theory and  
psychophysics. N ew  York: W iley.

Harvey, L. O. (2010). R score P lus (Version 5.6.1). Retrieved from 
http://psych.colorado.edu/~lharvey/htm l/softw are.htm l.

Henderson, L. A., Richard, C. A., M acey, P. M., Runquist, M. L.,
Yu, P. L., Galons, J. P., et al. (1985). Functional m agnetic 
resonance signal changes in neural structures to baroreceptor 
reflex activation. Journal o f  A p p lied  Physiology, 96(2), 693e703.

Ibanez, A., G leichgerrcht, E., & M anes, F. (2010). C lin ical effects o f  
insu lar dam age in hum ans. B rain  S truc ture  and  F unction, 
214(5q6), 397e410.

Jam es, W . (1884). W h at is an em otion? M ind, 9, 188e205.
Julian, J. B., Fedorenko, E., W ebster, J., & K anw isher, N . (2012). An 

algorithm ic m ethod  for functionally  deflning reg ions o f  
in te re s t in th e  v en tra l v isua l pa th w ay . N e u ro im a g e , 60(A), 
2 3 5 7 e2 3 6 4 .

Kalisch, R., W iech, K., Critchley, H. D., Seymour, B.,
O 'D oherty , J. P., O akley, D. A., e t al. (2005). A nxiety  reduction  
th rough detachm ent: subjective, physio logical, and neural 
Q ÌÌQ cXs.JournalofCognitiveN euroscience, 1 7(6), 874e883.

Kastner, S., Pinsk, M. A., De W eerd, P., Desimone, R., &
U n g erle id e r , L. G. (1999). In c re ased  ac tiv ity  in h u m an  v isual 
c o rtex  d u rin g  d irec ted  a tten tio n  in th e  ab sen ce  o f  v isua l 
stim ulation. 22(4), 751e761.

Khalsa, S. S., Rudrauf, D., Feinstein, J. S., & Tranel, D. (2009). The 
pathways o f  interoceptive awareness. N ature Neuroscience, 
72(12), 1494el496.

K ouider, S., & D ehaene, S. (2007). Levels o f  p rocessing  during  n o n ­
conscious perception: a critical rev iew  o f  v isual m asking.

http://psych.colorado.edu/~lharvey/html/software.html


Philosophical Transactions o f  the Royal Society o f  London. Series B: 
Biological Sciences, 562(1481), 857e875.

Kranczioch, C., Debener, S., Schwarzbach, J., Goebel, R., &
Engel, A. K. (2005). N eural corre la tes o f  conscious perception  in 
the attentional b link. N euro im age, 704e714.

Kret, M . E., P ichon, S., G rezes, J., & de G elder, B. (2011). S im ilarities 
and d ifferences in perceiv ing  th rea t from  dynam ic faces and 
bodies. A n fM R I study. N euro im age, 54(2), 1 755el762 .

Kret, M. E., Stekelenburg, J. J., Roelofs, K., & de Gelder, B. (2013). 
Perception  o f  face and body  expressions using 
electrom yography, pupillom etry  and gaze m easures. F rontiers  
inPsychology, 4,2%.

Ladavas, E., Cimatti, D., Del Pesce, M., & Tuozzi, G. (1993).
E m o tio n a l  e v a lu a tio n  w ith  a n d  w ith o u t c o n s c io u s  s tim u lu s  
identification: ev idence from  a sp lit-brain  patient. C ognition  & 
Emotion, 7(1), 9 5 e ll4 .

L erner, Y ., S inger, N ., G onen, T., W eintraub, Y., C ohen, O.,
R ubin, N ., e t al. (2012). Feeling  w ithou t seeing? E ngagem ent o f  
ventral, b u t n o t dorsal, am ygdala during unaw are exposure to 
em otional Jo u rn a l o f  C ogn itiveN euroscience, 24{2>),
531e542.

Lovero, K. L., Simmons, A. N., Aron, J. L., & Paulus, M. P. (2009). 
A n te rio r  in su la r  co rtex  an tic ip a te s  im p en d in g  stim u lus 
significance. A/ewro/mage, 45(3), 976e983.

M itchell, D. G., & G reening, S. G. (2012). C onscious perception  o f  
em otional stim uli: b rain  m echanism s. N euroscien tist, 18(4), 
386e398.

Morris, J. S., Friston, K. J., Buchel, C., Frith, C. D., Young, A. W., 
Calder, A. J., e t al. (1998a). A neurom odulato ry  ro le for the 
h u m a n  a m y g d a la  in  p ro c e s s in g  e m o tio n a l  f a c ia l  e x p re ss io n s . 
Brain, 121, 47e57.

M orris, J. S., O hm an, A., & D olan, R. J. (1998b). C onscious and 
unconscious em otional learn ing in the hum an  am ygdala. 
N ature, 595(6684), 467e470.

N agai, Y., C ritchley , H. D., Featherstone, E., T rim ble, M. R., & 
D o lan , R. J. (2004). A c tiv ity  in v en tro m ed ia l p re fro n ta l co rtex  
co v a rie s  w ith  sy m p a th e tic  sk in  co n d u c tan ce  level: a 
p h y sio lo g ica l acco u n t o f  a  “ d efau lt m o d e” o f  b ra in  function . 
Neuroim age, 22(1), 243e251.

N o rth o ff ,G .,H e in z e l,A .,B e rm p o h l,E .,N ie se ,R .,P fe n n ig ,A .,P a sc u a l-  
L eone, A ., e t al. (2004). R eciprocal m odulation  and  a ttenuation  in 
the  p refron tal cortex: an fM R I study  on em otional-cogn itive  
interaction.H um anB ra inM app ing , 21(3), 202e212.

Ochsner, K. N., & Gross, J. J. (2005). The cognitive control o f  
emotion. Trends in Cognitive Sciences, 9(5), 242e249.

Ochsner, K. N., Ray, R. D., Cooper, J. C., Robertson, E. R.,
C h o p ra , S., G ab rie li, J. D ., e t al. (2004). F o r b e tte r  o r fo r w orse : 
n eu ra l sy s tem s su p p o rtin g  th e  co g n itiv e  d ow n- and  up- 
reg u la tio n  o fn e g a tiv e  G m o tio n .N eu ro Im a g e , 2 3 (2 ), 483e499 .

O 'C raven, K. M., D ow ning, P. E., & K anw isher, N. (1999). fM RI 
evidence for objects as the units o f  a tten tional selection. 
N ature, 401(6153), 584e587.

Pessoa, L. (2008). O n the relationship  betw een  em otion  and 
cognition. N a ture  R eview  s N euroscience, 9(2), 148el58 .

Pessoa, L., Japee, S., Sturman, D., & Ungerleider, L. G. (2006). 
T a rg e t v is ib ility  an d  v isu a l a w aren ess  m o d u la te  am y g d a la  
re sp o n ses  to  fea rfu l faces. C e reb ra lC o rtex , 1 6 (3 ),3 6 6 e3 7 5 .

Pessoa, L., Japee, S., & U ngerleider, L. G. (2005). V isual aw areness 
and the detection o f  fearfu l faces. Em otion, 5(2), 243e247.

Pessoa, L., K astner, S., & U ngerleider, L. G. (2002). A ttentional 
control o f  the processing  o f  neural and em otional stim uli. 
Cognitive Brain Research, 15(1), 31e45.

Phelps, E. A., & L eD oux, J. E. (2005). C ontribu tions o f  the am ygdala 
to em otion processing: from  anim al m odels to hum an 
behavior. A/eurow, 48(2), 175el87.

Q uirk, G. J., & G ehlert, D. R. (2003). Inh ib ition  o f  the am ygdala: key  
to pathological states? A n n a ls  o f  the N ew  York A ca d em y o f  
Sciences, 9 8 5 ,263e272.

R astelli, E., T allon-B audry , C., M igliaccio, R., Toba, M. N.,
D u co rp s, A ., P ra d a t-D ieh l, P ., e t al. (2013). N eu ra l d y n am ics  o f  
n eg lec ted  ta rg e ts  in p a tien ts  w ith  r ig h t h em isp h e re  d am age. 
Cortex, 49(7), 1989el996.

R o lls , E. T. (2014). L im b ic  sy s tem s fo r em o tio n  and  fo r m em o ry , 
b u t n o  sing le  lim b ic  system . C ortex , h ttp ://d x .d o i.o rg /1 0 .1 0 1 6 / 
j .c o r te x .2 0 1 3 .12.005.

Shi, C. J., & C assell, M . D. (1998). Cortical, thalam ic, and
am ygdaloid  connections o f  the anterior and posterio r insular 
corticGii. Jo u rn a l o f  C om p arative N eurology, S99(4), 440e468.

Stanislaw , H., & Todorov, N. (1999). C alculation  o f  signal detection 
theory  m easures. B ehavior R esearch  M eth o d s Instrum en ts  & 
C om puters, 57(1), 137el49.

Sterzer, P., & K leinschm idt, A. (2007). A neural basis for inference 
in perceptual am biguity . P roceed ings o f  the N a tio n a l Acad.em y o f  
Sciences o f  the U n itedS ta tes o f  A m erica , 104(1), 323e328.

Szczepanow ski, R., & Pessoa, L. (2007). Fear perception: can
o b je c tiv e  a n d  s u b je c tiv e  a w a re n e s s  m e a s u re s  b e  d is s o c ia te d ?  
Journal o f  Vision, 7(4), 10.

Talairach, J., & T ournoux, P. (1988). C o-p lanar stereotaxic  atlas o f  the 
hum an brain. N ew  Y ork: T hiem e M edical Publishers.

Tam ietto , M ., C astelli, L., V ighetti, S., Perozzo, P., G em iniani, G., 
W eiskrantz, L., e t al. (2009). U nseen  facial and bodily  
expressions trigger fast em otional reactions. P roceed ings o f  the 
N atio n a l A ca d em y o f  Sciences o fth e  U n itedS ta tes o f  A m erica , 
106(42), 17661el7666.

Tam ietto , M., & de G elder, B. (2010). N eural bases o f  the n o n ­
conscious perception  o f  em otional signals. N ature  R eview s  
Neuroscience, 11(\0), 697e709.

Tam ietto, M., Gem iniani, G., G enero, R., & de Gelder, B. (2007). Seeing 
fearful body language overcom es attentional deficits in patients 
viithns% \sct. JournalofC ognitiveN euroscience, 19(3), 445e454.

Tam ietto, M., Latini Corazzini, L., Pia, L., Zettin, M., Gionco, M., & 
G em iniani, G. (2005). Effects o f  em otional face cueing on line 
b isection  inneg lec t:asing lecasestudy .A /eM roca.5e ,ii(6 ),399e404 .

Tumer, B. M., Paradiso, S., M arvel, C. L., Pierson, R., Boles
Ponto, L. L., Hichwa, R. D., et al. (2007). The cerebellum  and 
em otional experience. Neuropsychologia, 45(6), 1331el341.

V an den Stock, J., T am ietto , M ., Sorger, B., P ichon, S., G rezes, J., & 
de G elder, B. (2011). C ortico-subcortical v isual, som atosensory , 
and m otor activations for perceiv ing  dynam ic w hole-body 
em otional expressions w ith and w ithou t striate cortex  (V I) . 
Proceedings o fth e  N ational A cadem y o f  Sciences o fth e  U nitedStates 
o f  A m erica , 108(39), 16188el6193 .

Vuilleum ier, P. (2005). H ow  brains beware: neural m echanism s o f  
em otional attention. Trends in Cognitive Sciences, 9 (\2 ), 585e594.

Vuilleumier, P., Armony, J. L., Clarke, K., Husain, M., Driver, J., & 
D olan, R. J. (2002). N eural response to em otional faces w ith 
and w ithou t aw areness: event-re la ted  fM R I in a parietal 
p a t ie n t  w ith  v is u a l  e x tin c tio n  a n d  sp a tia l n e g le c t. 
Neuropsychologia, 40(12), 2156e2166.

Vuilleumier, P., Richardson, M. P., Armony, J. L., Driver, J., & 
D olan, R. J. (2004). D istan t influences o f  am ygdala lesion on 
v isual cortical activation  during em otional face processing. 
Nature Neuroscience, 7(11), 1271el278.

V uilleum ier, P., & Schw artz, S. (2001). E m otional facial
expressions capture attention. N eurology, 56(2), 153el58 .

V u illeu m ie r, P ., S ch w artz , S., V erd o n , V ., M a rav ita , A ., H u tto n , C ., 
H u sa in , M ., e t al. (2008). A b n o rm a l a tten tio n a l m o d u la tio n  o f  
re tin o to p ic  co rtex  in p arie ta l p a tien ts  w ith  spa tia l neg lec t. 
Current Biology, iS(19), 1525el529.

Wager, T. D., Rilling, J. K., Smith, E. E., Sokolik, A., Casey, K. L., 
D avidson, R. J., e t al. (2004). P lacebo-induced  changes in FM R I 
in the anticipation  and experience o f  pain. Science, 303(5661), 
1 1 6 2 e ll6 7 .

W eissm an, D. H., R oberts, K. C., V isscher, K. M ., & W oldorff, M . G. 
(2006). The neural bases o f  m om entary  lapses in attention.
Nature Neuroscience, 9(7), 971e978.

http://dx.doi.org/10.1016/


W halen, P. J., Rauch, S. L., Etcoff, N. L., M clnem ey, S. C., Lee, M. B.,
&  Jen ik e , M . A . (1998). M a sk ed  p resen ta tio n s  o f  em otio n a l 
fac ia l ex p ress io n s  m o d u la te  am y g d a la  ac tiv ity  w ith o u t 
expHcit knowledge. The Journal o f  Neuroscience, 18{\), 411e418.

W illiam s, L. M ., Phillips, M. L., B ram m er, M. J., Skerrett, D., 
L agopoulos, J., R ennie, C., e t al. (2001). A rousal dissociates 
am ygdala and h ippocam pal fear responses: ev idence from  
sim ultaneous fM R I and skin conductance recording. 
N euroim age, 14(5), 1070el079.

W illiam s, M. A., & M attingley , J. B. (2004). U nconscious perception  
o f  non-th reaten ing  facial em otion  in parietal extinction. 
Experim ental Brain Research, 154{A), 403e406.

W ilson, B., C ockburn, J., & H alligan, P. (1987). D evelopm ent o f  £ 
behav ioral test o f  v isuospatial neglect. A rch ives o f  P hysica l 
M edicine and  Rehabilitation, 68(2), 98el02.

W inkielm an , P., & B erridge, K. C. (2004). U nconscious em otion. 
Current Directions in Psychological Science, 13(3), 120el23.

Zhu, J. N ., Y ung, W . H., K w ok-C hong  Chow , B., Chan, Y. S., & 
W ang, J. J. (2006). The cerebellar-hypothalam ic circuits: 
po tential pathw ays underly ing  cerebellar invo lvem ent in 
som atic-v isceral in tegration . B rain  R esearch  Review s, 5 2 ( \) , 
9 3el06 .


