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B r e a s t  T u m o r s :  C o m p a r a t iv e  A c c u r a c y  
o f  M R  I m a g in g  R e la t iv e  t o  M a m m o g r a p h y  
a n d  U S  f o r  D e m o n s t r a t in g  E x t e n t 1

A

PURPOSE; T o  e v a l u a t e  t h e  c o m p a r a ­

t i v e  a c c u r a c y  o f  m a g n e t i c  r e s o n a n c e  
( M R )  i m a g i n g  r e l a t i v e  t o  m a m m o g r a ­

p h y  a n d  u l t r a s o n o g r a p h y  ( U S )  f o r  
a s s e s s i n g  t h e  e x t e n t  o f  b r e a s t  t u m o r s .

MATERIALS A N D  METHODS: H i s ­

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

a g i n g  f i n d i n g s  ( m a m m o g r a p h y ,  U S ,  
M R  i m a g i n g )  w e r e  a n a l y z e d  r e g a r d ­

i n g  t u m o r  s i z e  a n d  m u l t i f o c a l i t y  o f  6 1  
t u m o r s  i n  6 0  w o m e n  u n d e r g o i n g  
m a s t e c t o m y  f o r  c a r c i n o m a .

RESULTS: I n  1 0 %  o f  c a s e s ,  t h e  i n d e x  
t u m o r  w a s  n o t  s e e n  a t  m a m m o g r a ­

p h y .  W i t h  U S ,  1 5 %  o f  t h e  i n d e x  t u ­

m o r s  w e r e  n o t  r e c o g n i z e d ,  w h i l e  M R  
i m a g i n g  m i s s e d  2%  o f  t h e  i n d e x  t u ­

m o r s .  O n  m a m m o g r a p h i c  a n d  U S  
i m a g e s ,  t u m o r  s i z e  w a s  u n d e r e s t i ­

m a t e d  s i g n i f i c a n t l y  ( P  <  .0 0 5 ) ,  b y  1 4 %  
a n d  1 8 % , r e s p e c t i v e l y ,  w h i l e  M R  i m ­

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

e n c e  i n  s i z e  c o m p a r e d  w i t h  t h a t  
f o u n d  i n  a  p a t h o l o g i c  e v a l u a t i o n .  
M a m m o g r a p h y  s h o w e d  3 1 %  o f  t h e  
a d d i t i o n a l  i n v a s i v e  l e s i o n s ,  w h i l e  U S  
s h o w e d  3 8 %  a n d  M R  i m a g i n g  
s h o w e d  1 0 0 % .

CONCLUSION:  M R  i m a g i n g  w a s  t h e  
m o s t  a c c u r a t e  o f  t h e  t h r e e  p r e o p e r a ­

t i v e  i m a g i n g  m o d a l i t i e s  i n  a s s e s s i n g  
t h e  s i z e  a n d  n u m b e r  o f  m a l i g n a n t  
l e s i o n s  i n  t h e  b r e a s t .
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A
t  p re sen t, the  m o st effective im ag - 
l  ing  tech n iq u e  fo r the  d e tec tio n  

of b reas t cancer is m am m o g rap h y ,
Its sensitiv ity  w as close to 90% in  a 
screen ing  p o p u la tio n  (1). H o w ev e r, 
the ex ten t of the  tu m o r is o ften  u n ­
d e res tim a ted  w ith  th is tech n iq u e  (2).

U ltra so n o g rap h y  (US) a p p e a rs  to  be 
m ore accura te  th a n  m a m m o g ra p h y  
for d e te rm in in g  ac tua l tu m o r size, b u t  
results w ith  re sp ec t to tu m o r  d e tec ­
tion rem ain  d isa p p o in tin g  (3).

In  recen t years, co n trast m a te r ia l-  
en h an ced  m agnetic  re so n a n ce  (MR) 
im aging  h a s  b e e n  a d d e d  to  the  list of 
im aging  tech n iq u es  fo r b re a s t lesions. 
D ifferentia tion  b e tw e e n  b e n ig n  a n d  
m alig n an t lesions is still p ro b lem a tic  
in  som e cases; h o w ev e r, a p p lic a tio n  
of the  dy n am ic  tu rbo , fast lo w -an g le  
sho t (TurboFLASH; S iem ens, E rlan ­
gen, G erm any) tech n iq u e  in  the 
breast, w h ich  h as  recen tly  b e e n  r e ­
p o rted , ap p ea rs  to  be p ro m is in g  (4-6). 
W ith  re g a rd  to the  p e rfo rm an ce  of 
MR im ag in g  in size d e te rm in a tio n , 
few  da ta  a re  available (7,8). A ccura te  
d e te rm in a tio n  of the  e x te n t o f a g iv e n  
tu m o r a n d  possib le m ultifocality  is 
essential w h e n  a b reas t-co n se rv in g  
surgical a p p ro a c h  is co n sid ered .

In  the  p re se n t s tu d y , a se ries  of 60 
pa tien ts  w ith  m a lig n a n t b re a s t  les ions 
w ere  ex am in ed  w ith  m a m m o g ra p h y , 
US, a n d  M R im aging . The find ings 
from  these  th ree  im ag in g  m e th o d s  
w ere  su b seq u en tly  c o m p a re d  w ith  
histologic exam inations. Special e m ­
phasis w as p laced  on  d e te rm in a tio n  
of the  size a n d  m u ltifoca lity  of th e  
tum ors.

M A T E R IA L S  A N D  M E T H O D S

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

a g i n g  f i n d i n g s  ( m a m m o g r a p h y ,  U S ,  a n d  
M R  i m a g i n g )  i n  6 0  c o n s e c u t i v e  w o m e n  

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

w e r e  a n a l y z e d .  T h e s e  w o m e n  w e r e  s u s ­

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

i n g  s t u d i e s — t h a t  i s ,  m a m m o g r a p h y  a n d

U S .  V a r i o u s  f a c t o r s  i n f l u e n c e  t h e  d e c i s i o n  

t o  p e r f o r m  a  m a s t e c t o m y .  A m o n g  t h e s e  

a r e  t h e  s i z e  o f  t h e  t u m o r  i n  r e l a t i o n  t o  t h e  

s i z e  o f  t h e  b r e a s t ,  a  m a m m o g r a m  s u g g e s t ­

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

d u c t a l  c o m p o n e n t ,  a n d  t h e  p r e f e r e n c e  o f  

t h e  p a t i e n t .  T h e  m e a n  a g e  o f  t h e  p a t i e n t s  

w a s  5 3  ( r a n g e ,  3 2 - 7 2 )  y e a r s .  T h r e e  w o m e n  

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

c u r r e n t  c a n c e r .  O n e  p a t i e n t  u n d e r w e n t  

b i l a t e r a l  m a s t e c t o m y .  A  t o t a l  o f  6 1  m a s t e c ­

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

c a l l y .

F o r  t h e  m a m m o g r a p h i c  e x a m i n a t i o n  a  

C G R  6 0 0 T  u n i t  ( G E  M e d i c a l  M e d i c a l  S y s ­

t e m s ,  M i l w a u k e e ,  W i s )  w a s  u s e d .  I n  a d d i ­

t i o n  t o  t h e  s t a n d a r d  o b l i q u e  a n d  c r a n i o -  

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

c a s e s .

W h o l e - b r e a s t  U S  w a s  p e r f o r m e d  w i t h  

a n  S S D  6 5 0  u n i t  ( A l o k a ,  T o k y o ,  J a p a n )  
w i t h  a  1 0 - M H z  t r a n s d u c e r ,  w h i c h  a l l o w e d  

s u f f i c i e n t  p e n e t r a t i o n  o f  t h e  b r e a s t  i n  a l l  

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

t i o n  a n d  m a m m o g r a p h y  w e r e  g e n e r a l l y  

k n o w n  t o  t h e  i n v e s t i g a t o r .  T h e  U S  e x a m i ­

n a t i o n  p r e c e d e d  M R  i m a g i n g .

M R  i m a g i n g  w a s  p e r f o r m e d  w i t h  a  

M a g n e t o m  6 3 / 8 4 S P 4 0 0 0  i m a g e r  ( S i e m e n s ,  

E r l a n g e n ,  G e r m a n y )  a t  1 . 5  T .  P a t i e n t s  w e r e  

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

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

l u m i n e  ( M a g n e v i s t ;  S c h e r i n g ,  B e r l i n ,  G e r ­

m a n y )  a t  a  d o s e  o f  0 . 2  m m o l  p e r  k i l o g r a m  

o f  b o d y  w e i g h t  w a s  a p p l i e d .

A f t e r  s a g i t t a l  l o c a l i z e r  i m a g e s  w e r e  o b ­

t a i n e d ,  a  t h r e e - d i m e n s i o n a l  ( 3 D )  m a g n e t i ­

z a t i o n - p r e p a r e d  r a p i d  g r a d i e n t  e c h o  ( M P -  

R A G E )  s e q u e n c e  w i t h o u t  u s e  o f  c o n t r a s t  

m e d i u m  w a s  p e r f o r m e d  ( r e p e t i t i o n  t i m e  

m s e c / e c h o  t i m e  m s e c / i n v e r s i o n  t i m e  

m s e c  =  1 0 / 4 / 3 0 0 ,  8 °  f l i p  a n g l e ,  1 2 8  s e c ­

t i o n s ,  e f f e c t i v e  s e c t i o n  t h i c k n e s s  o f  1 . 4  m m ,  

1 9 2  x  2 5 6  m a t r i x ,  3 0 0 - m m  f i e l d  o f  v i e w  

[ F O V ] ,  t r a n s v e r s e  o r i e n t a t i o n ,  a n d  a n  a c ­

q u i s i t i o n  t i m e  o f  5  m i n u t e s ) .  W i t h  m u l t i -  

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

A b b r e v i a t i o n s :  D C IS  -  d u c t a l  c a r c in o m a  in 

s i tu ,  F L A S H  =  fa s t  lo w - a n g le  s h o t ,  F O V  == fie ld  

o f  v ie w ,  ID C  =  in v a s iv e  d u c t  c a r c in o m a ,  IL C  =  

in v a s iv e  l o b u l a r  c a r c in o m a ,  M P -R A G E  =  m a g ­

n e t i z a t i o n - p r e p a r e d  r a p id  g r a d i e n t  e c h o ,  3D  =  

th r e e - d im e n s io n a l .
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.;. P a p i l l a r y  C A  : 0 0 o y-.

N o t  p e r f o r m e d

61 :i

— CA — carc in o m a, DCIS =  d u e ta l  c a rd n o m a  in s itu, ID C  =  in v a s iv e  d u c ta  1 carcinom a, ILC 
in v asiv e  lo b u la r  ca rc in o m a.
, ; O n e  ID C a n d  o n e  D C IS .■ : - ' ■: ^

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

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

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

s c e n d i n g  a o r t a .  I n  t h e  s a m e  p l a n e ,  6 0  s e ­

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

a  t e m p o r a l  r e s o l u t i o n  o f  2 . 3  s e c o n d s  d u r ­

i n g  2  m i n u t e s ,  b y  u s i n g  t h e  d y n a m i c  T u r -  

b o F L A S H  s e q u e n c e  ( 9 / 4 / 1 5 ,  8 °  f l i p  a n g l e ,  

1 0 - m m  s e c t i o n  t h i c k n e s s ,  1 2 8  x  2 5 6  m a t r i x ,  

3 5 0 - m m  F O V ,  a n d  t w o  a c q u i s i t i o n s ) .  A f t e r  

t h e  f i r s t  f o u r  i m a g e s  w e r e  a c q u i r e d ,  t h e  

c o n t r a s t  m e d i u m  w a s  a d m i n i s t e r e d  i n t r a ­

v e n o u s l y  w i t h i n  1 0  s e c o n d s ,  f o l l o w e d  b y  a  

b o l u s  o f  2 0  m L  o f  n o r m a l  s a l i n e  s o l u t i o n .  

W e  r e c e n t l y  r e p o r t e d  a  m o r e  d e t a i l e d  d e ­

s c r i p t i o n  o f  t h e  d y n a m i c  T u r b o F L A S H  

t e c h n i q u e  ( 6 ) .

A f t e r  t h e  T u r b o F L A S H  s e q u e n c e ,  t h e  3 D  

M P - R A G E  s e q u e n c e  w a s  r e p e a t e d  w i t h  

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

T h e  w h o l e  e x a m i n a t i o n ,  i n c l u d i n g  t h e  

p r e c o n t r a s t  M P - R A G E ,  t h e  p o s t c o n t r a s t  

d y n a m i c  T u r b o F L A S H ,  a n d  t h e  p o s t c o n -  
t r a s t  M P - R A G E  s e q u e n c e s ,  l a s t e d  a b o u t  2 0  

m i n u t e s .  T h e  d a t a  a c q u i r e d  w i t h  t h e  T u r ­

b o F L A S H  s e q u e n c e  w e r e  t h e n  t r a n s f e r r e d  

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

T h e  s u b t r a c t e d  T u r b o F L A S H  i m a g e s  

w e r e  u s e d  t o  d e t e r m i n e  t h e  s t a r t  a n d  

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

q u e n t l y  a n a l y z e d  a c c o r d i n g  t o  t h e  f o l l o w ­

i n g  c r i t e r i o n :  T h e  i m a g e  o n  w h i c h  t h e  d e ­

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

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

z e r o .  L e s i o n s  t h a t  s t a r t e d  t o  e n h a n c e  
w i t h i n  1 1 .5  s e c o n d s  a f t e r  a o r t i c  e n h a n c e ­

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

n a n c y  ( 6 ) .

F r o m  t h e  s u b t r a c t e d  M P - R A G E  i m a g e s ,  

a  3 D  m u l t i p l a n a r  r e c o n s t r u c t i o n  o f  t h e  e n ­

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

i n d e x  l e s i o n  i n  m o r e  d e t a i l  a n d  t o  i d e n t i f y  

o t h e r  p o s s i b l e  f o c i  o f  e n h a n c e m e n t .  T h e  

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

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

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

r e g u l a r  b o r d e r s ,  w a s  c o n s i d e r e d  s u s p i ­

c i o u s  f o r  m a l i g n a n c y  ( 9 ) .  D i f f u s e  f i e l d  

e n h a n c e m e n t ,  e i t h e r  h o m o g e n e o u s  o r  i n -  

h o m o g e n e o u s ,  w a s  c o n s i d e r e d  e q u i v o c a l ,  

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

s e e n  i n  b o t h  b e n i g n  a n d  m a l i g n a n t  l e ­

s i o n s .  M R  i m a g i n g  i s  a l w a y s  p e r f o r m e d  

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

A l l  m a s t e c t o m y  s p e c i m e n s  w e r e  e x a m ­

i n e d  w i t h  E g a n ' s  s e r i a l  s u b g r o s s  a n d  c o r r e ­

l a t e d  r a d i o g r a p h i c - h i s t o l o g i c  m e t h o d  ( 1 0 ) .  

I n  t h i s  t e c h n i q u e  t h e  s u r g i c a l  b i o p s y  s p e c i ­

m e n  a n d  t h e  w h o l e - b r e a s t  s p e c i m e n  a r e  

s e c t i o n e d  a t  5 - m m  i n t e r v a l s  i n  t h e  t r a n s ­

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

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

n a t i o n  a r e  t a k e n  f r o m  t h e  r a d i o l o g i c a l l y  

s u s p i c i o u s  l e s i o n s  ( i e ,  t h o s e  w i t h  m i c r o c a l ­

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

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

c h a n g e s .  I n  a n y  b r e a s t  s p e c i m e n ,  a n  a v e r a g e  

o f  2 5  t i s s u e  b l o c k s  a r e  t a k e n  f r o m  t h e  q u a d ­

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

t o  r a n d o m  s a m p l e s  f r o m  o t h e r  q u a d r a n t s ,  t h e  

n i p p l e ,  a n d  t h e  c e n t r a l  a r e a  b e n e a t h  t h e  

. n i p p l e - a r e o l a r  c o m p l e x .  B o t h  t h e  p r e ­

c i s e  s i t e  o f  t h e  t i s s u e  b l o c k s  t a k e n  a n d  t h e  

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

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

d i o g r a p h  ( 1 1 ) .  T h i s  m e t h o d  p e r m i t s  m e ­

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

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

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

M R  i m a g e s  w e r e  i d e n t i f i e d  a n d  l o c a t e d  o n  

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

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

s u e  b l o c k s  w e r e  s t u d i e d  h i s t o l o g i c a l l y .

T h e  s i z e  o f  t h e  t u m o r  w a s  a s s e s s e d  w i t h  

a l l  t h r e e  i m a g i n g  t e c h n i q u e s  b y  d e t e r m i n ­

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

m o r  m a r g i n s  w e r e  d e f i n e d  b y  t h e  a r e a  o f  

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

o f  t h e  s o f t - t i s s u e  c o m p o n e n t ,  a n d  t h e  a r e a  

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

A t  M R  i m a g i n g  t h e  l o n g e s t  a x i s  w a s  a s ­

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

t r a c t e d  a n d  r e c o n s t r u c t e d  3 D  M P - R A G E  

i m a g e s .  T h e  s i z e  d i f f e r e n c e s  b e t w e e n  i m ­

a g i n g - b a s e d  m e a s u r e m e n t s  a n d  s p e c i m e n -  

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

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

c o m p a r a t i v e  p e r f o r m a n c e  i n  s i z e  d e t e r m i ­

n a t i o n  w e r e  c a l c u l a t e d .

R E S U L T S

D e t e c t i o n  o f  t h e  I n d e x  T u m o r

A total of 61 tum ors w ere  evaluated. 
T he im ag ing  findings a n d  definite histo ­
logic results are  sum m arized  in  Table 1. 
In  six cases (10%) the  index  tu m o r w as 
n o t visible o n  the  m am m ogram s.

W ith  US, n in e  of 59 (15%) tu m o rs  
w e re  n o t re co g n ized . In  o n e  case of 
DCIS a n d  o n e  case o f ID C, US w as
n o t  p e rfo rm e d .

All tu m o rs  b u t o n e  w e re  d e m o n ­
s tra te d  w ith  th e  c o m b in ed  T u rb o ­
FLASH a n d  3D M P-RA G E M R  im a g ­
in g  technique. T he single M R im ag in g - 
n e g a tiv e  tu m o r  w a s  a D CIS w ith  a 
d ia m e te r  of 9 cm . T h ree  lesions w e re  
n o t  a p p a re n t  in  th e  ch o sen  T u rb o ­
FLA SH  section , b ecau se  th e  re g io n  of 
in te re s t  c o u ld  n o t  b e  p ro p e r ly  id e n ti ­
f ied  o n  th e  p re c o n tra s t  3D M P-RAGE 
im ages. H o w e v e r , all th re e  w e re  
re c o g n iz e d  o n  th e  p o s tc o n tra s t

3D M P-RA G E im ages. For the  40 cases 
of ID C , the  m e a n  tim e  to the s ta rt of 
e n h a n c e m e n t  o n  th e  TurboFLA SH  
im ag es w as 6.2 seco n d s  (range, 2 .3- 
11.5 seconds); for the  eight cases of ILC, 
the  m e a n  tim e w as 7.9 seconds (range, 
4.6-11.5 seconds); a n d  for the six cases of 
p u re  DCIS th e  m e a n  tim e w as 7,6 sec ­
o n d s  (ran g e , 6,9-9.2 seconds).

S i z e  D e t e r m i n a t i o n  o f  t h e  I n d e x  
T u m o r

T h e  p a th o lo g ica lly  d e te rm in ed  
tu m o r  size, b a s e d  o n  the largest 
d ia m e te r  v a r ie d  fro m  1 to 15 cm. 
D ev ia tio n s  in  th e  size of the lesions 
d e te rm in ed  w ith  m am m ography, US, 
a n d  M R im aging, respectively, com ­
p a red  w ith  those determ ined  histo ­
logically, are sh o w n  in  Figures 1-3.

W h e n  sizes a re  exp ressed  in  re la ­
tive te rm s, m a m m o g ra p h y  a n d  US 
u n d e re s t im a te  the  ac tual tu m o r size 
by  statistically significant (P <  .005) size 
differences of 14% a n d  18%, respec ­
tively, in  contrast to a no t significant size 
difference of o n ly  1 % for MR im aging 
(Table 2, Fig 4).

T h e  d isc rep an c ie s  in  size for m am ­
m o g ra p h y , US, a n d  M R im ag ing  for 
th e  v a rio u s  tu m o r  ty p es  (IDC, ILC, 
a n d  DCIS) a re  lis ted  in  Table 3.

D e t e c t i o n  o f  I n v a s i v e  T u m o r  
M u l t i f o c a l i t y

O f th e  61 m a s te c to m y  specim ens,
12 c o n ta in e d  a m ultifocal invasive 
tu m o r  a t  h isto log ic  exam ination , w ith , 
resp ec tiv e ly , o n e  (seven  cases), tw o 
(tw o cases), a n d  m ultip le  (th ree  cases) 
sm all tu m o r  foci in  a d d itio n  to the 
in d e x  tu m o r. O n e  spec im en  co n ­
ta in e d  m u lticen tric  lesions at th e  site 
of th e  se c o n d  in v as iv e  tum or, a d is ­
tance  o f 4.5 cm  fro m  th e  index  tu m o r 
(Fig 5). T h ese  f in d in g s  are su m m a ­
r iz e d  in  Table 4. M R im ag ing  w as
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F i g u r e s  1 - 3 .  D e v i a t i o n s  o f  (1 )  m a m m o g r a p h i c a l l y  d e t e r m i n e d  t u m o r  
s i z e s  (n -  5 5 ) ,  (2) U S - d e t e r m i n e d  s i z e s  (n =  5 0 ) ,  a n d  (3 )  M R  i m a g i n g -  
d e t e r m i n e d  s i z e s  (n =  6 0 )  f r o m  h i s t o l o g i c a l l y  d e t e r m i n e d  s i z e s .  ( S o m e  
d o t s  r e p r e s e n t  m o r e  t h a n  o n e  t u m o r . )  I n c r e a s i n g  d e v i a t i o n  o f  m a m m o ­

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

p a r e n t .  T h e  d e v i a t i o n s  a r e  e x p r e s s e d  i n  r e l a t i v e  t e r m s  ( T a b le  2 ) ,  M a m ­

m o g r a p h i e  a n d  U S  m e a s u r e m e n t s  s i g n i f i c a n t l y  u n d e r e s t i m a t e d  t u m o r  s i z e  
b y  14%  ( r e la t iv e  d e v i a t i o n  =  0 ,0 1 )  a n d  1 8 %  ( r e la t iv e  d e v i a t i o n  =  0 .0 1 ) ,  r e ­

s p e c t iv e ly .  i n  c o n tr a s t ,  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  (1 % ) b e t w e e n  t h e  
M R  i m a g i n g  a n d  h i s t o l o g i c  t u m o r  s i z e s  ( r e l a t i v e  d e v i a t i o n  =  0 .1 ) .

2 4 6 8 10 12 14 16
histological diameter (cm)

3.

T  a b le  2

D e v ia t io n  in  T u m o r  S iz e  w ith  M a m m o g r a p h y , U S , a n d  M R  I m a g in g  R e l a t i v e  to  
H is t o lo g ic  T u m o r  S iz e

' M a m m o g ra p h y ■ US . M R  I m a g in g

D e v ia t io n (n -  55) (n ~ 50) (// ~  60)

S y s te m a tic —14%* , - 1 8 % * i % f

R a n d o m 41% 37%  ■ 29%

* P < .005. 
t  N o t significant.

100% accurate  in  iden tify ing  tum or 
m ultifocality, w h ereas  m am m o g rap h y  
h ad  an  accuracy of 31% an d  US h ad  
an accuracy of 38%.

D I S C U S S I O N

A ccurate defin ition  of the ex ten t 
an d  possible m ultifocality  of tum ors is 
essential for m ak in g  the choice be ­
tw een  the  th e rap eu tic  options of 
b reast-conserv ing  trea tm en t an d  m as ­
tectom y.

In the  p re se n t s tu d y  the results of 
m am m o g rap h y , US, a n d  MR im aging  
w ere  co m p ared  w ith  the final h is to ­
logic resu lts  in  61 m astectom y speci ­
m ens for d e te rm in in g  the  actual size 
of the  reference  tu m o r as m easu red  a t 
histologic exam ination . Also, the  accu ­
racy in  recogn iz ing  add itiona l tum or 
foci— th a t is, tu m o r m ultifocality— 
w as evaluated .

D e t e c t io n  o f  t h e  I n d e x  T u m o r

The re p o rte d  sensitiv ity  o f m am ­
m o g rap h y  for the  d e tec tio n  of b reas t 
cancer varies b e tw e e n  69% a n d  90%. 
Peeters e t al (12) re p o rte d  a sensi ­
tivity of 93% and  a specificity of 99% 
for m am m o g rap h y  in a b re a s t sc reen ­
ing study . Baker (1) re p o r te d  a m u lti ­
cen ter s tu d y  in w h ich  90% of all m a ­
lig n an t lesions w ere  d e te c te d  in a 
screen ing  p o p u la tio n . In  a sy m p to m ­
atic p a tie n t p o p u la tio n  the  sen sitiv ity  
of m a m m o g ra p h y  for m a lig n an cy  
varied  from  81% to 96% (13). The 
sensitiv ity  of 90% in  the  p re se n t 
s tu d y  of 60 sym ptom atic  p a tie n ts  is 
w ith in  this range.

The m o st im p o r ta n t ro le  o f US is 
the d ifferen tia tion  b e tw e e n  cystic a n d  
solid m asses. W hile  US is 96% -100%  
accurate in  id en tify in g  a cyst, it is less 
reliable in  d iffe ren tia ting  b e tw e e n

b e n ig n  a n d  m a lig n a n t  so lid  m asses, 
espec ia lly  b ecau se  o f the  o v e rlap  b e ­
tw e e n  the  fe a tu re s  o f c e r ta in  ty p es  o f 
f ib ro a d e n o m a s  a n d  ca rc in o m as (14).
In  th e  p re s e n t  s tu d y , in  n in e  o f 59 p a ­
t ien ts  n o  ab n o rm a litie s  w e re  se e n  
w ith  US in  th e  m a m m o g ra p h ic a lly  
su sp ic io u s  a rea , re su lt in g  in  a s e n s it iv ­
i ty  of 85%. H o w e v e r , five o f the  n in e  
U S-occult tu m o rs  w e re  D CIS. T his 
re su lt  is in  a g re e m e n t  w ith  th e  e x p e r i ­
en ce  of K o p a n s  et a l (15), in d ic a t in g  
th a t  p u re  DCIS is o f te n  n o t  seen  o n  
US scans, a n d  thus US is n o t  su ita b le  
fo r sc re e n in g  p u rp o se s .

T h e  sen s itiv ity  of M R im a g in g  in  
v a r io u s  s tu d ie s  for d e te c t in g  carci ­
n o m a  of th e  b re a s t  is h igh . H a rm s  e t  
al (16) r e p o r te d  a sen s itiv ity  of 100% , 
w h ile  H e y w a n g -K o b m n n e r  e t  al (17) 
c la im ed  a sen s itiv ity  of 99.5%.

In  a p re v io u s  s tu d y  in  w h ic h  th e  
c o m b in e d  3D  M P -R A G E -T urbo- 
FLA SH  te c h n iq u e  w as  u s e d  in  83 p a ­
tien ts , w e  a c h ie v e d  a sen s itiv ity  of 
95% a n d  a specific ity  of 86% (6). T h e  
3D  M P-R A G E  se q u e n c e  h a s  a h ig h  
sen s itiv ity  fo r d e te c tin g  lesions, w h ile  
th e  T u rboF L A S H  se q u e n ce  is able to  
h e lp  d iffe ren tia te  b e tw e e n  b e n ig n  
a n d  m a lig n a n t  lesions.

All b u t  o n e  of th e  in d e x  tu m o rs  in  
th e  p re s e n t  s tu d y  w e re  re c o g n iz e d  a t 
M R im a g in g  a n d  classified  as m a lig ­
n a n t  T h e  s ing le  tu m o r  occu lt to M R  
im a g in g  w a s  a w e ll-d iffe ren tia  ted  
(non-com edo) DCIS de tec ted  b y  m e a n s  
of m am m o graphic  microcalcifications.

O n  th e  w h o le , th e  m o st ra p id  s ta r t  
of e n h a n c e m e n t  w a s  s h o w n  b y  th e

V o lu m e 197 • N u m b e r  3 R a d io lo g y  • 745



a .  b ,  c .

F i g u r e  4 .  I m a g e s  o f  a  6 5 - y e a r - o l d  w o m a n  w i t h  s u s p i c i o u s  m i c r o c a l c i f i c a t i o n s  i n  t h e  l e f t  b r e a s t  d e t e c t e d  a t  r o u t i n e  s c r e e n i n g ,  (a )  C e p h a l o c a u ­

d a l  a n d  (b) o b l i q u e - l a t e r a l  p r o j e c t i o n  m a m m o g r a m s  s h o w  m i c r o c a l c i f i c a t i o n s  i n  a 3 . 5 - c m - d i a m e t e r  r e g i o n  ( a r r o w s ) .  N o  a b n o r m a l i t y  w a s  s e e n  i n  
t h e  r i g h t  b r e a s t  ( c )  S u b t r a c t e d  r e c o n s t r u c t e d  3 D  M P - R A G E  i m a g e  s h o w s  e n h a n c e m e n t  i n  a 7 - c m - d i a m e t e r  a r e a ,  H i s t o l o g i c  e x a m i n a t i o n  r e ­

v e a l e d  a n  I D C  w i t h  a  7 - c m  d i a m e t e r .

T a b le  31 I

D e v i a t i o n  in  T u m o r  S i z e  w i t h  M a m m o g r a p h y ,  U S ,  a n d  M R  I m a g in g  R e la t iv e  to  
H i s t o l o g i c  T u m o r  S i z e ,  b y  T u m o r  T y p e

T u m o r  T y p e
4 '

M a m m o g r a p h y U S M R  I m a g i n g

I D C ~5%*  (3 7 ) -9 % *  (3 7 ) —3% *  (4 1 )

IL C - 3 7 % t  (7 ) - 4 3 % t  (8 ) —16%* (9 )

D C I S —2 9 % t { 8 ) (2 )* - 8 % * (7 )

N o te .— N u m b e rs  in p a re n th e s e s  a re  n u m b e r  o f tum ors. 
* N o t  s ig n if ic a n t 
t  P <  .05.

$ N o t  p e rfo rm e d .

IDCs. T he six cases o f p u re  DCIS be ­
gan  e n h a n c in g  an  av e rag e  o f 1.4 sec ­
onds la ter, w hile the e igh t cases of ILC 
began enhancing  a t a m ean  of 7.9 sec­
onds, or 1.7 seconds later th an  th e  IDCs.

S iz e  D e t e r m in a t io n  o f  t h e  I n d e x  
T u m o r

Fom age et al (3) co m p ared  th e  clini­
cally, m am m o graphically, a n d  sono- 
graphically d e te rm ined  sizes of cancers 
in a series of 31 patien ts a n d  conc luded  
that m am m o g rap h y  is less accurate th a n  
sonography  in  assessing tu m o r size.

H arm s e t al (5) r e p o r te d  th a t  tu m o r  
size can  be b e tte r  a ssessed  w ith  M R  

*

im ag ing  th a n  w ith  m a m m o g ra p h y  
a n d  th a t  M R im ag in g  o ften  p ro v id e s  
b e tte r d e lin ea tio n  of a le s io n  th a n  
does m a m m o g ra p h y . In  a se ries  of 47 
m a lig n an t lesions, tu m o r  size m e a ­
su red  w ith  M R im ag in g  c o rre la te d  
m ore closely w ith  h isto log ic  m e a s u re ­
m en ts  th a n  d id  m a m m o g ra p h ic  m e a ­
su rem en ts  in  33 cases (7). G rib b es tad  
e t al (18) also d e m o n s tra te d  th a t  M R 
im ag in g  sh o w e d  b e tte r  accu racy  in  
tu m o r size d e te rm in a tio n  th a n  d id  
m am m o g rap h y .

In  th e  p re s e n t  s tu d y , M R  im a g in g  
p ro v e d  to b e  th e  m o st accu ra te  
m e th o d  for a ssessm en t of tu m o r  size 
(Figs 1-3 , T able 2). N e v e rth e le ss , an  
ex trem e d isc rep an cy  w as  n o te d  in  th e  
case of an  ILC in  w h ic h  th e  p a th o ­
logic tu m o r  d ia m e te r  w a s  15 cm, b u t  
only  p a r t  of it— n am ely , 4 cm — e n ­
h an ced . Also, a w e ll-d iffe ren tia te d  
(n o n -com edo) ty p e  of DCIS w ith  a 
d iam e te r  of 9 cm  sh o w e d  n o  e n h a n c e ­
m e n t a t all.

In  a su b se t of e ig h t p a tie n ts , w e  also 
s tu d ied  th e  capab ility  of M R  im a g in g

to sh o w  a n  ex ten s iv e  in tra d u c ta l  com ­
p o n e n t  in  assoc ia tion  w ith  th e  in v a ­
sive tu m o r  (19). W hile  the  s ize  of th e  
in v as iv e  p a r t  w a s  co rrec tly  es tim ated , 
th e  DCIS c o m p o n e n t, w ith  a n  av erag e  
ex te n s io n  of 3.5 cm  (range , 1 -7  cm), 
w a s  u n d e re s t im a te d  b y  m o re  th a n  1 
cm  in  all p a tie n ts . In  six of th e se  e ig h t 
p a t ie n ts  th e  DCIS w as  h is to log ica lly  
of th e  w e ll-d iffe re n tia te d  (n o n -c o m ­
edo) type . T his f in d in g  is in  accor ­
d a n c e  w ith  th e  re su lts  of G re e n s te in  
O re l e t  al (20), w h o  d esc rib e  h o w  
so m e cases of DCIS m a y  b e  im possib le  
to id e n tify  w ith  M R  im ag ing . In  co n ­
trast, H e y w a n g -K o b ru n n e r  (21) d e ­
scribes a series of 19 DCIS tu m o rs  th a t  
a p p a re n tly  all e n h a n c e d .

D e t e c t i o n  o f  I n v a s i v e  T u m o r  
M u l t i f o c a l i t y

H o lla n d  e t al (2), in  a s tu d y  o f 282 
in v as iv e  cancers, s h o w e d  th a t  in  43% 
of the  tu m o rs , a d d it io n a l  tu m o r  foci 
w e re  p re se n t  b e y o n d  2 cm  fro m  th e  
m a rg in  of th e  in d e x  tu m o r  (2). T he 
m ajority  of these foci w ere  occult at

m am m ography. These data indicate that 
w hile m am m o g rap h y  is accurate in  de ­
tecting th e  reference lesion, it is less ac­
c u ra te  in  id e n tify in g  m ultifocality.

To o u r  k n o w le d g e , no  results on  
th e  ab ility  of US in  de tec ting  b reast 
tu m o r  m u ltifo ca lity  have  b een  re ­
p o r te d . H a rm s  e t  al (7) re p o rte d  th a t 
M R  im a g in g  d ep ic ted  all add itiona l 
m a m m o g ra p h ic a lly  occult cancers in 
'11 of 30 cases in  w h ich  the  w ho le- 
b re a s t  sp ec im en  w as  serially sec tioned  
(7). H e y w a n g -K o b ru n n e r  an d  O el- 
lin g e r  (22) r e p o r te d  th a t M R im ag ing  
w as  able to  sh o w  80% of all m a lig n an t 
foci, w h e re a s  m a m m o g ra p h y  sh o w ed  
only  20%. In  the p re sen t study, all histo ­
logically p roved  additional m alignant 
invasive lesions w ere  identified on  MR 
im ages (Table 4). All these foci w ere 
characterized  by irregular edges on  the 
3D MP-RAGE images. Two fibroadeno ­
m as w ere  correctly identified on 3D MP- 
RAGE images; how ever, three add i ­
tional lesions tha t fulfilled our MR 
im aging  criteria fo r m alignancy tu rned  
o u t to be fibroadenoma,s.

T h e  re su lts  of th is  s tu d y  indicate  
th a t  M R im a g in g  can  p lay  a com ple-
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F i g u r e  5. I m a g e s  o f  a 4 4 - y e a r - o ld  w o m a n  

w h o  h a d  u n d e r g o n e  b r e a s t - s a v i n g  t h e r a p y  2 

y e a r s  p r e v i o u s l y  fo r  a n  ID C  o f  th e  le f t  b r e a s t  

a n d  w h o  n o w  p r e s e n te d  w i th  a  p a lp a b le  lu m p  

in th e  la te ra l u p p e r  q u a d r a n t  o f  th e  s a m e  b reas t, 

(a) M a m m o g r a m  s h o w s  a n  i r r e g u la r  1.5-cm - 

d ia m e te r  le s io n  (a r ro w ) , a lo n g  w i th  a su rg ica l 

c lip  f ro m  th e  p r e v io u s  o p e r a t io n .  U S  f in d in g s  

c o n f i r m e d  t h e  p r e s e n c e  o f  t h e  le s io n ,  (b) S u b ­

t r a c t e d  s a g i t t a l l y  r e c o n s t r u c t e d  M P -R A G E  

im a g e  s h o w s  t w o  e n h a n c i n g  le s io n s  ( a r ro w s ) ,  

o n e  c o r r e s p o n d i n g  to  th e  i n d e x  t u m o r  a n d  

a n  a d d i t i o n a l  1 - c m - d ia m e te r  l e s io n  j u s t  c a u ­

d a l  to  th e  m a m i l la .  H i s to lo g ic  e x a m in a t io n  

r e v e a l e d  t h a t  b o t h  l e s io n s  w e r e  ID C s .

m e n ta ry  ro le  to m a m m o g ra p h y  an d  
US in  g u id in g  the  surg ical trea tm en t 
of b reas t cancer, b y  its ability to pro-

T a b l e  4

S e n s i t i v i t y  o f  t h e  T h r e e  I m a g i n g  M o d a l i t i e s  f o r  D e t e c t i n g  I n v a s i v e  T u m o r  

M u l t i f o c a l i t y  a n d  U n i f o c a l i t y

T y p e M a m m o g r a p h y U S M R  Im a g in g

M u ltifo c a lity  (n ~  13) 

U n ifo c a lity  {n -  48)

31% (4) 

100% (48)

38% (5) 

100% (46)

100%  (13) 

94%  (47)

N ote .—N u m b e rs  in p a re n th e s e s  a re  n u m b e r  of tum ors.

vide a b e tte r  a sse ssm en t of th e  extent 
a n d  m ultifocality  of th e  m a lig n an t 
process. In  this re tro sp ec tiv e  study , 
w e  analyzed  61 m as tec to m y  spec i ­
m ens. M ultifocality  w as  n o te d  h is to ­
logically a n d  w ith  M R  im a g in g  in 13 
patien ts, w h ereas  it w a s  seen  w ith  
m am m o g rap h y  in  o n ly  fo u r cases. 
Since the  choice b e tw e e n  b reast-sav ­
in g  th e rap y  a n d  m a s te c to m y  is not 
on ly  based  o n  p re o p e ra tiv e  im ag in g  
findings b u t also o n  th e  ju d g m e n t of 
the su rgeon  a n d  th e  w ish  of th e  p a ­
tient, it is difficult to  iso la te  th e  effect 
of MR diagnosis a lo n e  o n  p a tie n t 
treatm ent. Because fa lse-positive  di ­
agnoses are ra re  in  o u r  experience , it 
can  be concluded  th a t  M R im ag in g  
w as decisive in  a m a x im u m  of n ine 
patien ts.

In  conclusion, th e  h isto log ic  find ­
ings of 61 m as tec to m y  sp ec im en s 
w ere  co rre la ted  w ith  p re o p e ra tiv e  
m am m o g rap h y , US/ a n d  MR im ag ing  
results. MR im ag in g  sh o w e d  all h is to ­
logically p ro v e d  m a lig n a n t lesions 
except one  a n d  a llo w e d  es tim atio n  of 
the  size of the  tu m o r  m o re  accura te ly  
th an  d id  m a m m o g ra p h y  or US. The 
size of la rger tu m o rs  w a s  especially  
u n d e re s tim a ted  w ith  m a m m o g ra p h y  
a n d  US. A dd itiona l m a lig n a n t lesions, 
in  particu lar invasive  foci of m u ltifo ­
cal tum ors, w ere  b e s t  id en tif ied  w ith  
MR im aging.

R e f e r e n c e s

1. B ak er LH. B re a s t  C a n c e r  D e te c t io n  D e m ­

o n s tra t io n  P ro je c t:  f iv e  y e a r  s u m m a r y  r e ­

p o r t  CA 1982; 3 2 :1 9 4 -2 2 5 .

2. H o l la n d  R, V e l in g  S H J, M r a v u n a c  M, H e n ­

d r ik s  JH C L . H is to lo g ic  m u lt i fo c a l i ty  o f  tis, 
T l - 2  b re a s t  c a rc in o m a s .  C a n c e r  1985; 56; 

979-990.
3. F o rn a g e  BD, T o u b a s  O , M o re l M . C lin ical, 

m a m m o g r a p h ic  a n d  s o n o g r a p h ic  d e te rm i ­

n a t io n  o f p r e o p e r a t iv e  b r e a s t  c a n c e r  size. 

C a n c e r  1987; 6 0 :7 6 5 -7 7 1 .

4. F lick in g e r  FW , A lliso n  JD , S h e r r y  RM, 

W rig h t JC . D if f e r e n t ia t io n  o f  b e n ig n  fro m  

m a l ig n a n t  b r e a s t  m a s s e s  b y  t im e - in te n s i ty  
e v a lu a t io n  o f  c o n t r a s t  e n h a n c e d  M R  im a g ­

ing . M a g n  R e s o n  I m a g in g  1993; 11:617-620.

5. H a rm s  SE, F la m ig  D P , H e s le y  K L , E v a n s  

W P. M a g n e t ic  r e s o n a n c e  im a g in g  of th e  

b re a s t. M a g n  R e s o n  Q  1992; 8:139-155.

6. B o e tes C, B a re n  ts z  JO , M  u  s R D , e I a 1. M R
c h a ra c te r iz a t io n  o f  s u s p ic io u s  b r e a s t  le ­

s io n s  w ith  a g a d o l in iu m - e n h a n c e d  T u rb o -  

FLA SH  s u b t r a c t io n  te c h n iq u e .  R a d io lo g y  
1994; 193 :777-781 .

7. H a rm s  SE, F la m ig  D P , H e s le y  KL, e t  al.

M R  im a g in g  o f th e  b r e a s t  w i th  r o ta t in g  d e ­

l iv e ry  of e x c ita tio n  o ff  r e s o n a n c e :  c lin ica l 

e x p e r ie n c e  w ith  p a th o lo g ic  c o r re la t io n .  

R a d io lo g y  1993; 187 :493-501 .

8. D a v is  PL, S ta ig e r  M J, H a rr is  KB, G a n o t  M A . 

A ccu racy  o f  b re a s t  c a n c e r  m e a s u r e m e n ts  

w i th  M R  im a g in g , U S, a n d  m a m m o g r a p h y  

(abstr). R a d io lo g y  1994; 193(P):267.

9. H e y w a n g - K o b r u n n e r  SH. C o n t r a s t - e n ­

h a n c e d  M R  im a g in g  o f th e  b re a s t .  B asel, 

S w itz e r la n d :  K a rg e r ,  1990; 47.

10. E g a n  RL. M u lt ic e n tr ic  b r e a s t  c a rc in o m a s :  

c l in ic a l - r a d io g ra p h ic -p a th o lo g ic  w h o le  o r ­

g a n  s tu d ie s  a n d  1 0 -y e a r  s u rv iv a l .  C a n c e r  
1982; 49 :1123-1130 .

11. H o lla n d  R, H e n d r ik s  JH C L , V e rb e e k  A L M , 

M ra v u n a c  M , S c h u u r m a n  S te k h o v e n  JH , 

E x te n t, d is t r ib u t io n ,  a n d  m a m m o g r a p h i c /  

h is to lo g ica l c o r re la t io n  o f  b r e a s t  d u c ta l  c a r ­

c in o m a  in  s itu . L a n c e t  1990; 3 3 5 :5 1 9 -5 2 2 .

12. P e e te r s  P H M , V e rb e e k  A LM , H e n d r ik s  
JH C L , v a n  B on M JH . S c r e e n in g  fo r b r e a s t  

c a n c e r  in  N ijm e g e n :  r e p o r t  o f  six s c r e e n in g  

r o u n d s ,  1975-1986. I n t  J C a n c e r  1989; 43: 

226-230.

13. H o lla n d  R, H e n d r ik s  JH C L , M r a v u n a c  M . 

M a m m o g ra p h ic a l ly  o c c u lt  b r e a s t  c a n c e r .  

C a n c e r  1983; 52 :1810-1819.

Jack so n  V. T h e  ro le  of U S in  b r e a s t  im a g ­

ing . R ad io lo g y  1990; 177 :305-311 .

K o p a n s  DB, M e y e r  JE, U n d f e r s  KK. 

W h o le -b re a s t  US im a g in g :  f o u r -y e a r  fo l ­

lo w -u p . R a d io lo g y  1985; 157 :505-507 .
16. H a rm s  SE, F lam ig  D P , H e s le y  KL, e t al. 

F a t - s u p p re s s e d  th r e e - d im e n s io n a l  M R  im ­

a g in g  of th e  b r e a s t  R a d io G ra p h ic s  1993;

13:247-267.
17. H e y w a n g - K o b r u n n e r  SH , W o lf  A, P ru s s  E, 

H ilb e r tz  T, E ie rm a n n  W, P e r m a n e t t e r  W . 

M R  im a g in g  of th e  b re a s t  w i th  G d -D T P A : 

u s e  a n d  l im ita t io n s . R a d io lo g y  1989; 171: 

95-103 .

18. G r ib b e s ta d  IS, N ils e n  G, F jo s n e  H , e t  a t  
C o n t r a s t - e n h a n c e d  m a g n e t ic  r e s o n a n c e  

im a g in g  o f th e  b re a s t .  A cta O n c o l  1992; 3'J: 
833-842 .

19. B o y ag es  J, R e c h t A, C o n n o l ly  JL, e t  al.

E a rly  b r e a s t  c a n c e r :  p r e d ic to r s  of b re a s t  

r e c u r r e n c e  fo r p a t ie n t s  t r e a te d  w i th  c o n s e r ­

v a t iv e  s u r g e r y  a n d  r a d ia t io n  th e r a p y .  Ra~ 

d io th e r  O n c o l  1990; 19:29—41.

20. G re e n s te in  O re l  S, S ch n a ll M D , L iV olsi VA, 

T ro u p in  R H , S u s p ic io u s  b r e a s t  le s io n s : 

M R  im a g in g  w i th  r a d io lo g ic -p a th o lo g ic  

c o r re la t io n . R a d io lo g y  1994; 190:485^493.

21. H e y w a n g - K o b r u n n e r  SH . B ru s tk r e b s d i ­
a g n o s t ik  m i t  M R: ü b e rb l ic k  n a c h  1,250 p a -  

t ie n te n .  E le c tro m e d ic a  1993; 61 :43 -52 .

22. H e y w a n g - K o b r u n n e r  SH , O e l l in g e r  H . 

B reast: M a g n e v is t  m o n o g r a p h .  O x fo rd , 

E n g la n d :  B lack w ell S c ien tif ic  P u b lic a t io n s ,  

1994; 79 -84 .

14.

15.

V o lu m e  197 • N u m b e r  3 R a d io lo g y  • 747


