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OBJECTIVE A N D  IM P O R T A N C E : Little inform ation is availab le  about 
radiation-induced co m p licatio n s o ccu rrin g  m ore than 5 years after rad io­
surgical treatm ent for arteriovenous m alform ations.

CLINICAL P R E S E N T A T IO N : W e  present a patient w ith arteriovenous m al­
formations w ho  experienced  hem im otor w eakness caused by a diffuse  
white m atter n ecro tic  lesion developing 7 years after gam ma knife rad io­
surgery. The orig inal nidus had been too large (24.1 cm 3) to be totally  
covered and irrad iated  w ith a peripheral dose of 20 to 25 G y . Therefore, 
the low er half of the nidus, w h ich  w as ad jacent to the m ajor feeding  
artery, had been p artia lly  covered w ith a 3 0 %  isodose volum e using two  
target points w ith  an 18-m m  co llim ato r. A central dose of 70 G y  w as used 
to obtain 21 G y  at the periphery. Com plete  nidus obliteration w as an- 
giographically confirm ed 38 m onths after radiosurgery. After a 6-year  
uncom plicated period , this patient experienced a convulsive se izure and 

then mild right hem iparesis.
INTERVEN TIO N: Com puted  tom ography dem onstrated a diffuse hypodense  

area in the left w hite  m atter, w h ich  had not been revealed by the previous 
exam ination. W ith  steroid treatm ent, this patient ach ieved c lin ica l im ­
provement, although there w as no significant im provem ent in the co m ­
puted tom ography-dem onstrated w hite m atter lesion.

CO N CLU SIO N : A lthough the evaluation of this patient m ay not be sufficient 
and further exam inations m ay be necessary, w e tentatively conclud e that 
the com puted tom ography-dem onstrated hypodense lesion in this patient 
is a radiation-related n ecro tic  lesion. Long-term  follow -up is cru c ia l, even  
after the "treatm ent goal" has been ach ieved . ( N e u r o s u r g e r y  4 1 : 1 4 0 5 -  

1 4 0 9 ,  1 9 9 7 )

Keywords: Arteriovenous m alform ations, Delayed com plication, Gam m a knife, Radiation necro-

S|s, Radiosurgery

I n a  p r e v i o u s  r e p o r t  ( 2 4 ) ,  w e  d e s c r i b e d ,  
fo r  t h e  f i r s t  t i m e ,  p o s t r a d i o s u r g i c a l  

c o m p l i c a t i o n s  o c c u r r i n g  m o r e  t h a n  5  
ye a rs  a f t e r  i r r a d i a t i o n  f o r  c e r e b r a l  a r t e r i o -  
Ven o u s  m a l f o r m a t i o n s  ( A V M s ) .  H e r e i n ,

w e  p r e s e n t  a n o t h e r  p a t i e n t  w i t h  A V M s  
w h o  e x p e r i e n c e d  h e m i m o t o r  w e a k n e s s  
c a u s e d  b y  a  d i f f u s e  w h i t e  m a t t e r  i s c h e m i c  
l e s i o n  d e v e l o p i n g  7  y e a r s  a f t e r  g a m m a  
k n i f e  r a d i o s u r g e r y .

C A SE D E S C R IP T IO N

A f t e r  h i s  p r e v i o u s  r e f u s a l  t o  u n d e r g o  
s u r g i c a l  r e s e c t i o n ,  t h i s  2 8 - y e a r - o l d  m a n ,  
i n  w h o m  c l i p p i n g  o f  t h e  f e e d i n g  a r ­
t e r y  h a d  b e e n  u n s u c c e s s f u l ,  u n d e r w e n t  
g a m m a  k n i f e  r a d i o s u r g e r y  f o r  r u p t u r e d  
l e f t  p a r i e t a l  l o b e  A V M s  a t  t h e  K a r o l i n -  
s k a  H o s p i t a l  o n  D e c e m b e r  1 4 ,  1 9 8 8  
(Fig. 1). A t  t h e  t i m e  o f  t r e a t m e n t ,  h e  h a d  
n o  n e u r o l o g i c a l  d e f i c i t s .  T h e  n i d u s  w a s  
t o o  l a r g e  ( 2 4 . 1  c m 3,  a s  c a l c u l a t e d  b y  
m u l t i p l y i n g  t h e  t h r e e  d i a m e t e r s ,  4 . 3 ,  3 . 6 ,  
a n d  3 . 0 ,  b y  0 . 5 2 ,  a s  r e p o r t e d  b y  P a s q u a l i n  
e t  a l .  [ 1 5 ] )  t o  b e  t o t a l l y  c o v e r e d  a n d  i r ­
r a d i a t e d  w i t h  a  p e r i p h e r a l  d o s e  o f  2 0  t o  
2 5  G y ,  c o n s i d e r e d  a t  t h a t  t i m e  t o  b e  t h e  
o p t i m a l  d o s e .  T h e r e f o r e ,  t h e  l o w e r  h a l f  o f  
t h e  n i d u s ,  w h i c h  w a s  a d j a c e n t  t o  t h e  m a ­
j o r  f e e d i n g  a r t e r y ,  w a s  p a r t i a l l y  c o v e r e d  
w i t h  a  3 0 %  i s o d o s e  v o l u m e  u s i n g  t w o  
t a r g e t  p o i n t s  w i t h  a n  1 8 - m m  c o l l i m a t o r  
(Fig. 2 ) .  A  c e n t r a l  d o s e  o f  7 0  G y  w a s  u s e d  
t o  o b t a i n  2 1  G y  a t  t h e  p e r i p h e r y ;  t h e  r e a l  
v o l u m e  i n c l u d e d  w i t h i n  t h e  3 0 %  ( 2 1 . 0  G y )  
i s o d o s e  g r a d i e n t  w a s  e s t i m a t e d  t o  b e
1 2 . 6  c m 3 o n  t h e  b a s i s  o f  t h e  d o s e - v o l u m e  
h i s t o g r a m  o b t a i n e d  u s i n g  a  K U L A  s y s ­
t e m  ( E l e k t a  I n s t r u m e n t  A B ,  S t o c k h o l m ,  
S w e d e n )  a t  t h e  t i m e  o f  t r e a t m e n t .  O n  t h e  
d a y  a f t e r  r a d i o s u r g e r y ,  t w o  g e n e r a l i z e d  
c o n v u l s i v e  s e i z u r e s  o c c u r r e d .  H o w e v e r ,  
t h e r e  w e r e  n e i t h e r  s u b s e q u e n t  c h a n g e s  
i n  s e i z u r e  f r e q u e n c y ,  s u b s e q u e n t  b l e e d ­
i n g ,  n o r  r a d i a t i o n - r e l a t e d  c o m p l i c a t i o n s  
d u r i n g  t h e  6  y e a r s  a f t e r  g a m m a  k n i f e  
r a d i o s u r g e r y .  C o m p l e t e  o b l i t e r a t i o n  w a s  
a n g i o g r a p h i c a l l y  c o n f i r m e d  3 8  m o n t h s  a f ­
t e r  r a d i o s u r g e r y  (Fig. 3 ) .

T h i s  p a t i e n t  p r e s e n t e d  t o  o u r  f a c i l i t y  
w i t h  m i l d  r i g h t  h e m i p a r e s i s ,  w h i c h  h a d  
d e v e l o p e d  a f t e r  a  c o n v u l s i v e  s e i z u r e  i n  
m i d - D e c e m b e r  o f  1 9 9 5 .  C o m p u t e d  t o ­
m o g r a p h y  ( C T )  d e m o n s t r a t e d  a  d i f f u s e  
h y p o d e n s e  a r e a  i n  t h e  l e f t  w h i t e  m a t t e r ,  
w h i c h  h a d  n o t  b e e n  r e v e a l e d  b y  t h e  p r e ­
v i o u s  e x a m i n a t i o n  (Fig. 4). W i t h  s t e r o i d  
t r e a t m e n t ,  t h e  p a t i e n t  s h o w e d  c l i n i c a l  
i m p r o v e m e n t  w i t h i n  2  m o n t h s ,  d e s p i t e  
t h e  l a c k  o f  a n y  s i g n i f i c a n t  i m p r o v e m e n t  
i n  t h e  w h i t e  m a t t e r  l e s i o n  r e v e a l e d  b y  
C T .  T h e  p a t i e n t  w a s  i n  g o o d  c o n d i t i o n  
u n t i l  J u l y  4 ,  1 9 9 6 ,  w h e n  h e  e x p e r i e n c e d  
a n o t h e r  c o n v u l s i v e  s e i z u r e .  T h e  f i n d ­
i n g s  o f  p r e c o n t r a s t - e n h a n c e d  C T  w e r e
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FIGURE 1. Anteroposterior (A) and lateral (B)  views of angiograms obtained 
before radiosurgery.

FIGURE 3. Anteroposterior (A) and lateral (B) views of angiograms obtained 38 
months after radiosurgery. Complete nidus obliteration was angiographically con­
firmed, despite the upper part of the AVMs not having been included within the target 
volume.

unchanged, and postcontrast-enhanced
CT demonstrated only a slightly en 
hanced area within a part of the treated 
nidus (Fig. 4 0 ;  this type of abnormal 
enhancement is usually observable for 
many years after angiographically con 
firmed obliteration of AVMs, as we re­
ported previously (26). Single photon 
emission computed tomography using 
94mTc-ethyl cysteinate daimer showed a 
hypoperfused area in the left parietal 
region, which was surrounded by a 
slightly hyperperfused area (Fig. 5). Post- 
ictally, mild right hemiparesis persisted 
and was still persisting as of the end of 
August, 1996.

D ISCU SSIO N

Delayed radiation-induced complica­
tions after radiosurgical treatment for 
AVMs, rates of which reportedly range 
from 3.2 to 12.5%, have been described 
by all investigators using gamma knives 
(8, 9, 12, 14, 16, 19-22), linear accelerator 
systems (1-3, 6, 7, 13, 17), or particle 
beam systems (4, 5, 10, 18). The majority 
of such complications occurred by the 
third postradiosurgical year. Previously, 
there were no reports of series of AVlVb 
in which delayed radiation-induced com­
plications occurring more than 5 years 
after irradiation were described. How­
ever, as we recently reported (24) in 
our series of 38 patients with AVMs 
who have been followed for more than 
5 years after gamma knife radiosur­
gery, we experienced two patients 
(5.0%) with sym ptom atic complica­
tions that developed 5.5 and 7 years, 
respectively, after irradiation. Herein, 
another patient with a late complica­
tion, which developed 7 years after 
irradiation, is presented.

Based on the neuroimaging fin d in g s  

for this patient, the C T - d e m o n s t r a t e d  

hypodense area, which although diffu se  

was limited to the white matter, was 

considered to be a radiation-induced ne­
crotic lesion. The mechanism o f  this 
type of complication has yet to b e  fully 
clarified. We have elsewhere r e p o r t e d  

an autopsy case with AVMs treated by 
gamma knife radiosurgery, in which 
postmortem studies after death that was 
unrelated to the AVMs were c o n d u c t e d  

after angiography performed at 2 years

FIGURE 2. Anteroposterior (A) and lateral (B ) views of stereotactic angiograms 
obtained at the time of radiosurgery. The thick lines (white in the anteroposterior view 
and hlack in the lateral view) show the nidus configuration. The dotted lines (white in 
the anteroposterior view and hlack in the lateral view) show the essential part of the 
nidus to be included within a target volume. The lines were drawn by a neuroradiolo­
gist. The isodose gradient is superimposed 90, 70, 50, 30, 20, and 10% from the 
center.
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d e m o n s t r a t e d  c o m p l e t e  n i d u s  o b l i t e r a ­
t i o n  ( 2 5 ) .  T h i s  s t u d y  d i s c l o s e d  t h a t  i n t i -  
m a l  h y p e r t r o p h y  c a n  o c c u r  i n  a  n o r m a l  
p i a l  a r t e r y  t h a t  i s  u n r e l a t e d  t o  A V M s  
b e c a u s e  o f  i r r a d i a t i o n  o f  1 0  G y  o r  m o r e  
a n d  t h a t  m o r e  r e m a r k a b l e  i n t i m a l  h y ­
p e r t r o p h y  w i t h  f r a g m e n t a t i o n  o f  t h e  
e l a s t i c  l a m i n a e ,  o r  e v e n  c o m p l e t e  o c c l u ­
s i o n ,  c a n  o c c u r  i n  t h e s e  a r t e r i e s  w i t h  2 5  
G y .  I n  a d d i t i o n ,  w e  h a v e  e l s e w h e r e  r e ­
p o r t e d  t h e  c a s e  o f  a  p a t i e n t  w i t h  A V M s  
i n  w h o m  s e v e r e ,  a l t h o u g h  a s y m p t o m ­
a t i c ,  s t e n o s i s  o f  t h e  m i d d l e  c e r e b r a l  a r ­
t e r y  t r u n k  h a d  b e e n  c a u s e d  b y  r e l a t i v e l y  
l o w - d o s e  i r r a d i a t i o n  3  y e a r s  a f t e r  
g a m m a  k n i f e  r a d i o s u r g e r y  ( 2 3 ) .  F o r  t h e  
p r e s e n t  p a t i e n t ,  t h e  i r r a d i a t i o n  d o s e  t o  
t h e  a f f e c t e d  a r t e r y  w a s  r e t r o s p e c t i v e l y  
e s t i m a t e d  t o  b e  1 0  G y  o r  l e s s .  W e  t h i n k  
t h a t  t h e  c h a n g e s  h a d  p r o g r e s s e d  i n  
s m a l l  a r t e r i e s  o f  t h e  w h i t e  m a t t e r  f o r  
m a n y  y e a r s  a f t e r  i r r a d i a t i o n  a n d  t h a t  t h e  
d i f f u s e  w h i t e  m a t t e r  h y p o d e n s i t y  e v e n ­
t u a l l y  d e v e l o p e d .

A l t h o u g h ,  b e c a u s e  o f  t h e  p a r t i a l  i r r a ­
d i a t i o n  c o v e r a g e  i n  t h e  p r e s e n t  p a t i e n t ,  
t h e  d o s e - v o l u m e  a n a l y s i s  m a y  b e  i n ­
a d e q u a t e ,  t h e  2 1 . 0  G y - 1 2 . 6  c m 3 p o i n t  
u s e d  e x c e e d s  t h e  e s t a b l i s h e d  3 %  r i s k  
o f  p e r m a n e n t  s y m p t o m a t i c  b r a i n  i n j u r y  
r e p o r t e d  b y  K o n d z i o l k a  e t  a l .  ( 1 1 ) .  S i m ­
i l a r l y ,  t h e  d o s e - d i a m e t e r  p o i n t  ( 2 1 . 0  G y -
3 . 5  c m ,  w h i c h  i s  t h e  m a x i m u m  d i a m e t e r  
o f  a  3 0 %  i s o d o s e  g r a d i e n t )  i s  f a r  a b o v e  
t h e  1 %  r i s k  l e v e l  f o r  r a d i o n e c r o s i s  r e ­
p o r t e d  b y  F r i e d m a n  a n d  B o v a  ( 6 ) .  T h e  
i r r a d i a t i o n  d o s e  o f  7 0  G y  s e l e c t e d  a t  t h e  
t a r g e t  c e n t e r  i s  c o n s i d e r e d  t o  b e  h i g h ;  
t o d a y ,  t h e  c e n t r a l  d o s e  u s e d  f o r  p a t i e n t s  
w i t h  A V M s  d o e s  n o t  e x c e e d  5 0  t o  5 5  G y  
i n  t h e  m a j o r i t y  o f  c e n t e r s  u s i n g  g a m m a  
k n i v e s  o r  l i n e a r  a c c e l e r a t o r  s y s t e m s  
( 3 ,  6 ,  7 ,  1 3 ,  1 4 ,  1 6 ,  1 7 ,  2 2 ) .  F u r t h e r m o r e ,  
w h e n  t h i s  p a t i e n t  u n d e r w e n t  g a m m a  
k n i f e  r a d i o s u r g e r y ,  o n l y  a n g i o g r a m s  
w e r e  u s e d  f o r  d o s e  p l a n n i n g .  I n  r e c e n t  
y e a r s ,  h o w e v e r ,  t h r e e - d i m e n s i o n a l  i m ­
a g i n g  e x a m i n a t i o n s  h a v e  b e e n  w i d e l y  
u s e d  f o r  r a d i o s u r g i c a l  t r e a t m e n t  o f  
A V M s .  T h e r e f o r e ,  i t  i s  n o w  e x p e c t e d  
t h a t  r a d i o s u r g e r y ,  e v e n  f o r  p a t i e n t s  w i t h  
r e l a t i v e l y  l a r g e  A V M s ,  i s  r e l a t i v e l y  s a f e
( 2 2 ) .  L o n g - t e r m  f o l l o w - u p ,  h o w e v e r ,  i s  
c r u c i a l ,  e v e n  a f t e r  t h e  " t r e a t m e n t  g o a l , "  
a s  d e s c r i b e d  b y  L i n d q u i s t  a n d  S t e i n e r
( 1 2 ) ,  h a s  b e e n  a c h i e v e d .

FIGURE 4. Sequential computed tomographic scans obtained 38 (A ), 91 (B), and 92 
IC) months after radiosurgery; with (C) and without (A and B) contrast tn ancement
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FIGURE 5. Coronal views of single photon emission computed tomographic scans 
using ,,,,mTc-ethyl cysteinate daimer obtained 92 months after radiosurgery, show­
ing a hypoperfused area in the left parietal region, which was surrounded by a 
slightly hyperperfused area.
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