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OBJECTIVE: To e s t a b l i s h  s t e r e c ~ t a c t i c  heavy-ion Bragg peak radiosurgery f o r  brain d i so rde r s ,  
including i n t i - a c r a n i a l  arceriovenous m a l f o r m a t i o n s  ( A L ' i k ) ,  as a nuclear medicine resecrch 
method appl ied t o  the study of  brain d isease  i n  n a n , ' t o  exzrin2 physica.1 and  biological  
p rope r t i e s  G f  s t e r e o t z c t i c a l  l y -d i r ec t ed  narrow he?vy-ion hems in  the  CNS, f o r  in;?roving 
methods of dose-delivery 2 n d  h s e - d i s t r i b u t i o n ,  and f o r  e s t ab l i sh ing  RBE/LET r e l a t ionsh ips  
for CKS t i s s u e  response. RATiO3ALE: Rarrow beam of he1 iuz i ons  have supe r io r  biological  
and  physical e f f e c t s  i n  brain over X- a n d  y-rays;  heavy ions a t  the  B E V A L A C  have advar.tages 
over  hel iuq i o n s  ar?3 prot3ns for  CflS d i sorders  i n  man, i n c l u d i n g  l e s s  range s t r agg l ing  and 
n u 1  t i71e  s c a t t s r i n g  f o r  s a x  res idua l  ranse i n  t i s s u e s ,  i2:proved doze -d i s t r ibu t ion  i n  B ' r z ~ g  
peck, a n a  shz i -p  l a t e r a l  end 5i':;al bGrders, :ritn g r e z t e r  sparing o f  c r i t i c 2 1  adjacent  CNS 
s t I-u c t u  r e s  . E X F E 2 I f.1 EK TAL AP 3 2s ACE : I n t e r a c t i ve c ha r T 2 d - pa 1- t i c 1 e t r e a t z e  n t pl a ~n i ~5 2 nd i n - 
s t ru~ :en ta t i cn /enS inee r ing  ces i sn  a :  l o a  de l ive ry  of nart-ov kzvy- ion  beans t o  pred2tcrnined,  
3 -d i ?ens ion~ l  tsrGet vo1uii;es v;i th in  brain or spinal  cord; qbanti  t a t i ve  S X  a n a  SPECT izagins 
a t  UCSF. PR3GXSS:  Cl in ica l  research program - over 5 5  radiosurgical  b ra in  p a t i e n t s  k:j t h  
i n t r a c r a n i a l  vascular d i so rde r s  have been s tudied a n d  t r2a ted  with charged-par t ic le  beams. 
Research a c t i v i t i e s  have expanded t o  app l i ca t ions  of W R  a n d  rad ionucl ide  SPECT imaging of 
CriS t i s s u e s  t r ea t ed  w i t h  heavy ions.  SIGNIF1CA:ICE: On  average, 500,000 people i n  the Unite.' 
S t a t e s  have l i f e - t h r e a t e n i n g  AVI4s; the annual rate o f  rupture  i s  2-37;, the  r a t e  of rebleedin 
i s  6;; in the f i r s t  ye?r  z f t e r  hezorrnaGe a n d  2r;,/yr t h e r e a f t e r .  
heil lorrha~e, 20;; k i i t n  each - reb leeding .  
the  po ten t i a l  o f  conferr ing pro tec t ion  aga ins t  rebleeding,  in  many cases  leading t o  o b l i t e r a  
ti011 of  the les ion with miniinal riiorbidi ty  and no m o r t a l i t y .  

. modif icat ions a n d  imDrovei::ents o f  rad iosurg ica l  i i iethd t o  e s t a b l i s h  the  long-tenti bene f i t  of 
treatment o f  brain \vi tn s t e r e o t a c t i c a l  ly -d i rec ted  narro:v be2I:is o f  acce le ra t ed  charged 
p a r t i c l e s ;  q u s n t i t a t i o n ,  using MIR a n d  SPECT, o f  CNS t i s s u e  in ju ry  and  r e p a i r  and cerebral  
blood f l o w  a 1  t e r a t i o n s  following cerebral  heavy-ion i r r a d i a t i o n ;  developxent of the I;:ethod 
of s t e r e o t a c t i c  heavy-ion Bragg peak cerebral  i r r a d i a t i o n  ( c a r b o n  a n d  neon) a t  the B E V A L A C .  
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A t t a c h m e n t  c .  Purpose: - 

7. TASK TiTLE 
/ Heavy Ion Radiosurgery - 

NUCLEAR f . I E D I C I N E :  STEREOTACTIC HEAVY-ION BRAGG PEAK RADIOSURGERY FOR 
I N T R A C W ~ I A ?  \/kSCULA;! DISORDERS OF THE BRAIN 

8. WORK P A C U G E  TITLE 

This nuc l s i r  i redicine i n v e s t i g a t i v e  p r o g r a  ,provides t h e  rad iosurg ica l  
research supqori f o r  appl i c a t i c n  o f  s t e r e o t a c t i c a l  l y -d i r ec t ed  narrow heavy 
charged p z r t i c l e  hems f o r  t h e  i n v e s t i g z t i o n  and t reatment  of p a t i e n t s  with 
i n t r a c r a n i a l  vascul ar d i s o r d e r s ,  inc l  u5ing deep zr ter iovenous malformations 
(AVKs) i n  the  b r a i n  2nd sp ina l  cord .  Research i s  d i r ec t ed  t o :  

(1 ) .  T h e  i n v e s t i g z t i o n  of t h e  physical and b io logica l  p r o p a - t i e s  of t h e  
h e l i m - i o n  bem ( 1 P - i n c h  Synchrocyclotron) and heavier  (e.g., C, Ne) b e m s  
(BEI 'ALAC) appropriate  f o r  producing narrow focal  l e s i o n s  in the  cen t r a l  nervous 
system, includinq improved dose -d i s t r ibu t ion  and dose-del i ve ry  within t h e  bra in  
an:! with r a p i d  r a t e  of energy l o s s  with3ut d m a g e  t o  adjacent  c r i t i c a l  CNS 
s t r u c t u r e s  2nd neuroanztonical  s i t e s .  

( 2 )  To decrebse or  e l j n i n a t e  t h e  t h r e a t  of i n t r z c r a n i a l  henorrhage and 
progressive n5vrological d e f i c i t  i n  persgns w i t h  incFeraSle o r  i naccess ib l e  
A M s ,  u s i q  a s a f e ,  noninvasive heavy charged p a r t i c l e  r a d i a t i o n  procedure. 

( 3 )  To u t i l i z e  c u r r e n t  . i nves t iga t ive  nuclear medicine methods ( inc lud ing  
h'X2 and  S?EC?) t o  eva lua te  t h e  C N S  t i s s u e  response and  a l tered cerebra l  blood 
f l o x  dyna-nics i n  persons undergoing hezvy charged p a r t i c l e  s t e r e o t a c t i c  . 
r a d  i osurgery . 

I 

. 
Attachment d .  Exk3round: - 

.- . . .- . -. . .. 

In t racran i  a1 a r te r iovenous  mal foraa t ions  (AVXs)  have been t h 2  ob jec t  o f  
' i nves t iga t ion  for  Over a cen tury  (Kunc, 1378; Nystrbm, 1978) .  tfowever, deep 

i n t r a c r a n i  a1 a r te r iovenous  mal format ions  i ncl  udi ng c a r o t i d  ar tery-cavernous 
s inus  f i s t u l a s  (CCFs), have not been reported on or  t r e a t e d  u n t i l  the  l a s t  two 
decades, p r imar i ly  because of t h e i r  . v a r i a b l e  sjrr,ptorns, changeable 
pathoanato:nical re1 a t i o n s h i p s ,  and i n a c c e s s i b i l i t y  t o  vascul  ar b r a i n  surgery 
(Kunc ' ,  1978).  Recent advances i n  neurodiagnos t ic  and microsurgical  techniques 
have made d i r e c t  neurosurgical  t rea tment  o f  some i n t r a c r a n i a l  AVI-1s s a f e r  and 
more successfu l .  Surqical  t r e a t a e n t  o f  A V : ~ S  inv'olves t o t a l  e x c i s i o n ,  Hhcre 
poss ib le ,  o r  combined' with 1 ioa t ion  or  i n t r a v a s c u l  a r  occlusion o f  feeding 
a r t e r i e s  a n d  shunt ing v e s s e l s  ( K u n c ,  1978; Lekse I l ¶  1 9 7 1 ) .  For deep-seated 
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20. DETAJLATTACHMENTS: 
AVMs, including CCFs, surgical  approaches are f requent ly  too d i f f i c u l t  and 
associated w i t h  s i g n i f i c a n t  risk o f  massive bleeding or severe neurological 
d e f i c i t ,  or f a i l u r e  of o b l i t e r a t i o n .  Similar r i s k s  and complications are 

.. associ ated w i t h  electrothrombosis , cryocoagul a t  ion, bal l  oon ca the te r i za t ion ,  
and in t ravascular  embolization w i t h  syn the t ic  polymers (Kunc, 1978). 
Conventional radiotherapy as . a  method of induced thrombosis has  been tried i n  
t h e  past  (Johnson, 1975) b u t  now has been -generally abandoned as unsuccessful 
( P e r r e t ,  1975;  Olivecrona and Ladenheim, J . ,  1957; .Pool, 1962; French and Chou,  
1 9 6 9 ) .  S t e reo tac t i c  charged-part i c l e  radiosurgery holds considerable promise 
f o r  the t r ea t aen t  of deep-seated, large,  or su rg ica l ly  inaccessible  AVMs 
(Lekse l l ,  1971;  Kjel lberg,  1977;  Kjellberg e t  a l . ,  1978; 1983; Kunc, 1978; 
Nystrdm, 1978; B a c k l u n d ,  1978; Stziner e t  a l . ,  1978; F a b r i k a n t  e t  a l . ,  1983, 
1983; Lawrence, 1983). 

./ - 7. TASK TFTLE 
/ Heavy Ion Radiosurgery r 

The incidence r a t e  of k n o w n  inoperable deep AVMs approaches 3n16 case per 
100,000 a n n u a l l y  f o r  t he  whole population (Nystrbm, 1978) .  A f a i r l y  la rge  
nunber of deep AVMs escape diagnosis based on autopsy s e r i e s ;  therefore  the  
actual  incidence r a t e  m i g h t  be twice as large.  Inoperable deep AVYs comprise 
a b o u t  25% of a l l  i n t r ac ran ia l  AVMs. In  ch i ldren ,  deep AVYs can comprise as 
m u c h  as 1% of neuropediatr ic  hospi ta l  admissions. Deep AVYs appear mst 
f r equen t ly  in males; about 75% of pa t i en t s  w i t h  deep AVMs develop synptons. 

. before 40 years of age. Mortal i ty  f o r  a1 1 A W s  approaches 15%; i t  is much' . .  
higher ,  perhaps aoproaching 25%, fo r  deep AVMs owing  t o  the more dangerous 
s i t s  and the higher frequency o f  bleeding from sone deep AVHs. Yorbidity, 
i n c l u d i n g  heoorrhage, neurologic d i s a b i l i t y ,  pares i s ,  a t a x i a ,  b r a i n  stem 
dysfunct ion,  COXIS and  s e i zu res ,  i s  often severe since deep AVYs are almost 
always locat26 close t o  important b r a i n  s t ruc tu res .  Hemorrhage occurs in up  t o  
255: of p a t i e n t s ;  the incidence of severely neurologically disabled pa t i en t s  
approaches 23%, although rcorbidity, as such, including severe i n t r a c t a b l e  
headaches, i s  very much higher (Kunc, 1975; Nystrtlm, 1978) .  

A general 'concept in radiobiology i s  t h a t  blood vessels  may be injured by 
ionizing r a d i a t i o n  leading t o  thrombosis and  henostasis ( Z u b i n  and  Casare t t ,  
1968; Fabrikant,  1 9 7 2 ) .  A mechanism i s  postulated involving th ree  sequent ia l  
f a c t w s :  (1) vascular i n j u r y ,  ( 2 )  deviation of blood f low from the nornal blood 
flow p a t t e r n ,  and ( 3 )  increased p l a t e l e t  a c t i v i t y ,  increased ac t iva t ion  of 
coagulat ion,  decreased f i b r i n o l y t i c  a c t i v i t y ,  leading t o  thrombosis and 
hemostasis. I t  appears t h a t  the  small abnormal feeding or shunting vesse ls  of 
an AVM possess hemodynamic flow conditions t h a t  d i f f e r  from flow in normal 
ves se l s .  These smal 1 shunting vessels are  i r r a d i  ated with the  in t en t  in i  t i  a t e  
thrombosis and hemostasis i n  t he  AVM w i t h  eventual complete o b l i t e r a t i o n .  

Attachment e ,  Approach: 

230-Me\llu he1  i u m  i o n  beam a t  the  184-inch Synchrocyclotron has been developed 
(Lyman e t  a l . ,  i n  p r e s s ) .  This modified beam has a 14 .7  cm range in water t o  

prac t i ca l  l imi t s  on beam diameter range from 0.6 cm t o  4.0 cm. The  unmodulated I ,  

Bragg peak m a x i m u m  dose i s  g rea te r  t h a n  3 times the entrance dose and the  width , 
of the  peak a t  80% o f  the  m a x i m u m  is 0.7 cm. The range of the helium-ion bean 
can be modulated by a ro t a t ing  acry l ic  var iab le  thickness absorber t o  increase 
the  w i d t h  o f  the  h i g h  dose region for  t h i s  appl icat ion t o  as nuch as 4 .0  crn. a 
The physical p roper t ies  of  t h i s  beam are s i m i l a r  t o  those o f  the proton beans 

- 
Charged-Particle Beams. A s t e r e o t a c t i c  radiosurgery beamline f o r  the  

,?'J 
I_ -- 

t he  Bragg peak ,  w i t h  sharply delimited l a t e r a l  and d i s t a l  borders.  The a- I, 

.* 

r -? 
- C,>Q 

a. WORK PACKAGE TITLE 



I 

I. W O W  PACKAGE NUM8ER 2. TAX NO. 3. REV. NO. 4. PROJECT NO. S.  DATE P R F P U E D  6. CONTUCTOR NuMa 

0 04- 01 - 84 4455-0003 32 

This helium-ion beam has proven s u i t a b l e  for  neuroscience research t o  
< n i x e  focal les ions i n  the  c m t r a l  nervous systen ( F a b r i k a n t  et a l . ,  1980). 
I t  provides aood dose- lacal i  zation and dose-d is t r ibu t ion  fo r  s te reo tac t" ic  
helium-ion radiosurgery i n  a l l  pa t i en t s  w i t h  AVYs,  including CCFs, t h u s  f a r  
t r e a t e d .  Studies a re  i n  progress t o  develop beam Charac te r i s t i c s  of heavier 
' ions, such as carbon ions w i t h  small uniform t ransverse  p r o f i l e  and modified 
B r a g g  peak fo r  improved dose-d is t r ibu t ion  a t  the  SEVALAC. These heavier-ion 
beams have physical c h a r a c t e r i s t i c s  with unique advantageas f o r  appl icat ion t o  
s t 2 r e o t a c t i c  Pragg peak rzdiosurgery of t he  cent ra l  nervous sys ten  (3udinger e t  
a l . ,  1977,  Fabrikant e t  a1 ., 1980). 

Heavy Ion Radiosurgery 

Heavy Charcjed Par t ic le -  Treatment Planning. Considerable study has gone 
i n t o  t h e d m e n t  of a s t e r e o t a c t i c  system f o r  de l ivery  o f  heavy 
c h a r g e d - p s t i c l e  beans t o  i n t r ac ran ia l  AVXs (Lyman, 1983; Lyman and Chong, 
1973; ':pan and Y w r d ,  1977; Lynan e t  a l . ,  1971, 1973, 1979, 1980, in press;  
Tobias e: a l . ,  1952; Chen e t  a l . ,  1979; B u d i n P o r  e t  a l . ,  1977;  Fabrikant et 
a l . ,  1933, 1%:, i n  p r e s s ) .  Tne present procedure begins w i t h  the  f ab r i ca t ion  
of a vacgm-iwzed polystyrens he3d-holder f o r  i n o b i  l i z a t i o n  of the. pa t i en t .  A 
s t e r z o t a c t i c  frame (Lekse' l l ,  197i; Lyman e t  a l . ,  i n  p repara t ion)  i s  attached t o  
the  head- ianobi l iza t im riask, an3 adapted t o  cerebral  angiographic and X-ray CT 
equsprrrent and t o  the pa t ien t -pos i t ioner  a t  t he  184-inch Synchrocyclotron. 
S t e reo tac t i c  cerebral  angiography and CT brain scans are  performed. 
are t r ans fe r r ed  t o  a V A X  11/780 computer system i n  our laboratory f o r  
i n t e r a c t i v e  charged-part ic le  treatinent planning and provide the  b a s i s  f o r  
t ro3 tnent  p l a n n i n g  ( L y m n  e t  a l . ,  i n  p repa ra t ion ) .  Entry angles and  bean ports  
are  chosgn t o  confine the h igh -dose  Bragg peak region t~ the d e f i n e d . t a r g e t  
volume while ca re fu l ly  protect ing adjacent normal brain s t r u c t u r e s .  Treatinent 
planning programs use the  CT da ta  on a pixel-by-pixel bas i s  t o  ( a )  design 
and /o r  s e l ec t  a col l imator  f o r  each en t ry  p o r t a l ,  ( b )  s e l ec t  t he  appropriate 
spread Bragg peak f o r  helium-ion r ad ia t ion ,  ( c )  s e l e c t  the  appropriate  res idual  
range f o r  each bean entry,  ( d )  design appropriate  compensators t o  contour the  
s t o p p i n g  region o f  the helium-ion beams, and ( e )  generate  i soe f fec t  and 
physical dose-d is t r ibu t ions  overlayed on the  CT image (Lyman e t  a l . ,  i n  
p repara t ion) .  

The  data 

. .  

Patient  Treatment. Treatment w i t h  helium-ion beam i s  based on the 
indiv-computerized dose-d is t r ibu t ions  ca lcu la ted  from CT scans and 
cerebra l  a n g i o g r a m  (Lyman e t  a l . ,  i n  press;  F a b r i k a n t  e t  al.., 1983; i n  p re s s ) .  CJ 
The p a t i e n t ' s  head i s  secured t o  the  ISAH system ( I r r a d i a t i o n  S t e r e o t a c t i c  -;-a 

head-imnobilizer (Lyman e t  a l . ,  i n  press;  Lyman and Chong, 1974; Tobias 1980; 
Lawrence, 1983; i n  p r e s s ) .  Necessary minor cor rec t ions  of the X ,  Y and Z L ' - j  
coordinates  are made d u r i n g  a f i n a l  alignment period pr ior  t o  therapy. 
Present ly ,  t o t a l  dose% o f  45 Gy equivalent (GyE) are  del ivered t o  t r ea tnen t  
volumes of up t o  25 cm ; the  smallest  volumes t r ea t ed  w i t h  the unmodified B r q g  

Apparatus for Humans) a t  the  184-inch Synchrocyclotron by the  polystyrene c 1  

0 
ep 
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peak are abou t  0.12 cmJ3 and the  Tverage volumes t rea ted  f o r  most pa t i en t s  are 
i n  the  range of 1 . 5  cm t o  5 cm . Treatinent occurs t h r o u g h  1 t o  6 en t ry  
p o r t a l s ,  del ivered da i ly  for  1 t o  3 days, depending on the treatment volurne, 
and the volume o f  normal brain t i s s u e  t raversed by the beam. I r rad ia t ion  times 
per portal  range from--1 t o  4 minutes !L,vmzn e t  a1 . , i n  press] .  The dose t o  the  
c r i t i c a l  normal brain s t ruc tu res  imed’a t e ly  surroundinq the .AVH i s  
considerably l e s s  t h a n  45 GyE. For a ‘ s i n g l e  beam; f a l l - o f f  t o  10% of the  
maximum cent ra l  dose occurs w i t h i n  4-6 m and i s  much sharper (within 2-3 mn) 
along the  l a t e r a l  margins of the helium-ion bean ( L p a n  e t  a ; . ,  i n  p re s s ) .  The 
cen t r a l  A X 1  doss,  the aperturs  s i z e ,  the number of por t s ,  the  beam -direct ion,  
and  the sprszd 3ragg pe?k a l l  deternine the iscdose contours.  

8. WORK PACKAGE TITLE 

AttachTent - f .  Technical Progress: 

was t r ea t ed  w i t h  s t e r e o t a c t i c  heavy charged-part ic le  radiosurgery using 
233-MeV/u helium i o n s  a t  the  184-inch Sywhrocyclotron a t  Lawrence Berkeley 
Laboratory ( F a k r i k a n t  e t  a l . ,  19301. Since then, 55 pat ien ts  with deep 
in t r ac ran i  31 vascu: ar disorders  have been t r zz t ed ,  and additional pa t i en t s  are 
present ly  p l  anned . 

Cerebral ay iog raphy  and CT b r a i n  scanning are carr ied o u t  prior t o  * . 
s t e r e o t z c t i c  rzdiosurgery and a t  se lected in t e rva l s  following radiosurgery. 
Extended fol low-u; ,  t~ 35 m n t h s  i s  done on a regular bas i s ,  and 48 t o  60 months 
i s  planned f a r  each pzt ient  as necessary. 

I n  l a t e  1980, our f i r s t  pa t ien t  w i t h  an inoperable deep in t racran ia l  AV!4 

C1 inic2.i G b j s c t i * J e s  ar2 t o  zchi2ve changes i n  the intracerebral  
henadynz3ic c:ns;:ion r e sc l t i ng  i n  a d2cr2ass in (1) frequency of hemorrhages, 
( 2 )  i n  neuralogiczl  de f i c i enc i? s ,  ( 3 )  subject ive com2laints including 
headaches, c r  ( 4 )  i n  frequency of se izures .  I n i t i a l  observations in a l l  55 
pa t i en t s  thus f a r  t r ea t ed  ind ica te  t h a t  these object ives  are being achieved. 
There have been no neurologic com?lications of r a d i a t i o n  damage t o  the normal . 
b r a i n  t i s s u e ;  thus f a r ,  no evidence o f  b r a i n  injury or progres,sive or fixed 
neurological de f i c i enc ie s  have occurred as a r e su l t  of the s t e r e o t a c t i c  
rad josurg ica l  proc2dLre. 

R a d i a t i o n  t r e a t z e n t  ob jec t ives  are t o  achieve hemodynamic changes, e.g. ,  
decreas2 i n  blocd f l o w  t h r o u g h  the AY!I w i t h  decrease i n  the  s i z e  of the  AVM 
u n t i l  t o t a l  disappearance.  I t  has been observed both by the Karolinska group 
(3acklund, 1980; S te iner ,  personal comwnication) and  the Harvard group 
(Kjel lberg,  personal communication) t h a t  hemodynainic changes occur 
progress ive ly  and are  usual ly  present before morphological vascular 
a l t e r a t i o n s .  Since i t  nay requi re  up  t o  1 2  t o  18 months before i n i t i a l  changes 
a re  observed and may n o t  be completed Sn some instances before 24 months, and 
s ince  most pa t i en t s  i n  ou r  c l i n i c a l  research s t u d y  have been t r ea t ed  w i t h i n  the 
past  18 months, i t  i s  not possible  t o  provide observations on long-term 
follow-up a t  t h i s  time. However, i n  7 pa t i en t s ,  s ign i f i can t  decrease i n  s i z e  
of and tne  r a t e  of blood f l o w  t h r o u g h  the t rea ted  AVM has already occurred. I n  
one pa t ien t  w i t h  a C C F ,  the  f i s t u l a  was completely ob l i t e r a t ed  a t  3 months, a n d  
her pulsat ing exophthalmos, headache, and visual disturbances are completely 
re1 i eved. 
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Pat ien t  E v a l u a t i o n  and  Follow-up. During the  next four years ,  studies on 
t r e a t e d  A V N  b r a i n  p a t i e n F w i 1 1  emphasize the r e s u l t s  of s t e r e o t a c t i c  heavy 
c h ar g ed -p a r t  i c 1 e rad i os ur g e ry  w i t h t i me. 

(1) Neurological condi t ion.  Pa t i en t s .  most f requent ly  present w i t h  one or 
more of the  following c l i n i c a l  fea tures :  herxorrhage, se izure ,  headache, 
neurological d e f i c i t s ,  and mental d e f i c i t s .  The extent  t o  which the  changes i n  
t h e  hemodynanic c o n d i t i o n  following treatment of the A'JM may r e s u l t  i n  decrease 
of negrological lief ic i5nci  e s ,  subject ive complaints, frequency of s2i zures ,  
e t c . ,  w i l l  be evalilated. 

. .  
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( 2 )  Radiological s tud ie s .  Cerebral angiography, X-ray CT scanning and 
' ce r t a in  special  i nves t iga t ive  s tud ies  (e .g .  , positron exiss ion tomography (PET)  
a n d / o r  s ing le  photon  eniss ion computed tomography ( S P E C T )  s c a n n i n g  and nuclear 
magnetic resonance (NlrF!) scanning) are  being car r ied  out  or planned for a11 
p a t i e n t s  p r io r  t o  s terreotact ic  radiosurgery,  and a t  i n t e r v a l s  following 
t rez tment .  The following changes, i f  present ,  will be q u m t i f i e d .  ( a )  
Hmodynanic changes, e .? .  , Sdecreass i n  b lood  volume and flow. through the  AVM 
w i t h  decrease i n  s i z e  of the feeder a r t e r i e s  and shunting vesseTs and draini.ng 
veins .  These changes may be best quant i f ied w i t h  PET md/or NMR scans, or ' 

d i g i t 6 1  r z d i o g r a p h y  w h i c h  nay neasurs blood f l o w  changes more accurately.  (b) 
. h z t m ' i c a l  chan$es, e.:. progressive d2creasz i n  the s i z e  of the  AVY un t i l  
t o t a l  3 i  sqmiarance ,  potent i a1 t r ans i en t  or permnent dis t ruSsnczs i n  
rnyelinatisn processes,  leading t o  l eaye l ina t ion ,  and' e a r l y  2nd l a t ?  delayed 
radiat ion-induced i n j u r y  i n  the b r a i n  (Sheline e t  a l . ,  1983). As. y e t ,  no 
d i  s ' tur5ances of myel i n a t  i on processes have been observed i n  any of our pa t i en t s  
t h u s  f2r t r e a t e d  w i t h  s t e r e o t x t i c a l  ly-directed he1 iun-ion bems.  

8. W O W  P A C G G E  T l T U  

Proarm Gozls. Research i n  s t e r e o t a c t i c  heavy charged-par t ic le  
radiosurzery n t r a c r a n i  a1 deeg-seated neurovascular d i sorders  i n  b r a i n  . 
p a t i e n t s  i s  designed: 

(1) To introduce technical  modifications and improvegents o f .  the 
radjosurgi  cal  technique--- i nc 1 u d i  n g  s t e r e o t a c t i c  neuror a d i  of o g i  cal  s tud ie s  f o r  
q u a n t i t a t i n g  r a d i a t i o n  changes in the  brain,  computer-based i n t e r a c t i v e  
t r e a t n e n t  p l a n n i n g ,  and bean de l ivery  --- t o  achieve a s a f e  and r e l i a b l e  
therapeut ic  procedure; 

( 2 )  To evaluate  the long-term r e s u l t s  i n  pa t i en t s  t r e a t e d  w i t h  helium ions 
f o r  A W s  o f  the  b r a i n  and  spinal  cord; 

( 3 )  To develop the method using heavier ions (carbon or neon ions)  a t  the 
BEVALAC for improved biological  and physical e f f e c t s .  The advantages of heavier 
i o n s ,  over hel ium-ions and p r o t o n s ,  include narrow beams w i t h  l e s s  range 
s t r agg l ing  and l e s s  mult iple  s c a t t e r i n g  for  the  same residual  range i n  t i s s u e s ,  

d i s t a l  borders,  and w i t h  g rea te r  sparing of c r i t i c a l  s t r u c t u r e s  i n  adjacent CN' ... ' 

t i s s u e s  i n  the  b r a i n  and  spinal  cord. The carbon-ion beam a lso  provides P 

po ten t i a l  for'  u s i n g  a carbon-11 ion rad ioac t ive  beam which i s  present ly  being ' 
inves t iga ted  fo r  achieving prec ise  loca l i za t ion  of the  s t o p p i n  points of the a 
e t  a l . ,  1981; F a S r i k a n t  e t  a l . ,  1980; Lawrence, 1983; i n  p r e s s ) .  And ( 4 )  t o  

and improved dose-d is t r ibu t ion  i n  the Bragg peak, w i t h  very sharp l a t e r a l  and L 

beam ins ide  the b r a i n  (Tobias,  1983; i n  p ress ;  Tobias e t  a l . ,  4 971; Chat te r jee  0 

r A. p - d * G C  
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20. DFTAJLA7ACHMENTS: 
per fec t  the  methods f o r  s t e r e o t a c t i c  radiosurgery a t  the BEVLLAC f o r  
appl icat ion a t  the  c l i n i c a l  l eve l  a t  fu tu re  medical accelerators  (Alpen, 1983) 

Physics. - -  
Dosimetry of heavy charged - p a r t i c l e s  . .  -- - 
Our present work u t i l i z e s  the helium ion bean which i s  avai lable  from t h e  

134-inch L3L synchrocyclotron. In the near f u t u r e  the A W  radiasurgery project  
w i l l  be m v i n g  t o  the  3E'JALAC. The heavi3r beans avai lable  a t  the E V A L A C  
should ha-ie iTproved dose loca l i za t ion  2nd d i s t r i b u t i o n .  We wil l  i nves t iga t e  
t h e  r e l s t i v e  b i o l o g i : ? I  z f f x t i v e a e s s  of hel iun,  carbon, neon, and s i l i c o n  ion 
b e a n  f x  rzdiosgrgery.  8y zqploying various ions,  dose, end f r ac t iona t ion  
scheres. '42 ho2e t o  f i n d  optimal conditions f o r  charged p a r t i c l e  i r r a d i a t i o n  Of 

-AVXs while p rc t ec t ing  c r i t i c a l  brain t i s s u e s .  !&le plan t o  study t issue response - 
u s i n g  tecnniques such as N;*R and SPECT. 

!.le wi l l  be deve:oping, three-diTensiona1 t r e a t n e n t  planning i n  order t o  
bet te r  c m f i n e  the r a d j a t i m  s o l e l y  t o  t h e  volume b e i n g  t r ea t ed :  Ne plan t o  
incorporate  ?I:\!? ima?inz cf A'iT4 p a t i e n t s  i n t o  our treatment planning method: . 
T h e  ne;v zethods developed wil l  be conpared t o  our present techniques. We hope 
t 3  us$ Y G  i m G i n g  t o  zezsure blood flow i n t o  AY:Is. If these new methods 
s t i l i z i n ;  :;:.:? inzging E?? s; Iccesful ,  " 3  :Jill then have a s3fe ,  noninvssive 
technics? f=r d i  zsncsis, t r e a t z s n t  planning, and follow-up. 

S2ECT. S ? E t T  h i s  heen agplied t o  physiologica: rn2asurements of lot31 
ce r sb ra l  ~ l u c o s e  u t i l i z a t i o n ,  local  cerebral  blood volume, local cerebral  b l m d  
flow ana t o  d?nonstrcte cerebral  i n f a r c t s .  &cause of t h e  des i r ab le  biological 
and  chemical behavior of s e l ec t ed  pos i t ron-es i t t ing  isotopes,  there  is  e3;lphasis 
now on pos i t ron-miss ion  conputed tomography i n  brain research. 'rlinchell e t  . 
a l .  (193G) p r q w &  t h a t  the i n i t i a l  d i s t r i b u t i o n  of IMP 
[N-Isc3ro?yl-p-[' I]IodoaTphetamine m i g h t  be useful f o r  imaging r e l a t i v e  
reqional brain p'rfclsion in nutnans Seczuse f i r s t - p a s s  ex t r ac t ion  e f f i c i e c c y  i n  
r a t  brain was h i g h ,  wasnout was slow, brain-blood r a t i o s  were high and t h e  
physical p rope r t i e s  of 1-123 ( T  = 13 hr, 159-keV photon) were favorable fo r  
scanning. 
high-capacity,  r e l a t i v e l y  nonspecif ic ,  binding s i t e s  f o r  amines. Kuhl e t  a l .  
(1952) demonstrated loca l  cerebral  blood flow mapping i n  humans by SPECT of 
IMP. They demonstrated the va l ida t ion  of a method f o r  q u a n t i t a t i v e  m a p p i n g  of 
loca l  cerebral  blood flow i n  human brain by SPECT, u s i n g  intravenously injected 
IMP cornbined with a modification of a r t e r i a l  i n p u t  sampling. These r e s u l t s  
suggest t h a t  SPECT w i t h  IHP, o r  w i t h  o ther  * i l a r  compounds such as HIPDM 
(N,N,N' -trimethyl -N'-[2-hydro~y-3-methyl-5-[~'? ]iodobenzyl]-1,3-propanedi amine 
has promi se  f o r  d i  agnost ic  s tudy of cerebrovascular d i  sorders .  We plan t o  

a s ses s  the  f e a s i b i l i t y  of evaluat ing regional cerebral  perfusion in  pa t i en t s  
u s i n g  SPECT and  1-123 HIPO;-I (Kung et a l . ,  1953) t o  de t ec t  acute o r  chronic 
blood perfusion changes i n  brain t i s s u e s .  The p a t i e n t s  examined wi l l  be those 
t r e a t e d  w i t h  s t e r e o t a c t i c  heavy charged-part ic le  radiosurgery in t h i s  c l i n i c a l  
research program. Accordingly, our program, i n  co l labora t ion  w i t h  Professor 
Robert Hattner,  Division of Nuclear Yedicine (Department of Radiology), 
University of Cal i forn ia  School of Medicine, San Francisco, wil l  be uslng the  
new SPECT system a t  t h e  Medical School in a l l  our p a t i e n t s  undergoing 

Localization i n  the''&-ain was considered t o  be primari ly  i n  

c,-. . - CJ* , r - -  D [A -.: d )  ; -: 
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Attachment h .  Relat ionship t o  other Pro jec ts :  - -- 

*. 

The fundanental research program i n  -physics and biology applied t o  the 
c l i n i c a l  program i s  (1) DOE Contractor Number 4453/000329, Focal Lesions i n  the 
Central  Nervous Systen -- Yeavy-ion ;4edical Research, Professor J .  1. Fabrikant 
Pr inc ipa l  Invzs t iga t a r .  The c l i n i c a l  and laboratory research i s  a l so  a :  
c o l l  abora t ive  e f f o r t  with the Departnent of Neurological Surgery (2rofessor  Y. 
Ecso~uch?  ) , t h e  De?art.zmt o f  Ra?i ology (Profsssar  3. Norrnan ; Prof e s sa r  T. H. 
Xe:vton, Profzssor Robert Hat tner) .  Additional co l labora t ive  pro jec ts  include 
(1)  Cardiovascular F l o ~  and iqetaboli sin, N I Y / H L  25840, Professor T.F. Budinger, 
Pr inc ipa l  Inves t iga to r ,  ( 2 )  Heavy-ion Radiobiology and Oncology, NIH/NCI/CA - 
151W, Professor C . A .  Tobias, Principal Investigator,  ( 3 )  Treatment of Cancer 
w i t h  Hsavy Charged P a r t i c l e s ,  N I H / N C I / C A  19138, Professor J.R. Castro and 
2rcfzssor  C . A .  Tobias, Principal Co-Investigators;  ( 4 )  Advanced Design . 
Resezrch, Heavy-Ion iE13dical Accelerator,  NIH/CA 30236, Professor E . L .  Alpen, 
Pr inc ipa l  Inves t iga to r ,  ( 5 )  Additional co l l abora t ive  research studies a t  LBL 
include BE'JALAC sea3 Time a n d  Operations,  4405/000742, and ( 6 )  -Evaluation of 
Trea tJen t  P1 a n n i n g  f o r  P a r t i c l e  Beam 2adiotherapy, N C I  agreernent Y01-C!4-20110, 
3.:. Lyman, Pr incipal  Inves t jga tor .  

-. 

Attach2ent i. Envircnxnca l  Assesswnt:  N/,A - 

Attachxent k.' L33 Detail : N/A -- 
At:acnr;int 1 .  EquiDnent 'L i s t  and Gus t i f ica t ion :  -- - 
FY85: 

FY86: 

The Biology and Yedicine Division has a V A X  11/780 
Computer f o r  use i n  th ree  programs; cos t  t o  be 
a1 located equal ly .  For t h i  s project  computer time 
i s  used f o r  advanced image reconstruct  ion necessary 
for  s t e r e o t a c t i c  l oca l i za t ion  and t r ea tnen t  planning 
o f  AVM l e s ions  f o r  charged-part ic le  radiosurgery in 
bra in .  Total :  5300,000; a l located t o  t h i s  
p ro jec t :  5100,000 

VAX 11-780 Computer use al located t o  t h i s  project  
( c f  FY85) SlOO, 000 
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