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* OBJECTIVE: To e s t ab l i sh  s t e r e o t a c t i c  heavy-ion Bragg peak radiosurgery f o r  b r a i n  disorders ,  

including in t racran ia l  arteriovenous malformations (AVMs), as  a nuclear medicine research 
method applied t o  the study of brain disease i n  man,'to examine physical and  biological 
propert ies  of s t e r eo tac t i  cal ly-di rected narrow heavy-ion bezms i n  the CNS, f o r  improving 
methods of dose-del ivery a n d  dose-dis t r ibut ion,  a n d  f o r  es tabl ishing R W L E T  re la t ionships  
f o r  CNS t i s s u e  response. 
a n d  physical e f f e c t s  i n  brain over X- a n d  r-rays;  heavy ions a t  the BEVALAC have advantages 
over helium ions a n d  protons f o r  CNS disorders  i n  man, including l e s s  range s t raggl icg  and 
multiple s ca t t e r ing  f o r  sare residual range i n  t i s sues ,  improved doze-dis t r ibut ion i n  Bragg 

* uctures.  E X P E R I M E N T A L  APPROACH: In te rac t ive  charged-particle treatment planning and i n -  
- .runientaticn/engineering design a1 low del ivery of. narrou heavy-ion beams t o  predetermined, 
? - , - ~ ~ ~ ~ n c i n n ~ l  t a rge t  volumes within b r a i n  or s p i n a l  cord; q u a n t i t a t i v e  W!R and  SPECT imagins 
a t  UCSF. PROGRESS:  Cl inical  research p rogram - over 55 radiosurgical brain pa t ien ts  w i t h  
in t racran ia l  vascular disorders  have been studied a n d  t rea ted  with charged-particle beams. 
Research a c t i v i t i e s  have expanded t o  appl icat ions of N1R a n d  radionuclide SPECT imaging of 
c1:S t i s sues  t rea ted  w i t h  heavy ions. SIGNIFICANCE:  On average, 500,000 people i n  the  United 
S ta tes  have l i fe - threa ten ing  AVMs; the annual r a t e  of rupture is  2-3%, the r a t e  of rebleedin 
i s  62 i n  the f i r s t  yezr a f t e r  henorrhase and X!yr thereaf te r .  
hemorriiage, 20:: with each rebleeding. 
the potent ia l  of  conferring protect ion against  rcbleeding, i n  many cases leading t o  ob1 i t e r a  
t ion of the les ion with m i n i m a l  morbidity and no mortal i ty .  

. modifications a n d  improveinents o f  radiosurgical method to  e s t ab l i sh  the  long-term benef i t  of 
treatment o f  brain with stereotactically-directed narrow besiils of accelerated charged 
pa r t i c l e s ;  quant i ta t ion ,  using NMR arid SPECT, of CNS t i s s u e  injury and r e p a i r  and cerebral  
blood flow a l t e r a t i o n s  following cerebral  heavy-ion i r r ad ia t ion ;  developxent o f  the  method 
of s t e r e o t a c t i c  heavy-ion Bragg peak cerebral i r r ad ia t ion  (carbon and neon)  a t  the BEVALAC. 

R A T I O K A L E :  Narrow beanis of helium ions have superior biological 

~ 

\ - -ak ,  a n d  shai-p l a t e r a l  2 n d  d i s t a l  borders, w i t h  g rea te r  s p a r i n g  of c r i t i c a l  adjacent CNS 
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A t t a c h m e n t  c .  Purpose: - 

N U C L E A R  M E D I C I N E :  STEREOTACTIC HEAVY-ION BRAGG PEAK RADIOSURGERY FOR 
INTRACRANIAL VASCULAR DISORDERS OF THE BRAIN 

T h i s  nuclear medicine inves t iga t ive  program ,provides t h e  radidsurg':al 
research support for appl icat ion of s t e reo tac t i ca l ly -d i r ec t ed  narrow heavy 
charged p a r t i c l e  b e m s  f o r  the  invest igat ion and treatment o f  pa t i en t s  w i t h  
in t racran ia l  vascular d i sorders ,  including deep arteriovenous malformations 
(AVMs)  in the brain and spinal cord.  Research i s  directed t o :  

(1). T h e  inves t iga t ion  of the  physical and biological proper t ies  o f  t h e  
helium-ion beam (184-inch Synchrocyclotron) and heavier (e.g. ,  C ,  Ne) beans 
(BEVALAC) appropriate for  producing narrow focal les ions  in the  central  nervous 
system, including improved dose-dis t r ibut ion and dose-delivery w i t h i n  the  brain 
a n d  w i t h  r a p i d  r a t e  of energy lo s s  without daqage t o  adjacent c r i t i c a l  CNS 
s t ruc tu res  and neuroanatomica l  s i t e s .  

(2) To decrease or e l iminate  the  th rea t  o f  in t racran ia l  hemorrhage and 
progressive neurological d e f i c i t  i n  persons w i t h  inoperable or inaccess ib le  
AVMs, using a sa fe ,  noninvasive heavy charged p a r t i c l e  rad ia t ion  procedure. 

( 3 )  To u t i l i z e  current  i nves t iga t ive  nuclear medicine methods ( including 
, . ~ . i  S?ECT) t o  evaluate  the CNS t i s s u e  response and a l te red  cerebral  blood 

f l o w  dynaTics i n  perscns undergoing heavy charged p a r t i c l e  s t e r e o t a c t i c  . 
radiosurgery . 
,.,,* 

\ 

Attachment d .  B a c k o r o u n d :  

Intracrani  a1 arteriovenous malformations (AVMs) have been the objec t  of 
invest igat ion f o r  over a century (.Kunc, 1978; Nystrhn, 1978). Eowever, deep 
intracrani a1 arteriovenous mal  formations, including caro t id  artery-cavernous 
s inus f i s t u l a s  ( C C F s ) ,  have not  been reported on or t rea ted  unt i l  the 1as.t. two 
decades, primarily because of their  . var iab le  sjmptorns, changeable 
pathoanatomical re1 ationshi ps, 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 
( K u n c ,  1978). Recent advances in neurodi agnostic and microsurgical techniques 
have made d i r e c t  neurosurgical treatment o f  some in t racran i  a1 AVlls safer  and 
more successful .  Surgical treatment o f  AVMs inv'olves t o t a l  excis ion,  where 
possible,  o r  combined w i t h  l i q a t i o n  or intravascular  occlusion o f  f eed ing  

. 

- 
f 

I . a r t e r i e s  a n d  s h u n t i n g  vessel s (Kunc, 1978; Leksell ,  1971) .  For deep-seated 
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The incidence r a t e  o f  known inoperable deep AVMs approaches one case per 
100,000 a n n u a l l y  for the whole population (Nystrbm, 1978). A f a i r l y  large 
number o f  deep AVMs escape diagnosis based on autopsy se r i e s ;  therefore the 
actual incidence r a t e  m i g h t  be twice as large.  Inoperable deep AVMs comprise 
about 25% of a l l  int racranial  AVMs. In children, deep AVMs can comprise IS 
much as 1% of neuropediatric hospital admissions. Deep AVMs appear most 
frequent ly  i n  males; about 75% of p a t i e n t s  w i t h  deep AVMs develop symptoms. 
before 40 years of age. Mortality for a l l  AVMs approaches 15%; i t  is much' .. 
higher,  perhaps approaching 25%, for deep AVMs owing t o  the  more dangerous 
s i t e s  and the higher frequency of bleeding from some deep AVMs. Morbidity, 
including hemorrhage, neurologic d i s a b i l i t y ,  paresis,  ataxia,  brain Stern 
dysfunction, coma and seizures ,  i s  often severe since deep AVMs are almost 
always located close t o  important brain s t ruc tures .  
25% of pa t ien ts ;  the incidence of severely neurologically disabled patients 
+proaches 20%, although morbidity, as such, including severe in t rac tab le  
headaches, i s  very much higher (Kunc, 1978; Nystrllm, 1978). 

ionizing r a d i a t i o n  leading t o  thrombosis and hemostasis (Rubin  and Casarett ,  
1968; F a b r i k a n t ,  1 9 7 2 ) .  A mechanism i s  postulated involving three sequential  
f ac to r s :  (1) vascular injury,  ( 2 )  deviation o f  blood flow from the normal blood 
flow pat tern,  and ( 3 )  increased p l a t e l e t  ac t iv i ty ,  increased act ivat ion of 
coagulation, decreased f i b r i n o l y t i c  ac t iv i ty ,  leading t o  thrombosis and 
hemostasis. I t  appears t h a t  the small abnormal feeding or s h u n t i n g  vessels of 
an AVM possess hemodynamic flow conditions that  d i f fe r  from flow i n  normal 
vessels .  These small s h u n t i n g  vessels are i r radiated w i t h  t h e  intent  i n i t i a t e  
thrombosis and hemostasis i n  the  AVM w i t h  eventual complete obl i te ra t ion .  

Hemorrhage occurs i n  up t o  

A general'concept i n  radiobiology is t h a t  blood vessels may be i n j u r e d  by . 

7. T A S K  TnLE i Heavy Ion Radiosurgery 

Attachment e. Approach: - 

8. WORK PACUGE T m E  

Charged-Particle Beams. A s t e r eo tac t i c  rad.iosurgery beamline f o r  the 
23O-KeV/u he1 iurn i on  beam a t  the 184-inch Synchrocyclotron has been developed 
(Lyman e t  a l . ,  i n  press) .  T h i s  modified beam has a 14.7 cm range i n  water t o  
t h e  Bragg peak, w i t h  sharply delimited l a t e r a l  and d is ta l  borders. The 
pract ical  l imi t s  on beam diameter range from 0.6 cm t o  4.0 cm. The unmodulated 
Bragg peak maximum dose is greater  than 3 times the entrance dose and the wid th  
o f  the peak a t  80% of t he  maximum is 0.7 cm. The range of the helium-ion beam 
can be modulated by a ro ta t tng  acry l ic  variable thickness absorber t o  increase 
the  w i d t h  of the h i g h  dose region fo r  t h i s  ap l i ca t ion  t o  as much as 4.0 cm. 

\ 
I 

The physical properties of th i s  beam are simi P a r  t o  those of the proton beams 
- ZC.Q IObb949 
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20. D n x l L  A n A M  M E N 7 5  
t h a t  have been available for  s t e reo tac t i c  radiosurgery a t  the  Harvard Cyclotron 
Laboratory (Koehler e t  a l . ,  1974; Kjellberg, 1977; Kjellberg et a l . ,  1978, 
1983) and a t  the  Gustaf Werner I n s t i t u t e  a t  the University of Uppsala (Larsson, 
1980, Larsson and Sarby, 1974) .  The maximum range o f  t h e  230-MeV/u helium-ion 
beam is  greater t h a n - - t h a t  of these proton beams; therefore ,  more energy 
degradation is  necessary t o  obtain the same residual range. Since the  nuclear 
charge and mass of helium is  larger  fh-hn the  proton, the multiple s ca t t e r ing  
and the range s t raggl ing can be l e s s  for the same residual range i n  tissues. 

4455-000332 

This he1 ium-ion beam has proven su i tab le  for  neuroscience research. t o  
induce focal lesions i n  the central  nervous system (Fabrikant et a l . ,  1980). 
I t  provides good dose-localization and dose-distribution for  StereOtaCtjC 
helium-ion radiosurgery i n  a l l  pat ients  w i t h  AVMs, including CCFs, t h u s  f a r  
t r ea t ed .  Studies are i n  progress to  develop beam cha rac t e r i s t i c s  of heavier 
'ions, such as carbon ions w i t h  small uniform transverse p ro f i l e  and modified 
Bragg peak for  improved dose-distribution a t  the BEVALAC. These heavier-ion 
beams have physical cha rac t e r i s t i c s  w i t h  unique advantageas for application t o  
s t e reo tac t i c  e r a g g  peak radiosurgery o f  the  central  nervous system (Budinger e t  
a l . ,  1977,  F a b r i k a n t  e t  a l . ,  1980). 

Considerable study has ,gone 
i n t o  t h e d e v e  4- opment of a s t e r eo tac t i c  system for  delivery of heavy . 
charged-particle beams t o  in t racran ia l  AVMs (Lyman, 1983; Lyman and Chong, 
1974; Zyman and Howard, 1977; Lyman e t  a l . ,  1971, 1973, 1979, 1980, i n  press; 
Tobias et  a l . ,  1952; Chen e t  a l . ,  1979; Budinger e t  a l . ,  1977; Fabrikant et 
a l . ,  1980, 1983, i n  p ress ) .  The present procedure begins w i t h  the fabr ica t ion  
of a vacuum-formed polystyrene head-holder fo r  i n o b i  l i za t ion  of the. pa t ien t .  A 
s t e reo tac t i c  frame (Leksell ,  1971; Lyman et a l . ,  i n  preparation) i s  attached to  
the  head-imobi l i z a t i o n  mask, and adapted t o  cerebral angiographic and X-ray CT 
equipment and  t o  the patient-posit ioner a t  the 184-inch Synchrocyclotron. 
S te reo tac t ic  cerebral angiography and CT brain scans are performed. The data  
are  t ransferred t o  a VAX 11/780 computer system i n  our laboratory fo r  
i n t e rac t ive  'charged-particle treatment planning and provide the  basis f o r  

. treatment planning (Lyman e t  a l . ,  i n  preparation).  Entry'  angles and beam por t s  
are  chosen to  confine the high-dose Bragg peak region t o  the def ined . ta rge t  
volume while carefu l ly  protecting adjacent normal brain s t ructures .  Treatment 
planning programs use the CT data on a pixel-by-pixel basis t o  ( a )  design 
and/or select  a collimator fo r  each entry p o r t a l ,  (b) se lec t  the appropriate 
spread Bragg peak for he1 ium-ion radiat ion,  ( c )  se lec t  the appropriate residual 
range for each beam entry,  ( d )  design appropriate compensators t o  contour the 
s t o p p i n g  region of the helium-ion beams, and (e)  generate i soef fec t  and 
physical dose-distributions overlayed on the  CT image (Lyman et a l . ,  i n  
preparation).  

Heavy C h a r  ed Part ic le-  Treatment Planning. . .  . 

7.70JKTKLf 
Heavy Ion Radiosurgery f 

Patient Treatment. Treatment w i t h  helium-ion beam is based- on the 
i n d i v m c o m p u t e r i z e d  dose-distributions calculated from CT scans and 

. cerebral  angiograms (Lyman e t  a l . ,  i n  press; Fabrikant e t  al..* 1983; i n  press). 
The pa t i en t ' s  head is secured t o  the ISAH system ( I r rad ia t ion  S tereo tac t ic  
Appara tus  fo r  Humans) at  the 184-inch' Synchrocyclotron by the polystyrene - 
head-imnobilizer (Lyman e t  a l . ,  i n  press; Lyman and Chong, 1974; Tobias 1980; ' 

Lawrence, 1983; i n  press) .  Necessary minor corrections of the X ,  Y and 2 
coordinates are made d u r i n  a f i n a l  a l i  nment period r i o r  t o  therapy. 

volumes of up  t o  25 cm ; the smallest volumes t reated w i t h  the unmodified Bragg 
. Presently,  t o t a l  dose% of 48 Gy equivalent (GyE) are de B ivered t o  treatment 

r.-- -1 - &cJ; 

8. WORK PACUCE T m E  
L. 

I O b b 9 5 0  



f" 

,-,, ynn,---.---- - - -  . _. ..- . . . .-_ _. ._. . . ._.  
0 

- . -- . . . . - - - . - - - 
4 4 5 5-00033 2 

3 29. D €TAIL AlTACH M E NTS : 
peak are abou t  0.12 cm 
i n  the  range o f  1.5 cm t o  5 cm . Treatment occurs through 1 t o  6 entry 
por ta l s ,  delivered dai ly  for 1 t o  3 days, depending on the treatment volume, 
and the volume of normal b r a i n  t i s sue  traversed by the beam. 
per p o r t a l  range from--l t o  4 minutes (Lyman e t  a l . ,  i n  press].  
c r i t i c a l  normal b r a i n  s t ruc tures  innediately surrounding the .AVM i S  
considerably less  t h a n  45 GyE. For a--single beam; f a l l -o f f  t o  10% of the 
maximum central  dose occurs w i t h i n  4-6 mn and Is much sharper ( w f t h i n  2-3 m) 
along the l a t e ra l  margins of t h e  helium-ion beam (Lyman e t  a l , ,  i n  press). 
central  AVM dose, the aperture s i ze ,  the number of ports, the beam direction, 
and the spread Bragg peak a l l  determine the isodose contours. 

At t achmen t  f .  Technical Proaress: 

and t h e  fiverage vo'lumes t reated f o r  most patients are 

I r radiat ion times 
The dose t o  the .- 

The 

f 
\. 

In  l a t e  1980, our f i r s t  patient w i t h  an inoperable deep Intracranial  AVM 
was t reated w i t h  s te reo tac t ic  heavy charged-particle radiosurgery us ing  
230-MeV/u he1 i urn ions a t  the 184-inch Synchrocyclotron a t  Lawrence Berkeley 
Laboratory (Fabrikant e t  a l . ,  1980). Since then, 55 pat ients  w i t h  deep 
intracrani  a1 vascglar disorders have been t rez ted ,  and a d d i t i o n a l  pat ients  are 
presently p l a n n e d .  

Cerebral a n g i o g r a p h y  and CT b r a i n  scanning are carried out prior t o  * 

s t e reo tac t i c  radiosurgery and a t  selected in te rva ls  following radiosurgery. 
Extended fo l low-up  t o  36 months i s  done on a regular basis,  and 48 t o  60 months 
i s  planned for  each patient as necessary. 

. . .  

Clin'ical objectives are t o  achieve changes i n  t h e  intracerebral  
hem.odvnanic c o n d i t i o n  resul t ing i n  a decrease i n  (1) frequency of hemorrhages, 
(2) i n  neuroloaical def ic iencies ,  (3)  subjective complaints including 
headaches, or  (4) i n  frequency of seizures .  I n i t i a l  observations i n  a l l  55 
pat ien ts  thus f a r  t reated i n d i c a t e  tha t  these objectives are being achieved. 
There have been, no neurologic complications of r a d i a t i o n  damage t o  the normal 
b r a i n  t i s sue ;  thus f a r ,  no evidence of b r a i n  i n j u r y  or progressive or f ixed  
neurological def ic iencies  have  occurred as a resu l t  of the s t e reo tac t i c  
radiosurgical procsdure.  

R a d i a t i o n  treatment objectives are t o  achieve hemodynamic changes, e.g., 
decrease i n  blocd flow through the AVM w i t h  decrease i n  the  size of the AVM 
u n t i l  t o t a l  disappearance. I t  has been observed bo th  by the Karolinska group 
(Backlund, 1980; Steiner,  personal comnunication) and the Harvard group 
(Kjel lberg, personal communication) t h a t  hemodynamic changes occur 
progressively and are usually present before morphological vascular 
a l t e r a t ions .  Since i t  may require up t o  12  t o  18 months  before i n i t i a l  changes 
are  observed and  may n o t  be completed i n  some instances before 24 months, and 
s ince most pat ients  i n  our c l in i ca l  research study have been t reated w i t h i n  the 
past 18 months, i t  is n o t  possible t o  provide observations on long-term 
follow-up a t  t h i s  time. However, i n  7 pat ien ts ,  s ign i f icant  decrease in size  
of and the r a t e  of blood flow through the t reated AVM has already occurred. In 
one patient w i t h  a CCF, the f i s t u l a  was completely obl i terated a t  3 mnths, and 
her pulsating exophthalmos, headache, and visual disturbances are completely . 
re1 ieved. 
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20. OETALATTACHMENTS: 
Attachment Future Accomplishments: -- 

7.  T&K T i T U  

Heavy Ion Radiosurgery 

Patient E v a l u a t i o n  and  Follow-up. D u r i n g  the next four years, studies or 
t r e a t e d b b t a i n  p a t i e n i w i l l  emphasize the r e su l t s  of s t e r eo tac t i c  heavy 
charged-particle radicfsurgery w i t h  time. 

(1) Neurological condition. Patients-most frequently present w i t h  one or 
more of the following c l in i ca l  features:  hemorrhage, seizure,  headache, 
neuro logica l  d e f i c i t s ,  and mental de f i c i t s .  The extent t o  which the changes 
the hemodynamic c o n d i t i o n  f o l l o w i n g  treatment of the AVM may result i n  decrease 
of neurological def  i c i  m c i  es ,  subjective complaints, frequency- of sei zuyes, 
e t c . ,  w i  11 be evaluated. 

-. . .  

8 .  WORK PACKAGE TITLE 

( 2 )  Rad io log ica l  s tudies .  Cerebral angiography, X-ray CT scanning and 
'cer ta in  speci a1 invest igat ive studies (e.g., positron emission tomography (PET) 
and/or  single p h o t o n  emission computed tomography (SPECT) scann ing  and nuclear 
magnetic resonance ( N M R )  scanning) are being carried o u t  or planned for a11 
pat ients  pr ior  t o  s t e r eo tac t i c  radiosurgery, and a t  in tervals  following 
treatment. The f o l l o w i n g  changes, i f  present, will be quantified.  ( a )  
Hemodynamic changes, e .g . ,  odecrease i n  blood volume and f l ow  t h rough  the AVM 
w i t h  decrease i n  s ize  of the feeder arteries and s h u n t i n g  vessel's and draInI,ng 
veins. These changes may be best quantified w i t h  PET and/or NMR scans, or ' 

d i g i t a l  radiography w h i c h  may measure blood f l o w  changes m r e  accurately. (b) 
Anatomica l  changes, e . g .  progressive decrease i n  the s i t e  of the AVY unt i l  
t o t a l  diszppezrance, p o t e n t i  a1 t rans ien t  or pwnanent distrubances i n  
myelination processes, l e a d i n g  t o  demyelination, and ear ly  and l a t e  delayed 
radiation-induced i n j u r y  i n  the b r a i n  (Sheline e t  a l . ,  1980). As. ye t ,  no 
disturbances of m y e l i n a t i o n  processes have been observed i n  any of our pat ients  
thus fa r  t r e a t e d  w i t h  stereotactically-directed helium-ion beams. 

Program Goals. Research i n  s t e r eo tac t i c  heavy charged-particle ' 

radiosurgery f o r t r a c r a n i  a1 deeD-seated neurovascular disorders in brain . 
pat ien ts  i s  designed: 

(1) To introduce technical modifications and improveaents of - the 
radiosurgi cal techni  que---incl udi  ng s te reo tac t ic  neuror a d i  o l  og ica l  s tudies  f o r  
q u a n t i t a t i n g  radiation changes i n  the brain,  computer-based in te rac t ive  
treatment p l a n n i n g ,  and beam delivery --- t o  achieve a .safe and r e l i ab le  
therapeutic procedure; . 

( 2 )  To evaluate the long-term re su l t s  i n  pat ients  t reated w i t h  helium ions 
fo r  AVMs of the brain and spinal cord; 

( 3 )  To develop the method u s i n g  heavier ions (carbon or neon Ions)  a t  the 
3EVALAC f o r  improved biolog'ical and physical e f f ec t s .  The advan tages  of heavier 
ions,  over helium-ions and protons,  include narrow beams w i t h  less range 
straggl ing and l e s s  multiple sca t te r ing  f o r  the same residual range i n  t i ssues ,  
and improved dose-distribution i n  the Bragg peak, w i t h  very sharp l a t e ra l  and 
d i s t a l  borders, and w i t h  greater  spa r ing  , o f  c r i t i c a l  s t ruc tures  i n  adjacent CN' 
t i s sues  i n  the b r a i n  and spinal cord. The carbon-ion beam also provides 
potential  f o r  using a carbon-11 ion radioactive beam which is  presently being 
investigated for achievin precise local izat ion of the stoppin p o i n t s  o f  the 

et a l . ,  1981; Fabrikant e t  a l . ,  1980; Lawrence, 1983; i n  press) .  And  ( 4 )  t o  
beam inside the brain (To !I i a s ,  1983; i n  press; Tobias e t  a l . ,  f971; Chatterjee 

e- 7. - CJ'dL, 
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20. DnUA77ACHMENTS: 
perfect the methods for  s te reo tac t ic  radiosurgery a t  the BEVALAC for 
application a t  the  c l in i ca l  level a t  future  medical accelerators (Alpen, 1983)- 

7.TASKTITLE 
Heavy Ion Radiosurgery . 

Physics . 
-I 

8. WORK PACKAGE TlfLE 

Dos i met r y  of heavy charged -part i c 1 es -- - -- . .  
Our present work u t i l i z e s  the helium ion beam.which is  available from the  

184-inch L B t  synchrocyclotron. In the near future the  AVM radiosurgery project 
will be moving  t o  t h e  BEYALAC. The heavier beams available a t  the BEVALAC 
should have inproved dose local izat ion and d i s t r ibu t ion .  We will invest igate  
the  r e l a t ive  biological effect iveaess  of helium, carbon, neon, and si l icon ion 
beams for  radiosurgery. By employing various ions, dose, and f ract ionat ion 
schemes we hope t o  f i n d  optimal conditions for  charged pa r t i c l e  i r radiat ion Of 
'AVMs while protecting c r i t i c a l  brain t i s sues .  We plan t o  study tissue response 
u s i n g  techniques such as NMR and SPECT. 

Treatment p l  a n n i n p  

We w i l l  be developing .three-dimensional treatment p l a n n i n g  i n  order t o  
be t t e r  confine the radiation solely t o  the volume being treated: We plan t o  
incorporate NblR i m a g i n g  of AVM pat ients  in to  our treatment p l a n n i n g  method: . 
The new methods developed will be compared t o  our present techniques. We hope 
t o  use NHR imaging t o  measure blood flow in to  AVMs. If these new methods 
u t i l i z i n g  N X  inaging are succesful, we will then have a safe ,  noninvasive 
technique f w  diagnosis, treatment planning, and follow-up. 

SPECT has  been applied t o  physiological measurements 'of local 
ce reo ra lg lucose  u t i  1 i z a t i o n ,  local cerebral blood volume, local cerebral blood 
f l o w  and t o  demonstrate cerebral i n fa rc t s .  Because of the desirable biological 
and chemical behavior of selected positron-enitt ing isotopes, there is emphasis 
now on positron-enission computed tomography i n  b r a i n  research. Winchell e t  . 
a l .  (1980) prqpp3ed t h a t  the  i n i t i a l  d i s t r ibu t ion  of IMP 
[N-Isopropyl-p-[ I]Iodoamphetamine might  be useful fo r  i m a g i n g  r e l a t i v e  
regional b r a i n  perfusion i n  humans because f i r s t -pas s  extraction eff ic iency i n  
r a t  b r a i n  was h i g h ,  washout was slow, brain-blood r a t i o s  were h i g h  and the 
physical properties of 1-123 ( T  = 13 hr, 159-keV photon) were favorable fo r  
scanning. 
high-capacity, r e l a t ive ly  nonspecific, b i n d i n g  s i t e s  f o r  amines. Kuh l  et  a l .  
(1982) demonstrated local cerebral blood flow mapping i n  humans by SPECT of 
IMP. They demonstrated the validation of a method for  quant i ta t ive  mapping of 
local cerebral blood flow i n  human brain by SPECT, using intravenously injected 
IMP combined w i t h  a modification of a r t e r i a l  i n p u t  sampling. These results 
suggest t ha t  SPECT w i t h  IMP, or w i t h  other l$pilar compounds such as HIPDM 
(N,N, N '  -trimethyl -N' -[ 2-hydroxy-3-methyl-5-[ I]i odobenzyl]-1,3-propanedi amine 

We plan t o  
assess the f e a s i b i l i t y  of evaluating regional cerebral perfusion i n  pa t ien ts  
u s i n g -  SPECT and 1-123 HIPDW (Kung et .al., 1983) t o  detect  acute or chronic 
blood perfusion changes i n  b r a i n  tissues. The pat ients  examined will be those 
t rea ted  w i t h  s t e r eo tac t i c  heavy charged-particle radiosurgery i n  this c l in i ca l  . 
research program. Accordingly, our program, i n  collaboration w i t h  Professor 
Robert Hattner, Division of  Nuclear Medicine (Department of Radiology), 
Universit of California School of Medicine, San Francisco, will be u s l n g  the 
new SPEC? system a t  the Medical School i n  a l l  our patients undergoing 

SPECT. 

Localization i n  thel 'gain was considered t o  be primarily i n  

has promise f o r  di  agnostic study of cerebrovascul a r  disorders.  

r t-. 2 - L9d- 
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Attachment h.  Relationship -- t o  other Projects: - 
The fundamental research program ‘in =phys: 

c l in i ca l  program is (1) WE Contractor Number 1 
Central Nervous System -- Heavy-ion Medical Res 
Principal Investigator.  The c l in i ca l  and la1 
col laborat ive e f f o r t  w i t h  the Department of Ne! 
Hosobuchi), the Departnent of Raiiology (Profe 
Newton, Professor Robert Hattner). Additional 
( 1 )  Cardiovascular Flow and Metabolism, NIH/HL - Principal Investigator,  ( 2 )  Heavy-ion Radiobio 
15184, Professor C.A. Tobias, Pr incipal  Investi 
w i t h  Heavy Charged Pa r t i c l e s ,  NIH/NCI/CA 1913r 
Professor C.A.  Tobias,  Principal Co-Investigi 
Research, Heavy-Ion Medical Accelerator, NIH/C/ 
Principal Investigator,  (5)  Additional collabor 
include BEVALAC 6eam Time a n d  Operations, 4405, 
Treatment P l a n n i n g  for Pa r t i c l e  Beam Radiothera 
3.T. Lyman, Principal 1nvest.igator. . 
A t t a c h m e n t  i. Environmental Assessment: N/A - 
Attachment j. Explanation of Milestones: N/A - - 

Attachment k.’ LBB Detail : N/A -- 
Attachment 1.  Equipment List and Jus t i f i ca t ion :  - -- 
FY85: The Biology-and Hedicine Divisi.on has a VI  

Computer for  use i n  three programs; cost t 
allocated equally. For t h i s  project cornpL 
i s  used for  advanced image reconstruction 
fo r  s t e reo tac t i c  local izat ion and treatmen 
of AVM lesions fo r  charged-particle radios 
brain. Total: $300,000; allocated t o  t h i s  
project : 

- 

FY86: VAX 11-780 Computer use allocated t o  t h i s  
(cf FY85) 
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