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Mca..:urclncnt o f  Blood Flow Ra tes  i n  Tumors 

I. INTRODUCTTOX 

A k n o ~ , ~ l e d g c  of t h e  b l o o d  f low r a t e s  i n  tumors and of  t h e  e f f e c t s  of  

v a r i o u s  pha rmaco log ica l  and  p h y s i o l o g i c a l  f a c t o r s  on t h e s e  f low r a t e s  has  

p o t e n t i a l  a p p l i c a t i o n s  i n  many a s p e c t s  of t h e  d i a g n o s i s  and t r e a t m e n t  of 

tumors .  I n  p a r t i c u l a r ,  t h e  d e t e c t a b i l i t y  of tumors by r a d i o i s o t o p i c  methods 

i s  i n  p a r t  de t e rmined  by  t h e  d i f f e r e n c e s  i n  b lood  f low ra tes  f o r  t h e  tumors 

and t h o s e  € o r  a d j a c e n t  normal t i s s u e s .  I n  t h e r a p y ,  t h e  b lood  f low a f f e c t s  

t h e  oxygena t ion  of tumors ,  which i n  t u r n  a f f e c t s  t h e i r  r e l a t i v e  s e n s i t i v i t y  

t o  r a d i a t i o n  t h e r a p y .  _ .  (With low LET r a d i a t i o n s ,  s u c h  as x - r a y s  and  6oCo 

gamma r a y s ,  a r e d u c t i o n  of  oxygen t e n s i o n  t e n d s  t o  reduce  t h e  s e n s i t i v i t y  

of t i s s u e s  t o  t h e  r a d i a t i o n ,  whereas  a n  i n c r e a s e d  oxygen t e n s i o n  i n c r e a s e s  

t h e  s e n s i t i v i t y  t o  r a d i a t i o n . )  S i m i l a r l y ,  t h e  e f f e c t i v e n e s s  o f  chemotherapy 

may be  i n f l u e n c e d  by b lood  f low r a t e s  because  c r i t i c a l  c o n c e n t r a t i o n s  of  

t h e  a c t i v e  a g e n t s  canno t  b e  a t t a i n e d  and s u s t a i n e d  w i t h o u t  a d e q u a t e  d e l i v e r y  

r a t e s  of  these a g e n t s  t o  t h e  s i t e s  of  a c t i o n .  

Impor t an t  a s  t h e  blood f l o w  r a t e s  of tumors may b e ,  a s u r v e y  of t h e  

l i t e r a t u r e  r e v e a l s  t h a t  t h i s  s u b j e c t  has  r e c e i v e d  less a t t e n t i o n  t h a n  may 

be  e x p e c t e d .  A s  w i l l  be brough t  o u t  i n  t h e  f o l l o w i n g  e x p o s i t i o n ,  t h e r e  

a r e  many f a c t o r s  which have s e r v e d  t o  d i s c o u r a g e  a t t e m p t s  t o  o b t a i n  t h e  

d e s i r e d  d a t a ,  i n c l u d i n g  i n h e r e n t  d i f f i c u l t i e s  and  t h e  c o s t  of  t h e  r e q u i r e d  

equipment .  I t  i s  p roposed ,  however ,  t h a t  s t u d i e s  be  unde r t aken  t o  deve lop  

t h e  n e c e s s a r y  t e c h n i q u e s  and t o  b e g i n  t o  o b t a i n  t h e  d e s i r e d  d a t a .  

11, PROPOSED STUDIES ( g e n e r a l  a ims)  

I t  i s  proposed t h a t  s t u d i e s  be  i n i t i a t e d  w i t h  t h e  f o l l o w i n g  o b j e c t i v e s :  

( 1 )  To d e t e r m i n e  t h e  f e a s i b i l i t y  o f  making q u a n t i t a t i v e  measurements 

of  b lood  f low r a t e s  i n  tumors i n  human p a t i e n t s .  

I n  t h i s  phase  of  tlie s t u d y  measurements w i l l  a c t u a l l y  be made 
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l a r g e l y  on a n i m a l s  a n d  I)l’antoms, b u t  u s i n g  methods which would be a c c e p t a b l e  

f o r  u s e  w i t h  human p a t i e n t s .  

e s t a b l i s h i n g  t h e  a c c u r a c y  and  p r e c i s i o n  of i n d i r e c t  methods th rough  

Animal and phantom s t u d i e s  a r e  n e c e s s a r y  f o r  

compar ison  w i t h  t h e  rc:r:! t s  o f  d i r e c t  methods.  

( 2 )  I f  t h e  above s t u d i e s  a f f i r n  t h e  f e a s i b i l i t y ,  t o  p roceed  w i t h  

o b t a i n i n g  such  measurements i n  a v a r i e t y  o f  t y p e s  and  l o c a t i o n s  of  tumors 

i n  human p a t i e n t s .  

It i s  expec ted  t h a t  t h i s  phase  of  t h e  s t u d i e s  would i n v o l v e  hav ing  

p a t i e n t s  unde r  s t u d y  o r  t r e a t m e n t  a t  o t h e r  i n s t i t u t i o n s  i n  t h e  area r e f e r r e d  

f o r  one o r  more r e l a t i v e l y  s h o r t  admiss ions  t o  t h e  BNL H o s p i t a l  f o r  t h e  

proposed  s t u d i e s .  
.- - 

The s t u d i e s  conducted  a t  BhT would be r e s t r i c t e d  t o  

o b t a i n i n g  t h e  n e c e s s a r y  documenta t ion  r e g a r d i n g  t h e  t y p e  and  l o c a t i o n  o f  

t h e  tumor ( s )  and  t o  a p p l y i n g  t h e  i n d i c a t e d  d i a g n o s t i c  a n d / o r  r e s e a r c h  

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

chemotherapy would n o t  be  unde r t aken  under  t h i s  p r o p o s a l .  

(3)  To d e v e l o p  a d d i t i o n a l  i n s t r u m e n t a t i o n  o r  m o d i f i c a t i o n s  of e x i s t i n g  

equipment  as  may be  n e c e s s a r y  t o  a c h i e v e  t h e  f i r s t  two o b j e c t i v e s .  This 

phase  w i l l  a l s o  r e q u i r e  some t h e o r e t i c a l  c o n s i d e r a t i o n s  f o r  i n t e r p r e t a t i o n  

of t h e  d a t a  and  f o r  o p t i m i z i n g  t h e  equipment unde r  deve lopment .  

111, L I T E R A T U R E  ON REGIONAL BLOOD FLOW MEASUREMENTS 

The p h y s i o l o g i c a l  l i t e r a t u r e  on r e g i o n a l  b lood  f low p r i o r  t o  1965 

i s  t h o r o u g h l y  rev iewed from a number of  d i f f e r e n t  v i ew p o i n t s  i n  s e v e r a l  

c h a p t e r s  of s e c t i o n  2 :  C i r c u l a t i o n ,  of  t h e  Handbook of  Phys io logy  (1).  

L a t e r  r ev iews  by G r e e n f i e l d  ( 2 ) ,  Spencer  ( 3 ) ,  Rovick and  Randa l l  ( 4 )  

Sonnenschein  a n d  White ( 5 ) ,  and  R o s s  (6 )  p r o v i d e  s c o r e s  of r e f e r e n c e s  
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t o  s t u d i c s  of  b l o o d  f l o w  r a t e s  i n  v a r i o u s  o rgans  and t i s s u e s .  

o rgans  which have  rcceilJ.led most i n t e n s i v e  a t t e n t i o n  i n  b l o o d  f l o w  s t u d i e s  

a r e  t h e  b r a i n ,  t h e  l i v c r ,  t h e  h e a r t ,  t h e  l u n g s ,  t h e  k i d n e y s ,  bone,  

t h e  hand a n d  arm,  t h e  s ~ o m a c h ,  m u s c l e ,  t h e  i n t e s t i n e ,  t h e  p a n c r e a s ,  and 

t h e  s p l e e n .  

Among the  

At t empt s  h a v e  a l s o  been  made t o  measure b l o o d  f low r a t e s  i n  

g l a n d s  and o t h e r  smaller s t r u c t u r e s  w i t h  v a r y i n g  d e g r e e s  of  s u c c e s s .  

I n  g e n e r a l  , t h e  p h y s i o l o g i c a l  l i t e r a t u r e  c i t e d  is  concerned  wi th  

measurements o f  b lood  f low r a t e s  i n  normal  o rgans  of t h e  body o r  t hose  

w i t h  c i r c u l a t o r y  d e f e c t s ,  and n o t  w i t h  b l o o d  f low r a t e s  i n  tumors .  I t  

d o e s ,  however ,  p r o v i d e  i n f o r m a t i o n  on a wide r ange  o f  methods,  some of 

which may be b rough t  t o  b e a r  on t h e  l a t t e r  problems.  
_- - 

The f i r s t  a r t i c l e  p r i m a r i l y  concerned  w i t h  a b s o l u t e  d e t e r m i n a t i o n s  

of t h e  b lood  f low t o  tumors appears t o  have  been  t h a t  p u b l i s h e d  by G u l l i n o  

and Grantham ( 7 ) .  These a u t h o r s  used  a d i r e c t  method, i n v o l v i n g  c o l l e c t i n g  

venous b lood  from t r a n s p l a n t e d ,  t i s s u e - i s o l a t e d  tumors ,  and a n  i n d i r e c t  

method based  on t h e  up take  o f  42K C 1  o r  86Rb C 1  i n  t h e  tumors o f  an ima l s  

k i l l e d  a t  v a r i o u s  times a f t e r  i n j e c t i o n  of  t h e  t racer  i n t o  t h e  f emora l  v e i n .  

They found t h a t  t r a n s p l a n t e d  tumors  i n  t h e  s p e c i e s  s t u d i e d  t e n d e d  t o  have 

lower  b lood  f l o w  ra tes  t h a n  d i d  t h e  t i s s u e s  of o r i g i n .  These f i n d i n g s  were 

s u p p o r t e d  by  C a t a l a n d  e t  a l .  (8 ) ,  who a l s o  found a n  i n v e r s e  r e l a t i o n s h i p  

between tumor s i z e  and tumor b l o o d  f l o w  ra tes  e x p r e s s e d  as  p e r c e n t  o f  

c a r d i a c  o u t p u t  per  gram. It was c l e a r l y  r ecogn ized  t h a t  t h e  r e s u l t s  

o b t a i n e d  w i t h  t r a n s p l a n t e d  tumors do n o t  n e c e s s a r i l y  a p p l y  t o  t u m o r s  of 

spon taneous  o r i g i n .  

t e c h n i q u e  €o r  u p t a k e  r a t e s  w i t h  human p a t i e n t s  found t h a t  pr imary  hepatomas,  

meningiomas,  hemangiomas, r e n a l  c e l l  ca rc inomas ,  and ,  t o  a lesser  e x t e n t ,  

However, Arnold  (9)  u s i n g  99mTc and  a n  Anger camera 
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g l iomas ,  have  l a r g e r  b lond  f low r a t e s  than  the  o rgan  parenchyma, b u t  

m e t a s t a t i c  ca rc inomas  were found t o  be  g e n e r a l l y  l e s s  wel l  p e r f u s e d  

than  s u r r o u n d i n g  parench-+ma. These s t u d i e s  invo lved  o n l y  r e l a t i v e  

r a t e s  of  u p t a k e  of t h e  t r a c e r  used  and c o u l d  n o t  b e  made q u a n t i t a t i v e .  

I n  g e n e r a l  t h e  ben ign  tumors show a n  i n c r e a s e d  r e l a t i v e  b lood  f l o w  b u t  

t h e  ma l ignan t  ones  do n o t .  Th i s  cou ld  be  due i n  pa r t  t o  t h e  p re sence  

of n e c r o t i c  a r e a s  i n  t h e  l a t t e r  t y p e s .  

C e r t a i n  o t h e r  a s p e c t s  o f  t h e  b lood  f low t o  tumors such  as t h e  

r e l a t i v e  e f f e c t s  of v a r i o u s  d r u g s ,  i n h a l a t i o n  of CO e t c . ,  a r e  found 

i n  a number of  s c a t t e r e d  p a p e r s  (10-26) .  Although some p e r t i n e n t  papers  

may w e l l  have  been  mis sed  i n  t h i s  su rvey  of t h e  l i t e r a t u r e ,  i t  seems 

c l e a r  t h a t  t h e  l i t e r a t u r e  a v a i l a b l e  on s t u d i e s  i n  t h e  a r e a  of i n t e r e s t  

i s  n o t  e x t m s i v e ,  and t h a t  h a r d l y  any  q u a n t i t a t i v e  d a t a  have  been 

r e p o r t e d .  

2 '  

IV. LITERATURE ON METHODS - 
There i s  no s h o r t a g e  of methods t h a t  have been used  f o r  measur ing  

r e g i o n a l  b lood  f l o w  r a t e s .  Here a g a i n  t h e  Handbook of  Phys io logy  (1) 

p r o v i d e s  numerous r e f e r e n c e s  t o  t h e  pre- 1965 l i t e r a t u r e .  The c h a p t e r s  

by Kramer, Lochner  and Welterer ( 2 7 )  and by Spencer  and Denison (28)  a r e  

p a r t i c u l a r l y  d i r e c t e d  t o  t h i s  t o p i c ,  b u t  t h e r e  a r e  many c i t a t i o n s  i n  

o t h e r  c h a p t e r s  as  w e l l .  The l a t t e r  c h a p t e r  emphasizes  t h e  u s e  of a n  

e l e c t r o m a g n e t i c  f lowmete r .  The c h a p t e r  by Kramer e t  a l .  p r o v i d e s  a 

more g e n e r a l  s u r v e y .  A s  t h e s e  a u t h o r s  p o i n t  o u t ,  " P r i n c i p l e s  of  measure- 

ment (of  b lood  f l o w )  may be  and have  been developed  from a l m o s t  eve ry  

t o p i c  i n  p h y s i c s  t e x t b o o k s  : mechanics  ( s o l i d ,  l i q u i d  and g a s ) ,  sound,  

e l e c t r i c i t y ,  magnet ism,  o p t i c s ,  theimodynamics,  and a tomic  p h y s i c s  . ' I  
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Morc ~ p ~ ~ i S i c a l l y  , S O ~ C  m t h o d s  o r  d e v i c e s  t h a t  have been s u c c e s s f u l l y  

u s e d  i n c l u d e  venous o u t f l o w  c o l l e c t i o n s ,  d rop  r e c o r d i n g  ( f o r  l e s s  t h a n  

2 ml/minutc)  , bubb le  flownieter , p u l s e  p le thysmography,  p h o t o e l e c t r i c  

p le thysmography,  t h e r n . 1  stomuhr , t he rma l  conduc tance  methods ( h e a t  

f l ow and t e m p e r a t u r e  g r a d i e n t  i n  s k i n )  and t h e r m a l  c o n d u c t i v i t y  ( s i m i l a r  

t o  p r e c e d i n g ,  b u t  i n v o l v e s  a s p e c i a l  h e a t  s o u r c e ) .  Another  g e n e r a l  

r e f e r e n c e  is  t h e  c h a p t e r  by Donato,  Holmes and  Wagner (29)  i n  Wagner's 

book. Here,  of c o u r s e ,  t h e  emphasis  is  on t h e  u s e  o f  r a d i o a c t i v e  

i n d i c a t o r  t e c h n i q u e s .  These methods have  been a p p l i e d  i n  human b e i n g s  

f o r  measur ing  c a r d i a c  ou tpu t  and b lood  f low r a t e s  t o  t h e  b r a i n ,  t h e  

myocardium, t h e  k i d n e y s ,  and t h e  ex t r emi t i e s .  
._ ~ 

A recent  a r t i c l e  by Mi lder  

e t  a l  (30) d e s c r i b e s  t h e  use o f  Indium- 113m-iron hydrox ide  p a r t i c l e s  t o  measure 

b l o o d  f low i n  t h e  dog l u n g .  

V. APPLICATIORS IN TUMORS 

When w e  come t o  t h e  problem of  measur ing  b lood  f low rates  i n  tumors 

i n  human b e i n g s ,  few o f  t h e  methods mentioned above  a r e  r e a l l y  u s e a b l e .  

Some r e q u i r e  haza rdous  s u r g i c a l  p r o c e d u r e s ,  some are  a p p r o p r i a t e  o n l y  f o r  

e x p e r i m e n t a l  a n i m a l s  because  of i n v o l v i n g  t r a n s p l a n t e d  tumors , k i l l i n g  t h e  

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

a t  b e s t ,  r e l a t i v e  v a l u e s ,  which a r e  of  u s e  i n  d e t e r m i n i n g  t h e  d i r e c t i o n  of 

e f f e c t s  of  a d rug  o r  p rocedure  b u t  which do n o t  g i v e  q u a n t i t a t i v e  r e s u l t s .  

The r a d i o a c t i v e  i n d i c a t o r  methods t h a t  u t i l i z e  e x t e r n a l  d e t e c t i o n  methods 

a r e  t h e  most a c c e p t a b l e  from t h e  v i ewpo in t  o f  t h e  p a t i e n t .  These methods,  

however, have  no t  en joyed  widespread  u t i l i z a t i o n  because  of  t h e  complex i ty  

and c o s t  of t h e  r e q u i r e d  equipment .  I n  p a r t i c u l a r  t h e r e  have been  few 

s t u d i e s  which p r o v i d e  d a t a  on t h e  b lood  f low ra tes  i n  tumors .  

4 0 0 3 8 1  I 
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VI . EQUIPP.II'NT AV;iIJ,ACL!: - 

The foll .owing parn::raphs d e s c r i b e  some of  t h e  major  i tems of equipment 

which a r e  mentioned b e l o w  under  t h e  proposed  s t u d i e s  and which a r e  c u r r e n t l y  

i n  u s e  at t h e  BhZ bledii.-! Research  C e n t e r  o r  which a r e  on o r d e r .  

1. Nuclear  Chicago Pho-Gamma I11 (Anger Camera). Th i s  is  a commerc ia l ly  

a v a i l a b l e  d e v i c e  u s i n g  a s i n g l e  l a r g e  c r y s t a l  and e l e c t r o n i c  c i r c u i t o r y  

d e s i g n e d  t o  r e c o n s t r u c t  and d i s p l a y  a p i c t u r e  of  t he  d i s t r i b u t i o n  of  

r a d i o a c t i v i t y  i n  i t s  f i e l d  of v i ew.  

2 .  M u l t i c q s t a l  p o s i t r o n  d e t e c t o r .  'his i s  a 32 c r y s t a l  d e v i c e  deve loped  

a t  BNL (31)  f o r  l o c a t i n g  b r a i n  tumors and  c u r r e n t l y  i n  u s e  f o r  s t u d i e s  of  

c e r e b r a l  b lood  f low.  I n  t h e  p r e s e n t  c o n f i g u r a t i o n  t h e  32 one- inch  d i ame te r  

NaI c r y s t a l s  a r e  a r r a n g e d  i n  a c i r c l e  of 40 c m  d i a m e t e r .  

e l e c t r o n i c  c o i n c i d e n c e  c i r c u i t s  t h e  coun t s  due t o  p o s i t r o n  a n n i h i l a t i o n  gamma 

r a y s  a r e  r e c o r d e d  a c c o r d i n g  t o  c o u n t e r  p a i r s .  There is  no c o l l i m a t i o n  invo lved ,  

and each  c r y s t a l  may be  p a i r e d  w i t h  any  o f  t h e  o t h e r  c r y s t a l s ,  t hus  p rov id ing  

a r e l a t i v e l y  h i g h  quantum u t i l i z a t i o n  f o r  t h e  system. Through computer  

a n a l y s i s  of t h e  d a t a  a tomograph, o r  mapping of t he  a c t i v i t y  i n  t h e  "plane" 

( a c t u a l l y  a s l a b  abou t  1 i n c h  t h i c k )  of  t h e  c r y s t a l s  i s  produced .  

_ _  

Through t h e  u s e  of 

3 .  Nuclea r  Data 5 0 / 5 0  Med Sys tem,  w i t h  PDP-8 computer .  T h i s  commerc ia l ly  

a v a i l a b l e  sys t em p rov ides  a u t o m a t i c  r e c o r d i n g  of d a t a  o b t a i n e d  w i t h  t h e  Anger 

Camera o r  o t h e r  d e t e c t i o n  d e v i c e s  and h a s  t h e  c a p a b i l i t y  f o r  a c h i e v i n g  some 

d a t a  p r p c e s s i n g .  

4 .  Ohio Nuclear  Scanner  

5 .  F i f t y - f o u r  c r y s t a l  (6 i n c h  d i a m e t e r  NaI)  whole body c o u n t e r .  
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6 .  Cyc lo t ron  

A 60” c y c l o t r o n  i s  a v a i l a b l e  f o r  t h e  p r o d u c t i o n  of  a w i d e  range  of 

s h o r t  l i v e d  r ad io i so tL ;pes .  I t  can  a c c e l e r a t e  p r o t o n s ,  d e u t e r o n s ,  a lpha  

p a r t i c l e s  o r  he l ium-3  n u c l e i  a t  e n e r g i e s  o f  2 - 2 3  MeV f o r  d e u t e r o n s  t o  

6-63 EIeV f o r  t h e  h e l i u m  3 n u c l e i .  Beam c u r r e n t s  up t o  100 pa a r e  

a v a i l a b l e .  The c o s t  o f  t h e  u s e  of t h i s  machine i s  based  on a n  hour ly  cha rge  

d e r i v e d  from t h e  t o t a l  o p e r a t i n g  c o s t  of t h e  machine.  A t  p r e s e n t  t h i s  is 

$84 a n  hour .  

7 .  Computers 

A XDS Sigma 2 computer  w i t h  32 K of c o r e  memory, two magnet ic  tape 

t r a n s p o r t s ,  a d i s c  f i l e ,  a c a r d  r e a d e r ,  a paper  t a p e  r e a d e r  and a f a s t  p r i n t e r  

i s  l o c a t e d  i n  t h e  BhZ Medica l  Research  C e n t e r .  Th i s  computer is  connec ted  

v i a  a s p e c i a l  c a b l e  sys t em,  Brookne t ,  t o  t h e  CDC 6600 computers  l o c a t e d  a t  

t h e  BKL c e n t r a l  computer  f a c i l i t y ,  t h u s  p r o v i d i n g  d i r e c t  a c c e s s  t o  a v e r y  

powerfu l  computer  sys t em.  The Sigma 2 is a l s o  connec ted  o n - l i n e  wi th  t h e  

m u l t i c r y s t a l  p o s i t r o n  d e t e c t o r  d e v i c e  and t o  t h e  whole body c o u n t e r .  

V I I .  PR??”I’SZD STUDIES (SPECIFIC METHODS) 

The fo l lowing  p a r a g r a p h s  o u t l i n e  s e v e r a l  t e c h n i q u e s  which w i l l  be used  

i n  s t u d y i n g  t h e  b lood  f low r a t e s  i n  tumors and which i n v o l v e  equipment 

c u r r e n t l y  a v a i l a b l e  a t  t h e  Medica l  Resea rch  Cen te r  of t h e  Brookhaven 

N a t i o n a l  L a b o r a t o r y .  Some m o d i f i c a t i o n s  of and  a d d i t i o n s  t o  t h e  p r e s e n t  

equipment may be n e c e s s a r y  t o  meet t h e  s p e c i a l  r equ i r emen t s  of t h e  proposed 

s t u d i e s  . 

4 0 0 3 8 1 3  
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For t h e  p r e s e n t  d i s c r i s s i o n ,  i t  w i l l  b e  assumed t h a t  from roentgenography 

and o t h e r  d i a g n o s t i c  methods t h e  l o c a t i o n  of t h e  tumor t o  be s t u d i e d  i s  

a l r e a d y  known w i t h  sonic p?-cc i s ion .  Even s o ,  t h e  problem o f  measu r ing  b lood  

f l o w  by e x t e r n a l  coun t in r .  methods is  a d i f f i c u l t  one ,  p a r t i c u l a r l y  when t h e  

tumor is  deep i n  t h e  body a n d / o r  when i t  h a s  a r e l a t i v e l y  low b l o o d  p e r f u s i o n  

r a t e ,  by which i s  meant t h e  b lood  f l o w  per  u n i t  we igh t  of  t h e  tumor. 

I n  measu r ing  b lood  f l o w ,  i t  i s  even more i m p o r t a n t  t h a n  i n  r e l a t e d  

p rocedures  used  f o r  l o c a t i n g  tumors t o  e l i m i n a t e  t h e  e f f e c t s  of r a d i o a c t i v i t y  

i n  t h e  t i s s u e s  between t h e  tumor and  t h e  d e t e c t o r .  Our 32 d e t e c t o r  p o s i t r o n  

d e v i c e  p r o v i d e s  one method f o r  s o l v i n g  t h i s  p a r t  o f  t h e  problem. Another  

method under  c o n s i d e r a t i o n  is  t o  u s e  f o c u s i n g  c o l l i c a t o r s  on t w o  Anger 

camcras p l a c e d  on o p p o s i t e  s i d e s  of  t h e  body and  t o  u s e  a n u c l i d e  t h a t  

emits two gamma r a y s  of s u i t a b l e  ene rgy .  The combina t ion  of  f o c u s i n g  

c o l l i m a t o r s ,  coi : ic idence c o u n t i n g ,  and d a t a  p r o c e s s i n g  by computer  methods 

p e r m i t  one t o  "see th rough"  o v e r l a y i n g  a c t i v i t y  and t o  de t e rmine  t h e  a c t i v i t y  

a t  t h e  s i t e  of i n t e r e s t  even i f  i t  i s  less t h a n  t h e  o v e r l y i n g  a c t i v i t y .  

_ -  
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The t l i e 3 r e t i c a l  lxi:.is f o r  t h e  l a t t e r  method h a s  been developed  by 

D r .  H .  Har t  ( C i t y  C o l l c c c  o f  N e w  York ) .  I t s  t r a n s l a t i o n  i n t o  hardware 

and  u s e  w o u l d  i n v o l v e  c o l l a b o r a t i o n  w i t h  D r .  Hart .  These d e v i c e s  and 

o t h e r s  ment ioned  below \ iould be used  i n  t h e  f o l l o w i n g  p rocedures :  

(a)  Plasma volrimc and r e d - c e l l  volume.  S t a n d a r d  methods u s i n g  

lz5I r a d i o i o d i n a  t ed  serum albumin f o r  plasma volumes and "Cr-sodium 

chromate  l a b e l e d  r e d  c e l l s  a r e  a v a i l a b l e  f o r  t h e s e  d e t e r m i n a t i o n s  ( 3 0 ) .  

With a c o r r e c t i o n  f o r  t h e  w h i t e  c e l l  volume, t h e  sum of t h e s e  two volumes 

g i v e s  t h e  t o t a l  b lood  volume. Blood samples  a re  coun ted  i n  w e l l  c o u n t e r s  

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

(b)  T r a n s i t - t i m e  measurements .  T r a n s i t - t i m e  measurements a r e  b e s t  

done f o l l o w i n g  i n t r a - a r t e r i a l  i n j e c t i o n  o f  t r ace r ,  b u t  some i n f o r m a t i o n  

c a n  b e  o b t a i n e d  fol lowir ig  i n t r a v e n o u s  i n j e c t i o n s  , p a r t i c u l a r l y  when a 

small  b o l u s  can  b e  r a p i d l y  i n j e c t e d .  A n o n - d i f f u s i b l e  tracer shou ld  b e  

u s e d .  The p a t i e n t s  own l a b e l e d  r e d  b lood  c e l l s  would b e  i d e a l  f o r  t h i s  

p u r p o s e .  Two a p p r o p r i a t e  l a b e l s  a r e  a v a i l a b l e ,  99mTc i n  reduced  form (32)  

11 and CO ( 3 3 ) .  The l a t t e r  may be  p r e f e r a b l e  when m u l t i p l e  s t u d i e s  must be  

per formed i n  r a p i d  s u c c e s s i o n .  The l a b e l i n g  t e c h n i q u e s  a r e  d e s c r i b e d  i n  

t h e  r e f e r e n c e s  c i t e d .  

Var ious  i n s t r u m e n t s  c a n  b e  used  f o r  t h i s  d e t e r m i n a t i o n .  Anger Camera 

i n t e r f a c e d  w i t h  t h e  Nuclear  Data 50 /50  Med Sys tem c a n  b e  u s e d  i n  t h e  dynamic 

mode f o r  s e l e c t i o n  of  the r e g i o n  t o  be  s t u d i e d  and  o b t a i n i n g  t h e  n e c e s s a r y  

d a t a  i n  a p p r o p r i a t e  t i m e  i n t e r v a l s .  The p o s i t r o n  camera a t t achmen t  t o  t h e  

Anger  Camera i s  n o t  s u i t a b l e  f o r  dynamic s t u d i e s ,  b u t  t h e  32 d e t e c t o r  

p o s i t r o n  d e v i c e  would be  u s e f u l  f o r  t h i s  p u r p o s e .  

Using t h e  Anger camera-Nuclear  Data  sys t em a t y p i c a l  p l a n  would b e  a s  

f o l l o w s .  A b o l u s  of  99'nTc s u l f u r  c o l l o i d  would be i n j e c t e d  i n t r a v e n o u s l y  

4 0 0 3 8  I 5  
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and  t h e  tumor and s u r r o u n d i n g  t i s s u e  v i s u a l i z e d  by d i s p l a y  on t h e  CRT. 

A c o n t i n u o u s  r e c o r d i n g  on magne t i c  t a p e  of t h e  d a t a  f o r  t h e s e  a r e a s  

would make t h e  d a t a  a v a i l a b l e  f o r  subsequent  a n a l y s i s .  Th i s  would be 

fo l lowed  by a n  i n t r a v e n o u s  i n j e c t i o n  of " C O  l a b e l e d  r e d  c e l l s  f o r  t h e  

f low measurements ,  a g a i n  w i t h  con t inuous  r e c o r d i n g  o f  t h e  d a t a .  

t h e  r e g i o n  o f  i n t e r e s t  a s  i n d i c a t e d  by t h e  f i r s t  t r a c e r  and a n  a d j a c e n t  

c o n t r o l  a r e a  would b e  d e f i n e d  by drawing t h e i r  b o u n d a r i e s  w i t h  a l i g h t  

On r e p l a y ,  

pen .  The t ime c o u r s e  of t h e  second a c t i v i t y  i n  t h e s e  areas p r o v i d e s  t h e  

d a t a  needed f o r  computing t h e  t r a n s i t  t i m e s .  The a c c u r a c y  of t h i s  method 

_ _  - would be improved through t h e  u s e  of two oppos ing  cameras .  

( c )  Blood volume w i t h i n  t h e  tumor 

This  measurement c o u l d  b e  a c h i e v e d  as a c o n t i n u a t i o n  of t h e  t r a n s i t -  
I 

t ime measurements,  w i t h  t h e  r e c o r d i n g  p roceed ing  u n t i l  e q u i l i b r i u m  i s  

a t a i n e d .  By compar ison  w i t h  a coun t  made wi th  a t i s s u e  e q u i v a l e n t  

phantom, t h e  f r a c t i o n  o f  t h e  i n j e c t e d  a c t i v i t y  which a p p e a r s  i n  t h e  

tumor volume would be d e t e r m i n e d .  From a blood sample t h e  f r a c t i o n  of 

a c t i v i t y  p e r  m l  of b lood  would b e  de t e rmined ,  and from t h e  r a t i o  of t h e s e  

two f r a c t i o n s  t h e  volume o f  b lood  i n  t h e  tumor volume would be c a l c u l a t e d .  

Again t h e  a n g e r  camera-Nuclear  Data sys tem would be used f o r  d a t a  a c q u i s i t i o n  

and d a t a  p r o c e s s i n g .  

( r i )  Blood f l o w  

The ;urnor b lood  volume and t h e  t r a n s i t  t ime d e t e r m i n a t i o n s  d e s c r i b e d  

above  p r o v i d e  t h e  i n f o r m a t i o n  n e c e s s a r y  f o r  computing b lood  f low rates i n  

a b s o l u t e  u n i t s  such  a s  ml/min. I f  BV = blood volume i n  t h e  tumor and TT = 

a v e r a g e  t r a n s i t  t ime f o r  b lood  t o  f low through t h e  tumor, t h e  blood f low 

4 0 0 3 8  I b 
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r a t e ,  BFR = BV / TT. Thc p r e c i s i o n  a s c r i b a b l e  t o  t h i s  r e s u l t  depends 

on s e v e r a l  f a c t o r s ,  p a r i i c u l a r l y  t h e  e r r o r s  a s s o c i a t e d  w i t h  t h e  v a r i o u s  

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

f o r  a g i v e n  t o t a l  counl: i s  t h e  s q u a r e  r o o t  of t h e  c o u n t .  Thus t o  a c h i e v e  

a l o w  c o u n t i n g  e r r o r  i t  i s  n e c e s s a r y  t o  have  a l a r g e  t o t a l  c o u n t .  I n  

t h e  proposed  work t h e r e  a r e  l i m i t a t i o n s  which p r e c l u d e  t h e  achievement 

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

must be k e p t  w i t h i n  t h e  e s t a b l i s h e d  l i m i t s ,  which means t h a t  t h e  amount 

o f  a c t i v i t y  a d m i n i s t e r e d  is  l i m i t e d .  Even w i t h o u t  t h i s  l i m i t a t i o n ,  

_ _  - t h e  l i m i t a t i o n s  imposed by  t h e  i n s t r u m e n t a t i o n  and  by  t h e  r equ i r emen t  

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

r e l a t i v e l y  low t o t a l  c o u n t s  and consequent  r e l a t i v e l y  large c o u n t i n g  

e r r o r s .  When s e v e r a l  p a r a m e t e r s  i n v o l v i n g  t h e s e  e r r o r s  a r e  combined, 

t h e  e r r o r s  a r e  a l s o  combined a d d i t i v e l y .  I t  i s  e x p e c t e d  t h a t  i t  w i l l  

be  d i f f i c u l t  t o  o b t a i n  e r r o r s  of l e s s  t h a n  5 t o  10 p e r  c e n t  i n  BV and 

TT, s o  t h e  e r r o r  i n  t h e  b lood  f low rate  by t h i s  method may b e  expec ted  

t o  b e  10 t o  20 p s r  c e n t .  

4 0 0 3 8 1 7  
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( e )  C l e a r a n c e  r a t e s .  The u s e  o f  a n  i n e r t  gas  f o r  measurement of 

washout r a t e s  h a s  been used  t o  measure b lood  f l o w  i n  a number o f  t i s s u e s .  

For measurement o f  tumors i n  p a t i e n t s  t h e  gas  would be i n h a l e d  u n t i l  t h e  

t i s s u e s  a r e  s a t u r a t e d .  Then t h e  washout r a t e  c o u l d  be  de t e rmined  w i t h  t h e  

gamma camera.  

p o s i t r o n  d e v i c e  would be s u i t a b l e  f o r  measurement.  

t h i s  sys t em is t h e  3 -d imens iona l  l o c a l i z a t i o n  o f  t h e  r e g i o n  t o  b e  s t u d i e d .  

A l t e r n a t i v e l y  1 3 N  may b e  c o n s i d e r e d  f o r  t h e s e  s t u d i e s .  

of hav ing  a lower  b i n d i n g  c o e f f i c i e n t  f o r  f a t t y  t i s sues  t h a n  does k ryp ton ,  and 

I f  a p o s i t r o n  e m i t t e r  (79K.r) i s  used  t h e  32 d e t e c t o r  

The a d v a n t a g e  of 

N i t r o g e n  h a s  t h e  advantage  

_ _  - t h u s  t h e  wash o u t  t ime from t h e  body would b e  s h o r t e r .  

These method g i v e s  r e s u l t s  e x p r e s s e d  as  p e r f u s i o n  r a t e s ,  f o r  example 

i n  u n i t s  o f  ml/min. p e r  100  gm. 

It i s  proposed  t h a t  i n v e s t i g a t i o n s  b e  u n d e r t a k e n  t o  e x p l o r e  t h e  

f e a s i b i l i t y  of a p p l y i n g  t h e  t e c h n i q u e s  mentioned above i n  t h e  q u a n t i t a t i v e  

measurement of t h e  b lood  f low rates of tumors i n  human b e i n g s ,  and t o  

deve lop  m o d i f i c a t i o n s  o f  these methods o r  new methods as may be found t o  

be n e c e s s a r y  t o  o b t a i n  t h e  d e s i r e d  r e s u l t s .  These s t u d i e s  would b e g i n  

w i t h  s t u d i e s  t o  b e  conduc ted  i n  t h e  l a r g e r  l a b o r a t o r y  e x p e r i m e n t a l  a n i m a l s ,  

b u t  w i t h  methods which c o u l d  j u s t  a s  w e l l  be  used  i n  human b e i n g s .  With 

e x p e r i m e n t a l  a n i m a l s  i t  w i l l  a l s o  b e  p o s s i b l e  t o  cross check  t h e  r e s u l t s  

of t h e  e x t e r n a l  c o u n t i n g  methods t o  b e  used  a g a i n s t  more d i r e c t  measurements 

u s i n g  c l a s s i c a l  p h y s i o l o g i c a l  methods ,  f o r  t h e  purpose  of p r o v i d i n g  an a b s o l u t e  

b a s i s  f o r  c a l i b r a t i n g  t h e  i n d i r e c t  methods.  Con t ingen t  on how promis ing  

t h e  p rocedures  deve loped  appear t o  b e ,  c l i n i c a l  t r i a l s  would f o l l o w .  

The Medical Researc!! C e n t e r  i s  wel l  equipped  f o r  i n i t i a t i n g  t h e  proposed 

s t u d i e s ,  bo th  a t  t h e  an ima l  and  a t  t h e  c l i n i c a l  l e v e l s .  The l a b o r a t o r i e s  a re  

e s p e c i a l l y  w e l l  s u p p l i e d  wi th  r a d i a t i o n  d e t e c t i o n  and  computing equipment.  
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Among t l i c  f o r c s e e n b l e  a d d i t i o n a l  equipment r e q u i r e m e n t s  i's a second 

Anger camera Tor use i n  the proposed method f o r  d e t e r m i n i n g  t h e  b lood  

volume w i t h  ;1 tumor.  

would a l s o  have  t o  be custom des igned  and  c o n s t r u c t e d .  

The f o c u s i n g  calli-mators t o  be used  w i t h  t h i s  

It is a l s o  d e s i r a b l e  t o  modify t h e  p o s i t r o n  d e t e c t o r  and t o  reprogram 

t h e  method of d a t a  a n a l y s i s  u s e d ,  t o  accommodate t h e  more r a p i d  r a t e  of 

d a t a  a c q u i s i t i o n  t h a t  w i l l  be  r e q u i r e d  and t o  improve t h e  s p a t i a l  r e s o l u t i o n  

of t h e  sys t em.  The e x i s t i n g  v e r s i o n  o f  t h e  p o s i t r o n  d e t e c t o r  was des igned  

f o r  u s e  i n  l o c a t i n g  b r a i n  tumors.  I n  i t s  p r e s e n t  c o n f i g u r a t i o n ,  a r i g i d  

r i n g  of d e t e c t o r s ,  i t  i s  n o t  e a s i l y  used  i n  t h e  c h e s t  o r  abdomen. 

i t  c a n  be r e b u i l t  t o  p r o v i d e  t h e  r e q u i r e d  c a p a b i l i t i e s .  

._ - However, 

This  would i n v o l v e  

s p l i t t i n g  t h e  r i n g  and p r o v i d i n g  a new method f o r  h o l d i n g  i t  i n  p o s i t i o n .  

Animal S t u d i e s  

With a view t o  deve lop ing  a p p l i c a t i o n s  i n  p a t i e n t s  i t  seems n e c e s s a r y  t o  

g e t  away from u s i n g  t h e  s m a l l e r  l a b o r a t o r y  an ima l s  such  as mice and  ra t s .  

Dogs, swine  and r a b b i t s  a re  more a p p r o p r i a t e .  I n  p a r t i c u l a r ,  i n  t h e  case 

of d o g s ,  e x p e r i e n c e  i n d i c a t e s  t h a t  a s u p p l y  of dogs w i t h  tumors i s  a v a i l a b l e  

t h r o u g h  v e t e r i n a r i a n s  i n  t h e  l o c a l  communities. These may b e  e x p e c t e d  t o  

i n c l u d e  a v a r i e t y  o f  carc inomas  and  some sa rcomas ,  

t h e r e  a r e  advan tages  i n  working wi th  s p o n t a n e o u s l y  a r i s i n g  tumors r a t h e r  

t h a n  w i t h  t r a n s p l a n t e d  ones i n  t h a t  t h e  b lood  f low c h a r a c t e r i s t i c s  may b e  

For  t h e  p r e s e n t  purposes  

more l i k ;  t h o s e  encoun te red  i n  p a t i e n t s .  

ment work on t h e  methods ment ioned  above  be conducted  f i r s t  u s i n g  r a b b i t s  

and normal dogs and measur ing  t h e  b lood  f low r a t e s  i n  s p e c i f i c  r e g i o n s  

s u c h  a s  t h e  l i v e r .  

I t  is  proposed  t h a t  t h e  deve lop-  
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Then dogs i i t h  tumors w i l l  b e  s t u d i e d  by c o m p r i n g  t h e  b lood  f low rates 

i n  tumors  w i t h  t h o s e  i n  normal t i s s u e s .  

C l i . n i ca1  S t u d i e s  

hhen  t h e  methods have  been checked o u t  th rough an ima l  s t u d i e s  and i f  

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

i s  t o  be  expec ted  i n  measur ing  t h e  b lood  f low i n  tumors i n  human b e i n g s ,  

such  s t u d i e s  w i l l  b e  i n i t i a t e d .  The p r o t o c o l s  f o r  such  e x p e r i m e n t s ,  

i n c l u d i n g  c a l c u l a t i o n s  of and r a d i a t i o n  doses  t h a t  may b e  i n c u r r e d  by 

t h e  p a t i e n t s  w i l l  be  deve loped  as e x t r a p o l a t i o n  from t h e  a n i m a l  e x p e r i -  

ence .  
_ _  - 

B e f o r e  b e i n g  pu t  i n t o  p r a c t i c e  i t  i s  n e c e s s a r y  t h a t  t h e  proposed  

p r o c e d u r e s  b e  rev iewed by a l o c a l  c l i n i c a l  i n v e s t i g a t i o n  commit tee .  

Thc e s t a b l i s h e d  p r o c e d u r e s  a t  BNL f o r  such  r ev iew i n c l u d e  o b t a i n i n g  

a s s u r a n c e  t h a t  w r i t t e n  informed consen t  s t a t e m e n t s  w i l l  b e  r e q u i r e d  

f o r  a n y  s u b j e c t  t o  p a r t i c i p a t e  i n  t h c  s t u d y ,  t h a t  e x c e p t  f o r  e x p l i c i t y  good 

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

i o n i z i n g  r a d i a t i o n s ,  and t h a t  o t h e r  s a f e g u a r d s  of t h e  p a t i e n t ' s  w e l f a r e  

w i l l  be s t r i c t l y  e n f o r c e d .  I n  a l l  c a s e s  t h e  exposures  t o  r a d i a t i o n  w i l l  

b e  k e p t  t o  t h e  minimum c o n s i s t e n t  w i t h  o b t a i n i n g  t h e  r e q u i r e d  d a t a ,  and 

i n  a n y  e v e n t  below t h e  e x p o s u r e  l i m i t s  recommended by t h e  ICRP, t h e  NCRP,  

t h e  AEC and by t h e  l o c a l  commit tees  concerned  w i t h  r a d i a t i o n  p r o t e c t i o n .  

The a p p r o v a l s  n e c e s s a r y  f o r c l i n i c a l  i n v e s t i g a t i o n  have  n o t  as y e t  been 

o b t a i n e d  because  i t  is d e s i r e d  t h a t  t h e  an imal  phase  o f  t h e  program be 

comple t ed  f i r s t  s o  t h a t  i n  t h e  p r o p o s a l  f o r  c l i n i c a l  i n v e s t i g a t i o n  the  

methods t o  be used  and  t h e  p r o t o c o l s  f o r  t he  p rocedures  can  b e  d e s c r i b e d  

more d e f i n i t i v e l y .  , 
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I t  c a n  b e  e x p e c t e d  t h a t  a wide  v a r i e t y  of tumors w i l l  become a v a i l a b l e  

Cor study t h rough  r e f e r r a l s  from p h y s i c i a n s  p r a c t i c i n g  i n  t h e  l o c a l  

communi t ies .  Lung, abdominal and i n t r a c r a n i a l  tumors a re  perhaps  of t h e  

g r e a t e s t  i n t e r e s t  f o r  t h e  proposed s t u d i e s  b u t  v a l u a b l e  e x p e r i e n c e  may 

a l s o  b e  g a i n e d  Ly i n c l u d i n g  s k i n  c a n c e r s  , b r e a s t  tumors ,  and  o t h e r  more 

a c c e s s i b l e  tumors .  To a l a r g e  e x t e n t  what can b e  done w i l l  b e  dependent 

on t h e  type  of p a t i e n t  t h a t  becomes a v a i l a b l e .  This  does  n o t  a p p e a r  t o  b e  

a s e v e r e  l i m i t a t i o n ,  however. 

I n  g e n e r a l ,  t h e  p a t i e n t s  t o  b e  s t u d i e d  w i l l  b e  a d m i t t e d  t o  t h e  BNL 

__ - h o s p i t a l  €or a few days  and t h e n  r e t u r n e d  to t h e  care of t h e  r e f e r r i n g  

p h y s i c i a n .  A p p r o p r i a t e  d i a g n o s t i c  p rocedures  w i l l  b e  conduc ted  t o  

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

f u r t h e r  d e f i n e  t h e  tumors l o c a t i o n  b e f o r e  t h e  b lood  f l o w  measurements 

a r e  a t t e m p t e d .  When p o s s i b l e  more t h a n  one  of t h e  methods under  s t u d y  

w i l l  b e  used  w i t h  a g i v e n  p a t i e n t .  That i s ,  i f  i t  i s  f e a s i b l e  t o  t a k e  

measurements by two d i f f e r e n t  methods w i t h  a s i n g l e  r a d i o i s o t o p e  

a d m i n i s t r a t i o n ,  t h e s e  w i l l  b e  done f o r  compar ison  o f  t h e  methods.  

4 0 0 3 8 2 0  
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