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Mcasurcncnt o f  Blood P l o ~  Rates  i n  Tumors 

I. INTRODIJCTXON 

A knowledge of t h e  blood f low r a t e s  i n  tumors and o f  t h e  e f f e c t s  of 

v a r i o u s  pharniacological  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  h a s  

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  o f  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  o f  tumors by r a d i o i s o t o p i c  methods 

is i n  p a r t  determined by t h e  d i f f e r e n c e s  i n  b lood  f low r a t e s  f o r  t h e  gumors 

and t h o s e  f 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  blood f low a f f e c t s  

t h e  oxygena t ion  o f  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 - rays  and 6oCo 

gamma r a y s ,  a r e d u c t i o x  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 r i s t 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  of chemotherapy 

may b e  i r . f lucnced by blood f l o w  raLes  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 c n t s  cannol: be 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  

ra tes  of t h e s e  age i i t s  t o  t h e  s i t e s  of a c t i o n .  

I m p o r t a n t  as  t h e  blood f low 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  m8y 

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 se  many f a c t o r s  which hnve 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  OE t h e  r e q u i r e d  

equipment.  I t  i s  proposed,  however, t h a t  s t u d i e s  be  unde r t aken  t o  develop 

t h e  n e c e s s a r y  t echn iques  and t o  beg in  t o  o b t a i n  t h e  d e s i r e d  d a t a .  

11. PROPOSED STUI)IES (Penera1 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 :  

of b l o o d  

TO detci-iiiinc t h e  f e a s i b i l i t y  of  n;sking q u z n t i t a t i v e  ineasuremcnts 

flow 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 o f  +-!IC s t u d y  ~ e a s u r e ~ n e n t ~  w i l l  a c t u a l l y  be  made 
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f o r  U S C  w i th  human p a t i c > n t s .  

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

Animal and phaiitoili s t u d i e s  arc. n e c e s s a r y  f o r  

comparison wi th  t h e  r e sa l  ts of  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  proceed with 

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

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

'It is  expec ted  t h a t  t h i s  phase  o f  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  under 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  BRZ 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  documentat 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  of  

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 roccdurcs .  A c t u a l  t r e a t m e n t  of t h e  t u n o r s  b y  s u r g e r y ,  r a d i a t i o n  o r  

chemotherapy would not  b, under t aken  under t h i s  p r o p o s a l .  

(3) To deve lop  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 .  ?Itis 

phase w i l l  a l s o  r e q u i r e  sone  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 s  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 under  development.  

11'1 . LITEiUTUKE ON REGIOLW., -- BLOOD FL;OLJ IGASUREM5KTS - 
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  blood f low p r i o r  t o  1965 

i s  thoroilghly reviewed from a number of d i f f e r e n t  view 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 ,  o f  t h e  Eandbook cf Physiology (1). 

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

'Sonnens2hei.n and N i i i e  ( 5 ) ,  and  Ross (6 )  p r o v i d e  s c o r c s  of rcferen:es  
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t o  s t u d i e s  of blood flcw ra t e s  i n  v a r i o u s  o rgans  and t i s sues .  Asong t h e  

. organs which have r e c e i v e d  most i n t e n s i v e  a t t e n t i o n  i n  b lood  f low s t u d i e s  

a r e  t h e ' b r a i n ,  t h e  l i v e r ,  t h e  h e a r t ,  t he  l u n g s ,  t h e  k i d n e y s ,  bone, 

t h e  hand and arm, t h e  stomach, muscle, the 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 .  Attempts  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  

measuremeats o f  blood f l c m  r a t e s  i n  normal o rgans  of t h e  body o r  t h o s e  

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 lood  f low rates i n  tumors.  It  

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

which may be brought  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 s r m i n a t i o n s  

o f  t h e  b l o o d  f l ~ w  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 G r a n t ? i a s  (7). Thcse 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  

venoirs b lood  froill 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  of 42K C 1  o r  86Rb C 1  i n  t h e  tumors of an ima l s  

k i l l e d  a t  v a r i o u s  t imes a f t e r  i n j e c t i o n  o f  t h e  t r a c e r  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 t , 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 ended  t o  have 

lower Siood f low r a t e s  t han  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  Fiere 

s u p p o r t e d  by Cn ta l and  cc a l .  (8), who a l s o  found a n  i n v e r s e  r e l a t i m s h i p  

between tumor s i z e  and tumor b lood  f low ra tes  e x p r e s s e d  a s  p e r c e n t  of 

c a r d i a c  o u t p u t  p e r  granl. It was c l e a r l y  recogillzed 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  tumors oE 

spontaneous o r i g i n .  However, Arnold (9) u s i n g  "*Tc and  an Anger camera 

t e c h n i q u e  f o r  u p t a k e  ra tes  w i t h  human p a t i e n t s  found t h a t  primary hepa tonas ,  

mcn ing losas ,  hcrlinngiomcls, r e n a l  c e l l  carcinomas,  and, t o  a l e s s e r  e x t e n t ,  
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gl iomas ,  hLive largci' b l o o d  flow r n L c s  t h ~ t n  the argzn yarcI1i!iyni:1, b u t  

m e t a s t a t i c  carcinomas were found t o  b e  g e n e r a l l y  l ess  well pe r fused  

than  su r round ing  parenchyma. These s t u d i e s  invo lved  on ly  r e l a t i v e  

ra tes  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  benign tumors show an  i n c r e a s e d  r e l a t i v e  blood f low b u t  

the  malignant  ones do n o t .  This could b e  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  types .  

C e r t a i n  o t h e r  a s p e c t s  of 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  pape r s  (10-26).  

nay well have been missed i n  t h i s  s u r v e y  of t h e  l i t e r a t u r e ,  i t  seems 

2 '  

Although some p e r t i n e n t  pape r s  

c l ea 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  area of i n t e r e s t  

is 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 heen 

r e p o r  ted  . I 

IV. LITEtZATURE ON FIETHODS -- -- 
There is  no s h o r t a g e  of methods t h a t  have been  used f o r  measuring 

r e g i o n a l  blood flow r a t e s .  Here a g a i n  t h e  Handbook of Physiology (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 Kramcr, Lochner and Welterer (27)  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 re  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  a s  w e l l .  The l a t t e r  c h a p t e r  emphasi.zes t h e  u s e  of a n  

e l ec t ro i l i ngne t i c  flowmeter.  The c h a p t e r  by Kramer e t  a l .  p rov ides  a 

more g e n e r a l  s u r v e y .  As 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 low)  may b e  and have been developed from a lmos t  eve ry  
. 

. t o p i c  i n  p h y s i c s  t ex tbooks  : 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 ,  niagnet ism,  o p t i c s ,  thermodynamics, and atomic phys ic s  .I1 

'7 - 



used 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  drop  r e c o r d i n g  ( f o r  l e s s  t h a n  

2 ml/min'utc) bubble  f l o w n e t e r ,  p u l s e  plethysmography, p h o t o e l e c t r i c  

p le thysmography,  t h e r n a l  s tomuhr ,  thermal  conductance  methods ( h e a t  

flow 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 p g ,  b u t  i n v o l v e s  a s p e c i a l  n 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  i s  t h e  c h a p t e r  by Donato,  Holmes and Wagner (29) i n  Wagner's 

book. Here, o f  c o u r s e ,  the  emphasis i s  On t h e  u s e  of 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 .  n e s e  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  o u t p u t  and b lood  f low rates  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  e x t r e m i t i e s .  

et a1 (30) d e s c r i b e s  t h c  use  of  Indium-113m-iron hydrox ide  p a r t i c l e s  t o  measure 

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

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

V . APPLIC-4TiOXS I N  TLJNORS 

When w e  cone  t o  t h e  problem of measuring blood f low r a t e s  i n  tumors 

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

Sqme r e q u i r e  hazardous  s u r g i c a l  p r o c e d u r e s ,  some a r e  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 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  unaccepta l  l e  p rocedures .  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  o f  a d rug  o r  p rocedure  bu 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 re  t h e  most a c c e p t a b l e  f rom t h e  v iewpoin t  of t h e  p a t i e n t .  l k e s e  methods, 

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

and c o s t  of t h e  r e q u i r e d  cquipment . 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  da t a  on t h e  blood f low r a t e s  i n  tumors.  

c 
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VI . EQUII'f.:!:?!T AV~L7T,P. l ; I , l~  --- 
I 

The fo l lowing  pa rnz raphs  d e s c r i b e  some of  the major i tems of equipment 

. which a;e mentioned below under  the  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  a t  t h e  BhZ bI2dicz1 Research Center  o r  which a r e  on o r d e r .  

1. Nuclear Chicago Pho-Gama I11 (Anger Camera). This i s  a commercially 

a v a i l a b l e  d e v i c e  us ing  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  

des igned  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 h e  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 iew.  

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 .  This i s  a 32 c r y s t a l  d e v i c e  developed 

a t  EhZ (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 iameter  

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 cm d iame te 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 

Through t h e  u s e  of 

rays  a r e  r eco rded  accordir?g t o  c o u n t e r  p a i r s .  There i s  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 of  the 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 igh  quanturil u t i l i z a t i o n  f o r  t h e  sys tem.  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 h e  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'. 

3 .  Nuclear Data 50/50 Med System, w i t h  PDP-8 computer. Th i s  comxcrc i a 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 dz t a  o b t a i n e d  w i t h  t h e  Anger 

Cancra or o the r  d e t c c t i o n  d e v i c e s  and has  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 

da ta  p r o c e s s i n g .  

4. Ohio Nuclczr Scanaer  

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

. 



6 .  Cyclotror .  

A 60" c y c l o t r o n  is 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  o f  a wide range of 

s h o r t .  l i v e d  r a d i o i s o t o p e s .  

p a r t i c l e s  o r  helium-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  deutercins t o  

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 l p h a  

6-63 MeV f o r  t h e  hel ium 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  of t h e  use  of t h i s  machine i s  based  on a n  h o u r l y  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  i s  

$84 a n  hour .  

7 .  Computers 

A XDS Signa 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 ape  r e a d e r  and a fast p r i n t e r  

is l o c a t e d  i i i  t h e  B h l  I k d i c a l  Research C e n t e r .  This  computer i s  connected 

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

the R K L  c e n t r a l  coiopi.iter f a c i l i t y ,  thus p r o v i d i n g  d i r e c t  a c c e s s  t o  a very  

powerful  computer system. The Sigma 2 is  a l s o  connected 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  dev ice  and t o  t h e  whole body c o u n t e r .  

. V I 1  . PR???S;:D STUDIES (SPECIFIC IIETHODS) 

The fo l lowing  pa rag raphs  o u t l i n e  s e v e r a l  t e c h n i q u e s  whicn w i l l  be used 

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

c u r r e n t l y  a v a i l a b l e  a t  t h e  Medical Researctt Cen te r  of t h e  Brookhaven 

Nati.ona1 Labora to ry .  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  

equiprmnt niay 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 c  propased 

s t u d i e s ,  

. 
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For t h e  p r e s e n t  d i s c u 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  b e  s t u d i e d  i s  

a l r e a d y  known w i t h  some p r e c i s i g n .  Even s o ,  t h e  problem o f  measuring b lood  

flow by e x t e r n a l  c o u n t i n g  methods i s  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 i s  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 blood p e r f u s i o n  

r a t e ,  by which i s  meant the b lood  f low p e r  u n i t  we igh t  of t h e  tumor. 

I n  measur ing  blood flow, 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 r o c e d u r e s  u s e d  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; 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 .  

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  p r o b l e n .  Another 

Our 32 d e t e c t o r  p o s i t r o n  

method unde r  c o n s i d e r a t i o n  i s  t o  u s e  f o c u s i n g  c o l l i i z a t o r s  on two Anger 

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

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

' c o l l i m a t o r s ,  c o i x i d e n c e  c o u n t i n g ,  and d a t a  p r o c e s s i n g  by compcrter methods 

I 1  p e r m i t  one t o  

a t  t h e  s i t e  of i n t e r e s t  even if i t  is  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 .  

see through" o v e r l a y i n g  a c t i v i t y  an6 t o  de t e rmine  t h e  a c t i v i t y  



-- 

The thc*:rr cticnl i ) c i > i i s  f o r  thcs l a t t c r  method h a s  been d c v c l ~ p c d  by 

I t s  t r a n s l a t i o n  i n t o  hardware D r .  M. Hart ( C i t y  Co l l ege  of  New York).  

and  use would 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 .  H a r t .  These d e v i c e s  and 

o t h e r s  mcntioncd bcloc: would be  used i n  t h e  f o l l o w i n g  p rocedures :  . 
(a) Plasma voluwc and r e d - c e l l  volume. 

lZ5I r a d i o i o d i n n  ted  serum albumin f o r  plasma 

chromzte 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  

With a c o r r e c t i o n  f o r  t h e  w h i t e  cell volume, 

gives t h e  t o t a l  blood volunic. Blood samples 

fo r  t h e s e  determinations. 

S t a n d a r d  methods u s i n g  

51 volumes and Cr-sodium 

t h e s e  d e t e r m i n a t i o n s  (30) .  

t h e  sum of t h e s e  two volumes 

a r e  coun ted  i n  w e l l  c o u n t e r s  

(b) Tra r i s i t - t ime  measurements. T r a n s i t - t i m e  measu recen t s  a r e  b e s t  

done € o l l o v 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  of  t r a c e r ,  b u t  some i n f o r m a t i o n  

can  b e  o b t a i n e d  fo l lowing  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 
I 

m a l  1 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  t racer  s h o u l ~  b e  

used. The p a t i e n t s  own l a h e l e d  r e d  blood c e l l s  would be  i d e a l  f o r  t h i s  

pu rpose .  I 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  r educed  form (32)  

and "CO ( 3 3 ) .  The l a t t c 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 

performed 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 echn iques  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 .  

Various i n s t r u m e n i s  c a n  be  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  v i t h  t h e  Nuclear Data 50/50 Ned System can  be  used  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 m  i n  a p p r o p r i a t e  t ime 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  not 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  

I '  

p o s f 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  pu rpose .  

Usinz t h e  Ar,ger cnmcra-Kuclear Data systein a t y p i c a l  p l a n  would be as  

' 99m, f01 I O ~ \ ~ S .  A '00.1~s or' IC 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  



and t h e  turcor and su r round ing  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 con t inuous  r e c o r d i n g  on magnet ic  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 .  T h i s  would be  

fo l lowed  by a n  inc ravcnous  i n j e c t i o n  of "CO l a b e l e d  r e d  c e l l s  f o r  the 

flow measurements ,  a g a i n  wi th  con t inuous  r e c o r d i n g  o f  t h e  d a t a .  On r e p l a y ,  

t h e  r e g i o n  o f  i n t e r e s t  as 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 be  d e f i n e d  by drawing t h e i r  boundar i e s  w i t h  a l i g h t  

pen. The t i n e  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  a r e a s  p rov ides  t h e  

d a t a  needed f o r  coxpu t ing  t h e  t r a n s i t  t imes .  

would be improved through t h e  use  of  two oppos ing  cameras.' 

The accuFacy of t h i s  method 

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

lhis measurerncnt could  b e  ach ieved  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 menscrements ,  w i t h  t h e  r e c c 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 comparison wi th  a coun t  node wi th  a t i s s u e  e q u i v a l e n t  

phanton ,  t h e  f r a c t i o n  of t h e  i n j e c t e d  a c t i v t t y  which appea r s  i n  t h e  

tumor volume wou1.d be de te rmined .  From a b lood  sample t h e  f r a c t i o n  of 

a c t i v i t y  p e r  nl of b lood ,wou ld  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 c s  t h e  volume of blood i n  the tumor volume would  be c a l c u l a t e d .  

Again t h e  a n g c r  camcra-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 .  

(6) Elood flow r a t e s  

The tumor blood volume and t h e  t r a n s i t  time 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 n t i m  n e c e s s a r y  f o r  computing blood f lor? ra tes  i n  

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

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

c 
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r a t e ,  BFR = BV / TT. Tilc 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 scvera.1 f a c t o r s ,  p a r t 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  wi th  t h e  v a r i o u s  

c o u n t i n g  r a t e s  involvet l .  

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

As a f i r s t  app rox ima t ion  t h e  s t a n d a r d  d e y i a t i o n  

Thus t o  a c h i e v e  

a low 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  coun t .  

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 

of 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  dose  t o  t h e  p a t i e n t  

mus t  be kept  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 

I n  

of a c t i v i t y  a d m i n i s t e r e d  i s  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  t imes i n  t h e  dynamic s t u d i e s  r i l 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 2 1  coun t s  and consequent  r e l a t i v e l y  l a r g e  co;nting 

.. e r r o r s .  When s e v c r a l  pasc?mcters i n v o l v i n g  t h e s e  e r r o r s  a r c  combined, 

t h c  e r r o r s  a r e  a l s o  combined a d d i t i v e l y .  It is expec ted  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 less khan 5 t o  10 p e r  c e n t  i n  BV and  

TT, so  t h e  e r r o r  i n  t h c  b lood  f l o w  rate by t h i s  method 

t o  be  10 t o  20 por  c e n t .  

nlay be expec ted  

c 

- 14 - 



(e )  C lea rance  r a t e s .  Ihe u s e  of 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 of t i s s u e s .  

For measurement of 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  

I 

t i s s u e s  a r e  s a t ' u r a t c d .  Then t h e  washout r a t e  cou ld  be determined w i t h  the  

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. The advantage  of 

t h i s  sys tem i s  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  be s t u d i e d .  

I f  a p o s i t r o n  e m i t t e r  {79K,) i s  used t h e  32 d e t e c t o r  
. i' .. 

A l t e r n a t i v e l y  1 3 N  may be  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 .  N i t rogen  has  t h e  advantage  

of hav ing  a iower 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 s u e s  t h a n  does k ryp ton ,  and 

t h u s  t h e  wash o u t  t ime from t h e  body would be  s h o r t e r .  

These nicthod g i v e s  r e s u l t s  expres sed  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  be under taken  i 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 echn iques  mentioiied above i n  t h e  q u a n t i t a t i v e  

measurement of t h e  blood 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  of t h e s e  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 su l t s .  

w i t h  s t u d i e s  t o  be conducted i n  t h e  l a r g e r  l a b o r a t o r y  expe r imen ta l  a n i m a l s ,  

q e s e  s t u d i e s  would beg in  

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

expe r imen ta l  an ima l s  i t  w i l l  a l s o  b e  p o s s i b l e  t o  c r o s s  check  t h e  resu l t s  

of t h c  e x t e r n a l  coun t ing  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 z 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  ttie i n d i r e c t  methods. Cont ingent  on how promis ing  

t h e  procedures  developed a p p e a r  t o  b e ,  c l i n i c a l  trLais would f o l l o w .  

The blcdicc?l Rescarcl! Cen te r  i s  w e l 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  a n j ~ i ~ l  and a t  t h e  c l i n i c a l  l e v c l s .  The l a b o r a t o r i e s  arz 

e s p e c i a l l y  CJCI 1 s u p p l i c d  vj.tIi i - n d i a t i o n  d c t c r t i o n  and  computing eqcIpr::cr,t. 

b o o  1 0 2 1  - i5 - 
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Among t h e  f o r c s z e n b l e  a d d i t i o n a l  equipment r equ i r emen t s  i's a second 

Anger c a n e r 2  f o r  u se  i n  t h e  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  a tumor. The f o c u s i n g  c o l l i m a t o r s  t o  be used  w i t h  t h i s  

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

It i s  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 sed ,  t o  accomnodate t h e  more r a p i d  r a t e  of 

data 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  irhprove t h e  s p a t i a l  r e ' so lu t ion  

o f  t h e  system. The e x i s t i n g  v e r s i o n  of 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  use 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 c c t c 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. However, 

i t  can be r e b u i l t  t o  p rov ide  t h e  r e q u i r e d  c a p a b i l i t i e s .  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 fo r  h o l d i n g  i t  i n  posi t icrn.  

Animal S t u d i e s  -- ----__ 
With i? 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 imals  such as mice and  r a t s .  

Dogs, swine  and r a b b i t s  arc 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  c a s e  

of dogs,  c x p c r r e n c c  i n d j c a t e s  t h a t  a s u p p l y  of dogs wi th  tumors i s  a v a i l a b l e  

th rough  v e t c r i n a r i a n s  i n  t h e  l o c a l  c o n n u n i t i e s .  These may be  expec ted  t o  

i n c l u d e  a v a r i e t y  of ccircinonias and some sarcomas. For t h e  p r e s e n t  purposes  

t h e r e  arc advan tages  i n  working wi th  spon taneous ly  a r i s i n g  tumors r a t h e r  

t h a n  w i t h  t r ~ ~ l s p l a i ~ t e d  ones i n  t h a t  t h e  blood f low c h a r a c t e r i s t i c s  may be 

more l i k c  those  encoun te red  i n  p a t i e n t s .  I t  i s  proposed t h a t  t h e  deve lop-  

m e n t  work on the methods mentioned above ' be  conducted f i r s t  u s i n g  r a b b i t s  

and nonnal  dogs and measuring t h e  blood f l o w  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 .  
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Theil dogs w i t h  LuIi1ors w i l l  be s t u d i e d  by c o m p r i n g  the  blood flow ratcs  

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

C l i n i c a l  S t u d j ~ s  

Kheu 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  ga ined  i n d i c a t e s  t h a t  a r e a s o n a b l e  deg ree  of s u c c e s s  

i s  t o  bc expec ted  i n  measuring the  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  be i n i t i a t e d .  The p r o t o c o l s  f o r  such  expc r imen 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 be i n c u r r e d  by 

, the p a t i e n t s  will be developed as e x t r a p o l a t i o n  from t h e  an imal  e x p e r i -  

ence  . 
Befor:c be ing  p u 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  reviewed 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  committee. 

Thc es:ablishecl procedures  a t  BhZ f o r  such  review i n c l u d e  o b t a i n i n s  

a s s u r a n c e  t h a t  w r i t  ten informed consent  s t a t e m e n t s  w i l l  be r e q u i r e d  

f o r  any si1bjec.t t o  p a r t i c i p a t e  i n  t h e  s t u d y ,  t h a t  except  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  not  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 the  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  

bc k e p t  t o  t h e  niinimum 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  any  even t  below t h e  exposure  l i m i t s  recommended by the  ICRP, t h e  NCm, 

t h e  AEC and by  t h e  l o c a l  committees 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  necessa ry  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 no t  as y e t  been 

o b t a i n e d  bccausc  i t  is d e s i r e d  t h a t  the  an imal  phase of t h e  program be 

comple ted  f i r s t  s o  t h a t  i n  t h e  p roposa 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  t h e  

methods t o  be u s e d  and t h e  p r o t o c o l s  f o r  the  procedures  can  be  d e s c r i b e d  

more d c f i n i  t i v c l y  . 



, 

It c a n  b e  e:rpectcd t h a t  a w i d e  v a r i e t y  of tumors w i l l  become a v a i l a b l e  

f o r  s t u d y  thyough 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  the  l o c a l  

conmiunities . 
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 

Lung, abdominal and i n t r a c r a n i a k  tumors a r e  perhaps  of t h e  

a l s o  b e  g a i n e d  L y  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 c a n  b e  done w i l l  be 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  to. be  

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

Xn 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  be  a d m i t t e d  t o  t h e  BNL 

h o s p i t a l  f o r  .I fet7 days and then  r e t u r n e d  t o  t h e  c a r e  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  be conducted t o  

conf i rm 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 s r r i n g  p h y s i c i a n  a n d  t o  

i 

f u r t h c r  d e f i n e  Lhe tumors l o c a t i o n  b e f o r e  t he  blood f low measurements 

a r e  attc!nptecl.  I h e n  p o s s i b l e  more than  one of t h e  methods under s t u d y  

w i l l  be 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  is  f e a s i b l e  t o  t a k e  

m e a s u r e w n t s  by two d i f f e r e n t  methods w i t h  a s i n g l e  r q 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  be  done f o r  comparison of t h e  methods. 

. 
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S t  k 1 - YEAR BUDGET 

Per s onn c 1 

J. S. Rober tson ,  M.D. ,  Ph. D. 

H. L. A t k i n s ,  11. D. 

H. E. Hart, Ph. D. 

L a b o r a t o r y  Techn ic i an  

L z b o r a t o r y  Techn ic i an  

S e c r e t a r y ,  ( h a l f -  t ime) 

T o t a l  Labor 

i . .  

Propos cd 
Grant 
S a l a r y  

9,000 
8,600 

3,500 

$21,100 

% 
E f f o r t  
c__ 

20% 

10% 

8%. 
100% 

100% 
50% 

F r h g e  B e n e f i t s  @ 16% 3,400 

$24,500 

Materials + S u p p l i e s  

50 R a b b i t s ,  15 dogs and 2,000 

Is0 topes 5,000 
Ea i n t ena  xic e 

Exp endrtb IC s:ipp 1 i e s  2,000 

subtotal' $ 9,000 

- C a p i - t n l  Equipment 

Anger Caiiicra 
Nuclear -Chicago  Pho-Gama 40,000 

. subtotal $40,000 

T e c h  i c a  1 S e r v i c e s  

F o c u s i n g  C o l l i m a t e r  Sys tern 

Modify P o s i t r o n  D e t e c t o r  f o r  
G e n e r a l  Cody Use 

$20,000 

6,000 

I n z c r f a c i n g  of  Nuclear Data 
38,000 

C y c l o t r o n  t ime f o r  1311 5,000 

Coziputer  Progranixing 7,000 

Sys tern to  "Brookne tt' 

Computer Time 2,000 

Pho tograptly 1,000 - . 

s u b t o t a l  $73,ooo 
- -- . 

I 

i i 0 0  I 0 3 5  
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SI: 
1 - YEAR BUDGET (Cont'd.) 

Trrr vc 1 

Hospital Services  

-- 600 

--- 

Genera l  and Administrative casts 

(not Ir.cludi.;..g Capital Equipment) 
a &  35% of D i i c c t  Costs  

. 39,600 ~ 

s t  Total 1- Year Budget 192,700 
including overhead 

P c r s onn e 1 

ESTm4TED 3 Y E M  BUDGET 
st nd 1- Year 2- Year 

21,100 22,500 

,rd Year 

24,000 

Fringe Bcnefits 
@ 16X 

3,400 3,600 3,800 

~~ ~ - - 

M a t e r i a l s  4- Supylies 9,000 9,200 10,200 

-- 
Technical Services  79,000 29,000 15,500 

Travel 600 600 600 

- 
--- 10,000 20,000 Hospital Services 

Subtotal 113,100 74,900 74,100 

- 
39,600 26,200 25,900 O v e r h c d  (3- 35% 

C a p i t a l  Equipment 40,000 --- --- 

TOTAL . 192,708 101,100 100,003 

TOTi?i. 3 YEAR CWdT BLTDGE'JI: 393,860 
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