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1. Dosimetr ic  P r o p e r t i e s  of a New L i v e r  Scanning Agent 

A. I n t r o d u c t i o n  

We have c a r r i e d  ou t  organ d i s t r i b u t i o n  s t u d i e s  of a new l i v e r  s cann ing  
agent  on f o u r  normal male v o l u n t e e r s .  
Radiopharmaceut ical  L a b o r a t o r i e s ,  i s  a technet ium l a b e l l e d  stannous c o l l o i d  
prepared  w i t h  s tannous  e t h a n o l a t e s  (TcSnC). The p o t e n t i a l  advantage of t h i s  
compound ove r  o t h e r  more commonly used l i v e r  imaging agen t s  i s  i t s  ease o f  
p r e p a r a t i o n  and t h e  s t a b i l i t y  o f  t h e  l a b e l l e d  compound. 

The a g e n t ,  developed by t h e  Abbott 

B. Materials and Methods 

Each of t h e  f o u r  v o l u n t e e r s  were i n j e c t e d  with approximately lmCi of 
999c-SnC. Blood samples  were t a k e n  at  15 minutes ,  2, 6 ,  and 24  hours .  Whole 
body counts  were made a t  15 minu tes ,  2 ,  6 ,  and 24 hours  and q u a n t i t a t i v e  whole 
body r e c t i l i n e a r  s cans  were made a t  1, 6 ,  and 24 hours .  The blood samples were 
counted i n  an  automated w e l l  c o u n t e r  r e q u i r i n g  a t  least  10,000 counts  above 
background p e r  sample. The r e s u l t s  were expressed  as a f r a c t i o n  of t h e  i n j e c t e d  
dose  p e r  ml of whole blood a f t e r  c o r r e c t i o n  f o r  p h y s i c a l  decay of  t h e  Tc-99m. 
The whole body coun t s  were expres sed  as a f r a c t i o n  o f  t h e  i n i t i a l  measurement-- 
(15 minute measurement). The q u a n t i t a t i v e  whole body s c a n s  were used t o  estimate 
t h e  f r a c t i o n  of t h e  i n j e c t e d  material i n  t h e  l i v e r ,  s p l e e n ,  and bone marrow. 
Regions of  i n t e r e s t s  (ROI) were s e l e c t e d  from d i g i t a l  whole-body images d i sp layed  
i n  a 64 x 64 image format .  The i n t e g r a t e d  coun t s  i n  t h e  ROI'S from t h e  dua l  
opposed d e t e c t o r  s canne r  images w e r e  used t o  de te rmine  t h a  geometr ic  mean (GM) 
counts  of a ROI .  (The geometr ic  mean i s  t h e  s q u a r e  r o o t  of t h e  product  of  t h e  
counts  from t h e  t o p  and bot tom d e t e c t o r s . )  
then expressed  as a f r a c t i o n  o f  t h e  to ta l -body GM counts .  
then expressed  as a f r a c t i o n  of t h e  admin i s t e red  dose  by way of t h e  whole body 
count  measurements. The coun t s  f rom each ROI were c o r r e c t e d  f o r  background 
be fo re  computing t h e  GM. 

The GM coun t s  of each R O I  were 
Those f r a c t i o n s  were 

The d a t a  from t h e  f o u r  s t u d i e s  were grouped t o g e t h e r  t o  form a s i n g l e  
d a t a  se t .  The d a t a  from t h e  b lood ,  to ta l -body,  l i v e r  and sp leen  ROI'S were 
used t o  o b t a i n  t h e  e q u a t i o n s  f o r  t h e  b i o l o g i c a l  r e t e n t i o n  of t h e  compound. 
The equa t ions  were expressed  i n  t h e  form of a sum of exponent ia l s .  

C. Absorbed Radia t ion  Dose Estimates 

1. B i o l o g i c a l  Data 

The dose estimates were based  upon t o t a l  body, blopd and organ c o n t e n t  
measurements de r ived  from blood sampl ing  and external  measurements of t h e  
r a d i o a c t i v i t y .  The r e s u l t s  of t h e s e  measurements are summarized i n  Table  1. 
The r e s u l t s  are p resen ted  as t h e  mean of  t h e  measurements from t h e  fou r  s t u d i e s .  

The blood pool  a c t i v i t y  was de r ived  u s i n g  blood volume e s t i m a t e s  based 
UPOR body weight f o r  normal a d u l t  males. 
a c t i v i t y  was determined by assuming t h a t  t h e  marrow conta ined  a l l  a c t i v i t y  n o t  
r e s i d i n g  i n  t h e  l i v e r  and s p l e e n  o r  i n  c i r c u l a t i o n .  Equations 1-5 are  t h e  
r e s u l t i n g  r e t e n t i o n  f u n c t i o n s .  

The upper l i m i , t  of t h e  marrow 

1 0 3 4 1 1 0  
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1 1 ,  I '  

ORGAN 

Blood 
Total body 
Liver 
Spleen 
Marrow 

, 

2 
0.34 
8.70 
4.61 
2.26 
1.13 

2. Nuclear Data 

TABLE I1 

Physical Properties 

3 

Radionuclide 99mTc 

Physical half-life 6 . 0 3  hours 

Decay Constant 0.1149 hours-' 

A (equilibrium dose 0 .0369  g. rad/l.iCi.hour 
constant for non-penetrating 
radiation) 

Principal Photons 

Ei, energy 

ni, mean number/dis. 

* Weighted mean energy of k-x-rays. 

TABLE I11 

Ei ni 
0.0186* 0.077 

0.1405 0.879 

. ... .* 
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Table I V  

, Average Does Equivalent per Unit 

Accumulated Activity (rad/pCi . day) 

Target/Source Blood Total  Body Liver Spleen R .  Marrow 

Liver --- 5.21 x 1.10 x 2.36 x 2.21 x 

Spleen --- 5 . 3 0  x 2.20 x 7.99 x 2.21 x 
R. Marrow --- 6.92 x 3.88 x 4 . 1 1  x 7.55 x 

Total Body --- 4 . 6 9  x 5.38 x 5.37 x 5.21 x 
Testes --- 3 . 9 8  x 1.50 X 1.16 X 1.09 X 

* 
--- --- --- Blood 7 . 3 8  X --- 

* Nonpenetrating radiation only--(Blood Mass = 5000g) 

IO311 I 3  
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D. Summary of Dose Estimates 

The decay c o r r e c t e d  b i o l o g i c a l  r e t e n t i o n  curves  For 99mTc-SnC a r e  
p re sen ted  i n  F igure  1. A number o f  conc lus ions  may be  drawn from t h e s e  d a t a :  

1. The TcSnC appea r s  t o  be  s t a b l e  w i t h i n  t h e  body. Measurements a t  1 
and 6 hour s  showed very  l i t t l e  d i f f e r e n c e ,  s u g g e s t i n g  no e x c r e t i o n  o r  
r e d i s t r i b u t i o n .  T h i s  would i n d i c a t e  t h a t  t h e  t iming  of t h e  d i a g n o s t i c  imaging 
procedure  i s  n o t  c r i t i c a l  a t  least  w i t h i n  a t i m e  pe r iod  of  up t o  6 hour s  a f t e r  
i n j e c t i o n .  

2. The organ d i s t r i b u t i o n  of  TcSnC i s  s i g n i g i c a n t l y  d i f f e r e n t  t han  t h e  
expec ted  d i s t r i b u t i o n  of  Tc - su l fu r  c o l l o i d  ( i n  normal s u b j e c t s ) .  As r e p o r t e d  
i n  t h e  Mird r e p o r t  (J. Nuc. Med. ( 1 6 ) ,  1975, 0. 108) t h e  l i v e r ,  s p l e e n  and 
r e d  marrow account  f o r  85, 7 and 5 p e r c e n t  of  t h e  admin i s t e red  dose ,  r e s p e c t i v e l y .  
This compares wi th  52 ,  26,  and 13  r e s p e c t i v e l y ,  f o r  TcSnC. 
on Tc S u l f u r  Co l l iod  i n  o u r  l a b o r a t o r y ,  u s i n g  t h e  same i n s t r u m e n t a t i o n  as was 
used for  the c u r r e n t  s t u d y ,  y i e l d e d  a range  of  l iver  t o  s p l e e n  r a t i o s  of 2.7-14.1. 
T h i s  compares t o  a range o f  1.7-2.7 f o r  ou r  c u r r e n t  s tudy .  The i n c r e a s e d  sp leen  
a c t i v i t y  can  also be a p p r e c i a t e d  from t h e  l i v e r / s p l e e n  images shown i n  F igu re  2.  
I n  each  s u b j e c t  s i g n i g i c a n t  marrow uptake  was seen  on t h e  image. T h i s  f i n d i n g  
i s  c o n s i s t e n t  wi th  t h e  c a l c u l a t e d  marrow uptake  of  13% i n  comparison t o  5 
p e r c e n t  f o r  Tc s u l f u r  c o l l i o d .  
p r e s e n t e d  by t h i s  agen t  means t h a t  d i a g n o s t i c  c r i t e r i a  determined from T c  
s u l f u r  c o l l o i d  images can n o t  be  a p p l i e d  when r ead ing  images made w i t h  TcSnC. 

Earl ier  measurements i 

The d i f f e r e n t  "expected" o r  "normal" d i s t r i b u t i o n  

The d i f f e r e n c e  i n  t h e  organ  d i s t r i b u t i o n  p a t t e r n s  re la t ive  t o  Tc s u l f u r  
c o l l o i d  is  r e f l e c t e d  i n  t h e  dose  estimates f o r  t h e  two compounds (summarized i n  
Tables  V and V I ) .  L i v e r ,  gonadal  and t o t a l  body doses  are dec reased  wh i l e  
s p l e e n  and r e d  m a r r o w  doses  are inc reased .  The most s i g n i g i c a n t  d i f f e r e n c e s  
be ing  approximately a f a c t o r  of 3 f o r  t h e  s p l e e n  and a f a c t o r  of 2 f o r  t h e  r ed  
marrow. 

L - -. ..ir , , , i*. . r3: 
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Table V I  

Comparison of Average Dose (rad/mCi admin i s t e red )  

(Norma Is) 

TcSnC Tc S u l f u r  Col loid* 

0.214 0.34 

0.757 0.21 

Live r  

Spleen 

R. Marrow 0.047 0.027 

Testes 0.0009 0.0011 

Tot  a1 Body 0.0174 0.019 

* Mird r e p o r t  J .  Nuc. Med. (16) 1975, p .  108 
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2. Comparative Dosirnet ry o f  I o d o c h o l e s t e r o l  Adrena l  Scanning Agents 

The development of  1-131-19 i o d o c h o l e s t e r o l  (19TC) as an  a d r e n a l  scanning  
agen t  by Beierwaltes and c o l l e a g u e s  a t  t h e  U n i v e r s i t y  of Michigan provided an 
impor tan t  t o o l  f o r  d i agnos ing  and l o c a l i z i n g  a d r e n a l  d i s e a s e .  Unfo r tuna te ly ,  
photon d e n s i t i e s  are  low and s i g n i f i c a n t  r a d i a t i o n  doses  were a s s o c i a t e d  w i t h  
t h e  procedure .  

I n  1974,  w e  c a r r i e d  o u t  s t u d i e s  i n  24 abnormals  ( a d r e n a l  d i s e a s e )  and 6 
normals  t o  measure t h e  t ime- re t en t ion  k i n e t i c s  and a s s o c i a t e d  r a d i a t i o n  dose . 
from 19IC. The r e s u l t s  o f  t h i s  work were i n c l u d e d  i n  a n  e a r l i e r  report. 
S ince  t h a t  time i t  h a s  become a p p a r e n t  t h a t  t h e  material ob ta ined  from t h e  
Pheonix L a b o r a t o r i e s  w a s  contaminatef  
i o d o c h o l e s t r o l  compound, namely t h e  
These two compounds have now been  s e p a r a t e d ,  and S e a r l e  is  p lann ing  t o  d i s t r i b u t e  
t h e  19IC, wh i l e  Phoenix Lab i s  p r e p a r i n g  t o  d i s t r i b u t e  6NC f o r  a d r e n a l  
v i s u a l i z a t i o n  s t u d i e s .  

i t h  v a r y i n g  amounts of a second 
I-6-iodo methyl n o r c h o l e s t o r o l  (6NC). 3Y 

We have c a r r i e d  o u t  s t u d i e s  on approximate ly  25 p a t i e n t s  w i th  v a r i o u s  
a d r e n a l  d i s o r d e r s  u s i n g  t h e  S e a r l e  19IC agen t  w i t h  approximate ly  10 o f  t h e s e  
p a t i e n t s  having r e p e a t e d  s t u d i e s  a f t e r  be ing  p l a c e d  on medical  therapy .  The 
r e su l t s  of  t h e  organ d i s t r i b u t i o n  measurements and t h e  r e l a t e d  r a d i a t i o n  dose 
estimates a r e  p r e s e n t e d  i n  Tab le  1-9 and F i g u r e s  1-7. R e p r e s e n t a t i v e  examples 
o f  t h e  a d r e n a l  images are shown i n  F igu re  8. 

s' 

Recent ly  w e  have a c q u i r e d  shipments  of  t h e  6NC compound and have made 
All f o u r  p a t i e n t s  had been s t u d i e d  e a r l i e r  w i th  measurements on 4 p a t i e n t s .  

t h e  S e a r l e  19IC a g e n t .  
a d r e n a l  images ( F i g u r e  8) h a s  been remarkable.  However, t h e  b i o l o g i c a l  
r e t e n t i o n  of t h e  new a g e n t  r e l a t i v e  t o  t h e  19IC a g e n t  appea r s  t o  be s i g n i f i c a n t l y  
g r e a t e r .  (A comparison of t h e  19IC w i t h  t h e  6NC f o r  t h e  t o t a l  body, l i v e r ,  
l e f t  upper q u a d r e n t ,  G . I . ,  t h y r o i d ,  and rec tum and b l adde r  r e g i o n s  can be  
found i n  F igu res  1-7.) 

The improvement of t h e  d i a g n o s t i c  q u a l i t y  of  t h e  

S ince  t h e  p r e l i m i n a r y  r e s u l t s  w i th  t h e  6NC compound look so  promis ing  
from t h e  c l i n i c a l  s t a n d p o i n t ,  i t  appears  t h a t  t h i s  compound w i l l  become t h e  
favored  a d r e n a l  imaging agen t .  
ou r  p re l imina ry  s t u d i e s  t h a t  i n d i c a t e  a s u b s t a n t i a l l y  i n c r e a s e d  r a d i a t i o n  dose 
p e r  u n i t  o f  admin i s t e red  a c t i v i t y ,  w e  f e e l  t h a t  i t  i s  essent ia l  to  o b t a i n  a 
d e t a i l e d  knowledge of t h e  o rgan  d i s t r i b u t i o n  and metabol ic  f a t e  o f  t h i s  new 
pharmaceut ica l .  I n  c o o p e r a t i o n  wi th  Dr. John H o l l i f i e l d  from t h e  Department 
of Endocrinology,  w e  a r e  p r e p a r i n g  t o  s tudy  an a d d i t i o n a l  20 p a t i e n t s  u s i n g  a 
r e v i s e d  p ro toco l  d u r i n g  t h e  n e x t  year .  The  z'evised p r o t o c o l  Is bc ing  implemented 
t o  a s c e r t a i n  whether  o r  n o t  d i a g n o s t i c  q u a l i t y  images can be  ob ta ined  a t  ea r l ie r  
times than  were r e q u i r e d  f o r  t h e  19IC agen t  (7 t o  11 days) .  
w i l l  propose a r e d u c t i o n  of t h e  admin i s t e red  a c t i v i t y  which w i l l  r e s u l t  i n  a 
r e d u c t i o n  i n  t h e  r a d i a t i o n  abso rbed  dose.  

I n  view of t h i s  wi th  t h e  added in fo rma t ion  from 

I f  p o s s i b l e ,  w e  - 
w 
c 
J Radia t ion  absorbed  dose  estimates have been completed on t h e  19IC compound. - Pre l imina ry  dose c a l c u l a t i o n s  have a l s o  been made f o r  t h e  6NC compound. It should  
A3 

. &  

be p o i n t e d  ou t  t h a t  t h e  6NC r e s u l t s  are p r e l i m i n a r y  and are based on a l i m i t e d  
number of measurements. More d a t a  w i l l  be for thcoming d u r i n g  t h e  coming year .  

t The fo l lowing  two s e c t i o n s  d e t a i l  t h e  b i o l o g i c a l  d a t a  and develop  t h e  
ons and co r re spond ing  dose estimates f o r  t h e  comparison of t h e  o 

t w o  compou n w r .  
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P r e v i o u s  does estimates have been made u s i n g  t h e  model of c h o l e s t e r o l  
k i n e t i c s  proposed by Bernard and Hayes. 
compartmental  model which assumes i n s t a n t a n e o u s  up take  o f  t h e  mater ia l  i n  t h e  
l i v e r  w i t h  an  u n i d i r e c t i o n a l  f low i n  sequence through t h e  small i n t e s t i n e  f i r s t  
and t h e n  through t h e  l a r g e  i n t e s t i n e  e x i t i n g  i n  t h e  f eces .  T h e  model assumes 
no r e f l u x ,  r e t e n t i o n  o r  t r a n s f e r  o f  a c t i v i t y  a c r o s s  the  i n t e s t i n e  w a l l .  

The model (shown below) i s  a c a t e n a r y  

. 
1 day 4/24 days  13/24 days 2 4 / 2 4  days 

lower l a r g e  ___, small upper  l a r g e  
i n  tes  t i n e  - i n t e s t i n e  i n t e s t i n e  ___, L i v e r  

U t i l i z i n g  t h e  d a t a  p r e s e n t e d  i n  F i g u r e s  1-8, we  have g e n e r a t e d  t h e  d a t a  
p r e s e n t e d  i n  F i g u r e  9 i n  an e f f o r t  t o  s u b s t a n t i a t e  t h i s  model. 
have gene ra t ed  t h e  l i v e r  and i n t e g r a t e d  e n t i r e  G.I. tract a c t i v i t y  cu rves .  
The cu rves  were gene ra t ed  assuming t h e  l i v e r  and r i g h t  upper quadran t  d a t a  on 
day 0 c o n s t i t u t e d  l i v e r  a c t i v i t y  and t h a t  t h e  sum of t h e  l e f t  upper  q u a d r a n t ,  
m i d  G.I., and t h e  rectum a t  a l l  o t h e r  measurements c o n s t i t u t e d  i n t e g r a t e d  G.I. 
a c t i v i t y .  The r e s u l t i n g  cu rves  showed amazingly good agreement w i t h  t h e  model 
p r e d i c t i o n .  The l i v e r  was found t o  have  a n  up take  of approximately 72% w i t h  a 
monoexponential  r e l e a s e  of t h e  a c t i v i t y  w i t h  a h a l f - l i f e  of approx ima te ly  1 
day. 
w i t h  a subsequent  monoexponential  decay of approximately 1.5 days.  

I n  F i g u r e  9 ,  w e  

The G.I. a c t i v i t y  w a s  obse rved  t o  have a delayed peak o c c u r i n g  a t  day 1 

The t o t a l  body r e t e n t i o n  c u r v e  a l s o  c o r r o b o r a t e s  thc l i v e r  measurement 
by d i s p l a y i n g  an e x p o n e n t i a l  component w i t h  an approximately 2 d a y  h a l f - l i f e  
and an  in te rcept  06 approx ima te ly  70%. 
t h e  material t h a t  is  e l i m i n a t e d  v i a  t h e  G . I .  t r a c t  (72%). The r ema in ing  
a c t i v i t y  (28%) was assumed t o  b e  %un i fo rmly  d i s t r i b u t e d  i n  t h e  t o t a l  body and 
e l i m i n a t e d  via  t h e  u r i n e  w i t h  a b i o l o g i c a l  h a l f - l i f e  of 1.5 days.  

T h i s  i s  i n t e r p r e t e d  as t h e  f r a c t i o n  O f  

The t h y r o i d  d a t a  was used  t o  estimate an  average up take  o f  % 1%. I t  
w a s  assumed t o  have an e f f e c t i v e  h a l f - l i f e  e q u a l  t o  the' p h y s i c a l  h a l f - l i f e .  



The a d r e n a l  a c t i v i t y  was t a k e n  to be 0.1%. 
samples and were assumed t o  come from a normal s i z e d  g l a n d  of 16 g. 
e f f e c t i v e  h a l f - l i v e  was a l s o  t a k e n  t o  b e  e q u a l  t o  t h e  p h y s i c a l  h a l f - l i f e .  
Having e s t a b l i s h e d  t h e  c o n s i s t e n c y  of t h e  model f o r  t h e  19IC a g e n t ,  t h e  model 
w a s  used t o  de t e rmine  t h e  f o l l o w i n g  cumula t ive  a c t i v i t i e s  f o r  t h e  l i v e r ,  small 
and l a r g e  i n t e s t i n e s .  

These d a t a  were based upon s u r g i c a l  
The 

Cumulat ive A c t i v i t y  

1311-191C 

) 
?, U C i  . hours  

Organ A (pCi a d m i n i s t e r e d  

T o t a l  Body 

L i v e r  

Thyroid 

Adrena l s  

Small  I n t e s t i n e  

U. Large I n t e s t i n e  

L. Large I n t e s t i n e  

12.7 

22.5 

2.8 

0.28 

3.81 

11.02 

18.10 

The cumulat ive a c t i v i t y  w a s  then used a l o n g  w i t h  n u c l e a r  d a t a  shown T a b l e 8  . 
To g e n e r a t e  t h e  c o n t i n u a t i o n  of t h e  p e n e t r a t i n g  and non . p e n e t r a t i n g  components 
of t h e  absorbed dose.  The r e s u l t s  of t h e s e  c a l c u l a t i o n s  a r e  shown i n  t a b l e  2 

and summarized i n  T a b l e 3  . 
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Dose Summary ( r j  rad/mCi) 
(19-IC) 

- I - 
0 r gan DP DnP D total 

Total Body 0.330 0.075 0.405 

Liver 1.756 5.06 6.82 

S.I. Wall 0.920 0.928 1.848 

ULI Wall 1.584 10.90 12.48 

L L I  Wall 2.800 23 .4  26 .2  

Thyroid --- 58.2 58 .2  

Adrenal --- 7.3 7.3 

1 0 3 4 7 2 5  



11. 1311-6 Iodomethyl N o r c h o l e s t e r o l  (6NC) 

I n i t i a l  a t t e m p t s  a t  dose  e s t i m a t e s  f o r  t h e  6NC agent  p a r a l l e l e d  t h e  
approach used f o r  t h e  19IC a g e n t ,  namely  t o  u s e  t h e  model of B e r n a r d  and 
Hayes ( s e e  t h e  s e c t i o n  on 19IC).  
d a t a  were i n c o n s i s t e n t  w i t h  t h e  model .  
t h e  6NC agen t  as was p r e s e n t e d  e a r l i e r  f o r  t h e  19IC agen t  i n  F i g u r e  10. 
l i v e r  i n  t h e  compound e x h i b i t s  a d i s t i n c t  two component behavior  w i th  t h e  longe r  
component be ing  'L 7 days.  
t r a n s i t  (T4 % 6 d a y s ) .  
r e t e n t i o n  p resen ted  i n  F i g u r e  1. 
a n o t h e r  m e t a b o l i c a l l y  independen t  sou rce  o f  a c t i v i t y  inc luded  i n  t h e s e  r e g i o n s  
o f  i n t e r e s t  o r  a more compl i ca t ed  f low through t h e  G . I .  t r a c t .  
a b s o r p t i o n  o r  adherance  o f  t h e  compound i n  t h e  i n t e s t i n e s .  

F u r t h e r  a n a l y s i s  i n d i c a t e d  t h a t  t h e  6NC 
Figure  11 is  t h e  e q u i v a l e n t  data  f o r  

The 

Likewise t h e  G . I .  t r ac t  e x h i b i t s  a s imilar  long  te rm 

The d a t a  sugges t  t h e  presence  of  e i t h e r  
These  d a t a  are a l s o  co r robora t ed  by t h e  to ta l -body 

P o s s i b l e  

Because o f  t h e s e  o b s e r v a t i o n s  w e  are i n v e s t i g a t i n g  o t h e r  models i n  an 
e f f o r t  t o  o b t a i n  a s e l f  c o n s i s t e n t  d e s c r i p t i o n  of the  d a t a .  
an  a p p r o p r i a t e  model, w e  have made p r e l i m i n a r y  estimates of t h e  dose  t o  t h e  
t o t a l  body, l i v e r ,  a d r e n a l s ,  and t h y r o i d  u s i n g  sums. o f  exponen t i a l$  t o  d e s c r i b e  
t h e  r e t e n t i o n  f u n c t i o n s .  

With t h e  l a c k  o f  

-0.693 
1.5 

T o t a l  Body = 9.24e 

0.693 
1.0 

0.693 
7.0 

- -  
- -  

e 

L i v e r  ( t )  = 0.68e + 0.08e 

- 0 . O t .  
Thyroid = 0.01e 

Using t h e  above r e t e n t i o n  e q u a t i o n s  and t h e  n u c l e a r  d a t a  p re sen ted  i n  
Table  8 ,  r a d i a t i o n  dose  estimates were c a l c u l a t e d .  
c a l c u l a t i o n s  are p r e s e n t e d  i n  summary i n  Table5-6. 

The r e s u l t s  of  t h e s e  

C. Comparison o f  19IC and 6NC 

A number of p r e l i m i n a r y  aonc lus ions  may b e  drawn based upon t h e  comparison 
of t h e  organ d i s t r i b u t i o n  and b i o l o g i c a l  r e t e n t i o n  of  t h e  two compounds. 
should  be po in ted  o u t  t h a t  t h e  r e s u l t s  of t h e  6NC compound are s t i l l  p re l imina ry  
and may change w i t h  a d d i t i o n a l  measurements. 

I t  

1. The 19IC compound a p p e a r s  t o  obey t h e  c lass ica l  cantonary  model o f  
G.I. t r a n s f e r .  The l i v e r  was observed t o  approximate a c lass ica l  compartmental  
system w i t h  a monoexponent ia l  t r a n s i t .  
p re sen ted  a l i ve r  r e t e n t i o n  d i s p l a y i n g  a t  b e s t  a two component c l e a r a n c e  making - i t  i n c o n s i s t c n t  w i t h  tlie c l a s s i ca l  mode. The q u e s t i o n  a r i w s  as whethcr  
me tabo l i c  p a t h s  have been  i n c l u d e d  i n  t h e  l i v e r  r eg ion  of i n t e r e s t .  

W p a r t i c u l a r  does the i n c r e a s e d  a d r e n a l  a c t i v i t y  now i n t e r f e r e  w i t h  t h e  l i v e r  
c measurement. As w i l l  be  d i s c u s s e d  l a t e r ,  w e  a r e  a t tempt inR t o  r e s o l v e  the 
3 l i v e r  from t h e  a d r e n a l  u s i n g  a l o n g i t u d i n a l  tomographic scanne r .  T h e  doses  w e  
h3 have c a l c u l a t e d  have  assumed t h e  l i ve r  measurement t o  b e  f r e e  o f  o t h e r  

The 6NC compound on t h e  o t h e r  hand 

I n  

o v e r l a p p i n g  pools.  

2 .  
t h e  G . I .  sy6tem. 
e v e r  reason)  a l l  serves t o  i n c r e a s e  t h e  dose  p e r  u n i t  of admlnis tere?f*act tvl ty  

The 6NC a p p e a r s  t o  have a l a r g e r  f r a c t i o n  of t h e  material going t o  
T h i s  fact coupled with  t h e  i n c r e a s e d  r e t e n t i o n  (due t o  what 
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Table 5 

. 

Or g m  

T o t a l  ‘Body 

L ive r  

Thyroid 

Adrenal 

Cu inda t ive  . ‘ . c t i v i ty  

6NC 

% U C i  . hour  
A pC i 

10.9 

3 3 . 0  

2 . 8  

--- 

Table 6 

Dose Summary 

( D  rad/mCi) 

6NC 

- 

Organ 

T o t a l  Body 

L i v e r  

Tliyroid 

0 .121  0 .064  

2.40 7.59 

_-- 58.2 

- 
D t o t a l  

0.19 

9 . 9 9  

58 .2  

Table  7 

Dose Comparison 

Organ 

T o t a l  Body - 
a L i v e r  
w 
.E Thy r o  i d  
d 

S.I. p.3 

Q) 

U . L . I .  

.. *jr L.L . I .  

D (rad/mCi admin i s t e red )  

19IC 

0.045 

6.82 

58.2 

1.85 

12.5 

- - 26.2 ’  

6NC 

0.19 

9.99 

58.2 

--- 
--- 
c- 



r e l a t i v e  t o  t h e  19IC agen t .  As shown in Table  7 , t h e  dose  t o  t h e  l i v e r  from 
t h e  6NC i s  inc reased  by approximate ly  a f a c t o r  of  1 .6  o v e r  t h e  l i v e r  dose f rom 
19IC. We a n t i c i p a t e  a commercial ly  i n c r e a s e d  dose t o  the  sarn l l  and l a r g e  
i n t e s t i n e s .  

3 .  T h e  uptake of  t h e  6NC i n  t h e  a d r e n a l s  i s  much g r e a t e r  than  t h a t  of 
t h e  19IC. Although tliis l e a d s  t o  l a r g e r  doses  i f  one c o n t i n u e s  t o  u s e  t h e  
same l e v e l  o f  i n j e c t e d  dose--the n a t u r a l  c o u r s e  is t o  r educe  t h e  l e v e l  of t h e  
ad minis  t e red  ac  t i v i  t y  . 

, 

1 0 3 4 7 2 9  w li I. *z, 
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1 0 3 4 1 3 4  

Nuclear Data ( N R D  Pamphlet No. 2 1  

131 I 
Radionucl  i d c  

I ' l iys ical  I i a l f - l i  te  8.05 d a y s  

Decay Cons tan t  
-3 -1 

3.59 X 10 hour s  

A ( e q u i l i b e r i u m  dose c o n s t a n t  

f o r  n o n p c n t r n t i n g  

r a d i a t i o n )  0.4135 UCi . hour  
p . rad 

E i ,  ene rgy  

A i  ( e q u i l i b r u i m )  

(dose  cons t 311 t 1 

p r i n i c p l e  Photons 

Ei h i  

0.0801 0.0030 

0.1772 0.0005 

0 . 2 8 4 3  0.0288 

0.365 0.6477 

0.5 - 0.72 0.1211 

K X-rays 0.0030 
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3. Renal  Dosimetry 

I n  our  ongoing i n t e r e s t  t o  assess t h e  r a d i a t i o n  dose  a s s o c i a t e d  wi th  
r o u t i n e  d i a g n o s t i c  p rocedures ,  w e  have become p a r t i c u l a r l y  i n t e r e s t e d  i n  t h e  
d o s i m e t r i c  problems a s s o c i a t e d  w i t h  inhomogenous r a d i o i s o t o p i c  d i s t r i b u t i o n s .  
Inhomogenous d i s t r i b u t i o n s  a r e  f r e q u e n t l y  encountered i n  1-131 h i p u r a n  renograms 
of t r a n s p l a n t e d  kidneys.  The t r a n s p l a n t e d  kidney is  prone  t o  u r i n e  f low 
o b s t r u c t i o n s  r e s u l t i n g  i n  pro longed  c l e a r a n c e s  of t h e  l a b e l l e d  h ippuran .  I n  
p a r t i c u l a r  t h e  r e n a l  p e l v i s  (a r e l a t i v e l y  small f r a c t i o n  o f  t h e  e n t i r e  r e n a l  
m a s s )  may r e t a i n  e s s e n t i a l l y  t h e  e n t i r e  i n j e c t e d  a c t i v i t y  f o r  an  extended 
p e r i o d  of time. During t h e  p a s t  y e a r  w e  have a t tempted  t o  e s t a b l i s h  mechanisms 
and developed computer programs t o  a c q u i r e  t h e  d a t a  n e c e s s a r y  t o  make rea l i s t ic  
dose  estimates f o r  t h e  r e n a l  p e l v i s  from r o u t i n e  renograms performed on  r e n a l  
t r a n s p l a n t  p a t i e n t s .  Unfo r tuna te ly  fo r  t h i s  p r o j e c t  d u r i n g  t h e  p a s t  y e a r  t h e  
d a t a  c o l l e c t i o n  ins t rument  used f o r  t h e  r o u t i n e  renograms was changed. We 
o r g i n a l l y  used an I n t e r t e c h n i q u e  c i n e s c i n t i g r a p h y  sys tem and have  now swi tched  
t o  t h e  PDP-ll/Gama-ll System. T h i s  swi t ch  has  r e q u i r e d  t h e  development o f  new 
programs t o  c o l l e c t  t h e  d a t a  and develop  t h e  kidney and s e p a r a t e  
a c t i v i t y  curves .  
a l i m i t e d  number of s t u d i e s  have  been  performed. 
and hope t o  a c q u i r e  d a t a ,  on approximate ly  100 c a s e s  e x h i b i t i n g  v a r y i n g  levels 
of  p e l v i c  accumulat ion w i t h i n  t h e  n e x t  3 months. 

p e l v i s  t i m e - -  
The sys tem h a s  j u s t  r e c e n t l y  become o p e r a t i o n a l  and consequent ly  

We are c o n t i n u i n g  t h i s  work 

Table  1 shows some of o u r  p r e l i m i n a r y  r e s u l t s .  The t a b l e  p r e s e n t s  t h r e e  
p a t i e n t s  w i t h  r e n a l  p e l v i c  accumula t ion  of t h e  I-131-hipuran r ang ing  from 
moderate  t o  s t rong .  For  t h e  case where l i t t l e  p e l v i c  accumula t ion  occured ,  t h e  
dose t o  t h e  p e l v i c  r eg ion  is o n l y  one  pe rcen t  g r e a t e r  than  t h e  ave rage  dose. 
For t h e  second case, t h e  cumulated c o n c e n t r a t i o n  i n  t h e  r e n a l  p e l v i s  i s  32% g r e a t e r  
t han  t h e  average t o t a l  kidney c o n c e n t r a t i o n ,  and 47% g r e a t e r  t h a n  t h e  concen t r a t ion  
i n  t h e  r e n a l  parenchyma. Thus t h e  dose  due t o  non-pene t r a t ing  r a d i a t i o n  from 
1-131 is  47% h i g h e r  i n  t h e  r e n a l  p e l v i s  than t h e  rest o f  t h e  kidney.  For t h e  
t h i r d  case, t h e  dose due t o  non-pene t r a t ing  r a d i a t i o n  from 1-131 is seen t o  be  
71% h i g h e r  i n  t h e  r e n a l  p e l v i s  t h a n  i n  t h e  kidney as a whole,  and 239% h i g h e r  
than  i n  t h e  parendryena. ,, 

These p r e l i m i n a r y  d a t a  i n d i c a t e  s i g n i f i c a n t  doses  may r e s u l t  from p e l v i c  
accumulat ion.  We f e e l  a con t inued  e f f o r t  i n  t h i s  p u r s u i t  is warrented .  As 
p a r t  o f  t h i s  work w e  w i l l  a t t e m p t  t o  make more a c c u r a t e  estimates of  t h e  volume 
and mass of t h e  p e l v i s  i n  o r d e r  t o  improve our  dose estimates. 
t h e  p e l v i s  s e l f -dose ,  we w i l l  a l s o  assess t h e  gonadol dose r e s u l t i n g  from t h e  
nearby  p e l v i s  a c t i v i t y .  

I n  a d d i t i o n  t o  
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4 .  Iron-59 Citrate Dosimetry in Ahnormal Human Subjects 

During the p a s t  year, we have continued our aork to make quantitative 
measurements of the absolute organ distribution gf intravenously administered 
Fe-59 citrate in abnormal subjects. In cooperation with Dr. Sanford 
Krantz of the Department of Hematology, we are carrying out detailed studies 
on a selected group of patients with suspected and proved red-cell aplasia. 
Our work has allowed us to observe how the kinetics of the radioiron and 
the resulting organ distributions may vary greatly from patient to patient 
depending upon the stage of the disease. 
and are using to irinke dosiriietric estimates are also proving useful to Dr. 
Krantz as an aid to establishing the stage of the disease. 

The kinetic data we have collected 

A draft of a paper describing the results of our work on a group of 
patients who were in remission of the disease has been included as an 
appendix to our current report. 
Cell Aplasia: Ferro-kinetics During Remission of the Disease". In this 
paper we have attempted to compute the marrow retention curve of the 
radioiron in six (6) patients who are in remission of the disease. 
metrically, we have determined that the red marrow is the critical organ for 
patients in f u l l  remission while the liver and spleen are the critical 
organs at other stages of the disease. 
great expansions of the active red marrow sites to the knees, ankles, elbows 
and the long bones of the arms and legs. 
expanded marrow sties may also be accompanied by a prolonged transit time 
for the radioiron resulting in an increased radiation dose to the marrow. 
We have attempted to estimate the total marrow radioiron retention curve 
fo r  each of the patients in this group. 
are seen in Figure 1-3. 
dose from radioiron within the marrow. 

The paper is entitled "Studies on Red 

Dosi- 

During *emission we have observed 

We have also observed that the 

The results of these measurements 
These curves are also used to estimate the marrow 

Time-activity curves were generated fo r  the pelvic marrow at approximately 
one day intervals for an average period of 10 days. 
distribution of the radioiron were also made on a daily basis. 
activity curves for the total marrow were estimated from the direct 
measurements of the pelvic marrow space. 
24 hours was taken to be equal to the total-body radioiron content minus 
l i w r  and spleen content. 
circulating level of radioiron at 24 hours and  that the liver and spleen 
constituted the entire storage pool exclusive of marrow. 
activity curves generated in this manner marrow transit-times were determined. 
The transit-time vias defined as the time interval between the 50% levels 
of the maximum radioiron uptake in the marrow that occurred during the 
uptake and release phases. 
t h e  plasma clearance and red cell utilization curves were also used to estimate 
the total marrow activity curves. 
uptake of the radioiron to be proportional to the inverse of the plasma 
clearance and the niarrow release of the radioiron to be proportional to the 
inverse of the red cell incorporation curve. The curve is then normalized 
to the maximum activity incorporated into ;the circulating red cells. 
assumption of this method i s  that the maximum circulating red cell activity 
is equal to the maximum uptake in the erythropoietically active marrow pool. 

Images of the total-body 
The time- 

The pelvic marrow transit curve at 
the 

Two assumptions were that there was no significant 

Based upon time- 

In a manner similar to that described by Finch 

In  this method one assumes the marrow 
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The patients in our current study group were classified into three 
groups with respect t o  their marrow transit curves. 
the transit curves frequently exhibit two distinct transfer components. 
have chosen to desorh$&gtae two component& .as. (1 
T-1/2 approximately 3 days) and ( 2 )  storage (T-112 

We have"'observed that 
We 
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In the normal the second (storage) component is 
abnormals the reverse is true. 
storage components that is the prime contributor to the dose. 
Table 1 the three classes have been defined as follows: 

extremely small while in some 
It is the presence and magnitude of the 

A s  shown in 

A .  No significant storage component 
B. No significant erythropoietic component 
C. Both components present 

\"le have investigated the variation in the radiation dose to the marrow 
between these three group's. The results of them ca1c~lI:~tions are  
shown in Table 2 .  As seen in the table the marrow dose may be as much 
as a factor of 19 higher in those patients with significant marrow 
storage of the radioiron. 
and calculations to a larger patient population. 

We hope to be able to extend these measurements 

The MIRD Committee in the United States has created a task group to 
gather dosimetric information from the medical uses of Fe-59 citrate. 
Dr. Price is a member of this task group and we are working in cooperation 
with Dr. Pollycove at the Dormer Laboratory of the University of California 
and D r .  Johnston at the University of North Carolinn to create a single 
data base. Vanderbilt's SAllhl-25 iron kinetics model has been chosen to 
be used for the calculation of the cumulative organ activity ( A )  for the 
compiled normal and abnormal studies. The results of these measurements 
and calculations will be published by MIRD. A draft of this document is 
included as an appendix to our  current report. 

During the coming year, we propose to continue our relationship with 
Dr. Krantz and staff of the Division of Hematology and will study approxi- 
mately 10 
kinetics of different disease states. 

more patients in an effort to categorize the dosimetry and 

Dose estimates to date have been made assuming a standard man model. 
For many of these disease states, the liver and spleen may be enlarged 
in addition to an expanded o r  diminished red marrow volume. The effects 
of these volume differences could be significant and will be investigated. 
Liver and spleen volume estimates will be made using ultrasonic scans, 
or with CAT body scans whenever possible. Estimates of the regional 
marrow volume will be made using the projected area from the Fe-59 scans. 

It is known that the marrow spaces in some abnormal states contain 
a significant amount of the iron storage component. 
functioning marrow components from the storage components using external 
marrow measurements, we propose to use simultaneous scans of In-111 trans- 
ferrin and Fe-59. The assumption is that the In-transferrin communicates 
only with the ferritin hemosiderin (storage) pools arid not. with the hemo- 
globin (erythropoietic) pool, and thus, we can use the In-111 distribution 
to measure the storage pools of the marrow sites for Fe-59. The dosimetric 
implications of the separation are significant since the kinetics of,the 
two components are so different. 
residing in the marrow space would have an essentially infinite biological 
half life, whereas Fe-59 labelled hemoglobin leaves the marrow in a matter 
of a few days. 
w i l l  carry out the simultaneous In/Fe study whenever possible. 

To resolve the 

Fe-59 labelled to hemosiderin but 

We have proposed to study 10 ney subjects this year and 

r u  

10341'39 
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Table 1 
Cumulative Activity 

1 uCi days 
1 uci a h .  

Paticill; Croup - 
Patients with no significant 

A storage component 2.40 - 3.66 

Patients with no significant 
B erythropoietic component 19.4 

Patients with both storage 
C and erythropoietic function 40.0 

Table 2 

Average Radiation Dose 
to the Red Marrow 

- 
D ( rad/uci a h . )  

- - 
Group DIIP (nonpenetrating ) DP (penetrating) - 

D (total) 
~ 

A 0.00s - 0.012 0.003 - 0.005 0.011 - 0.017 

B 0.066 0.027 0.093 
~ - -  ~ ~~~ 

0.191 C 0.136 0.055 

a 
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F igure  3. Surface organ scanning ( A )  Normal vo lun tee r .  

number 6 w i t h  PKCA. 

( C )  normal marrow d i s t r i b u t i o n  o f  59Fe i n  p a t i e n t  number 3, (D) imdera te  

extens ion o f  bone marrow i n t o  lower e x t r m i t i e s  i n  p a t i e n t  number 5 ,  (E )  

marked ex tens ion  of bone marrow i n  p a t i e n t  number 2 i n  f i r s t  s tudy  a f t e r  

remiss ion,  and (F ) * reduc t i on  o f  marrow extens ion i n  p a t i e n t  number 2 t h r e e  

(B) Pati .ent  

(C,D,E,F) P a t i e n t s  w i t h  PRCA i n  rem iss ion  showing 



5 .  Evalua t ion  of t h e  S tandard  M a n  Model f o r  Dosimetry Calculations--Comparison 
with Laboratory Measurements 

One of o u r  s t a f f  ( D r .  J. Jones) has  accep ted  a p o s i t i o n  on S c i e n t i f i c  
Committee No. 55 of t h e  Na t iona l  Council  f o r  R a d i a t i o n  P r o t e c t i o n  and Measurements 
This  committee,  c h a i r e d  by D r .  James Robertson of t h e  Mayo C l i n i c ,  is charged 
w i t h  making recommendations f o r  t h e  exper imenta l  v e r i f i c a t i o n  of i n t e r n a l  
dosimetry c a l c u l a t i o n s  and i s  scheduled t o  meet t o  review a f i r s t  d r a f t  of i t s  
r e p o r t  i n  September, 1977 (our  c o n t r i b u t i o n  t o  t h i s  d r a f t  is included i n  t h e  
Appendix). 

We have a l s o  completed an eva lua t ion  of model c a l c u l a t i o n s  wi th  humans, 
which i s  repor t ed  i n  a Ph.D. t h e s i s  (Dr. Jones)  and i n  t h e  proceedings  of t h e  
Radiopharmaceut ical  Dosimetry The 
approach used was t o  expose LiF  TLD'S on t h e  s k i n  of l i v e r  s can  p a t i e n t s  (Tc- 
99m s u l f u r  c o l l o i d )  a n t e r i o r  t o  and c e n t e r e d  ove r  the l i v e r .  The measured TLD 
dose w a s  compared t o  t h a t  computed f o r  t h e  s t a n d a r d  man model, w i th  gene ra l ly  
a c c e p t a b l e  (% 30%) agreement between 
t h e  model c a l c u l a t i o n s  were of dose p e r  e m i t t e d  photon ,  s o  a scheme was developed 
t o  compute organ ac t iv i ty  from e x t e r n a l  s cann ing  measurements. 
i t s  d e r i v a t i o n  are a l s o  o u t l i n e d  i n  t h e  Appendix. 

Symposium h e l d  i n  Oak Ridge i n  A p r i l  1976. 

measured d o s e  and c a l c u l a t e d  dose. However, 

Th i s  scheme and 

A major q u e s t i o n  concern ing  t h e  a p p l i c a b i l i t y  of  model dose c a l c u l a t i o n s  
t o  humans i s  whether o r  n o t  t h e  combined e f f e c t s  of a t t e n u a t i o n  and geometry 
i n  humans a r e  adequate ly  r ep resen ted  by t h e  model, e s p e c i a l l y  s i n c e  humans vary  
i n  s i z e ,  shape ,  and medical cond i t ion .  
t h e s e  geometry d i f f e r e n c e s  w i l l  have minimal e f f e c t .  
no geometry d i f f e r e n c e s ,  photon a t t e n u a t i o n  w i l l  have no e f f e c t .  Conversely,  
i f  t h e r e  are no geometry d i f f e r e n c e s .  photon a t t e n u a t i o n  w i l l  have no e f f e c t .  
However, i t  is c e r t a i n  t h a t  i n  a t  least  s o w  cases, t h e r e  w i l l  b e  d i f f e r e n c e s ,  
and i t  i s  impor tan t  t o  e v a l u a t e  t h e  e f f e c t s .  These a t tenuat ion/geometry  e f f e c t s  
are p r e s e n t  f o r  bo th  t h e  r a d i a t i o n  dose measurements and t h e  organ a c t i v i t y  
measurements, bu t  w i th  an impor tan t  d i s t i n c t i o n .  The dose measurement dev ice  
is  uncol l imated  and al lowed t o  respond t o  any photon  energy (primary photons 
i n c i d e n t  from v a r i o u s  d i r e c t i o n s  and Compton s c a t t e r e d  photons) .  Under t h e s e  
c o n d i t i o n s ,  i t  is ext remely  d i f f i c u l t  t o  e x p r e s s  t h e  e f f e c t s  of a t t e n u a t i o n /  
geometry on the  dose.  Organ a c t i v i t y  measurements are made wi th  co l l ima ted  
d e t e c t o r s  and use p u l s e  h e i g h t  d i s c r i m i n a t i o n ,  i n  an e f f o r t  t o  a s s u r e  t h a t  
on ly  primary photons i n c i d e n t  from a s p e c i f i c  d i r e c t i o n  are counted. With 
t h e s e  c o n d i t i o n s ,  i t  i s  p o s s i b l e  t o  expres s  t h e  e f f e c t s  of a t tenuat ion/geometry  
on t h e  a c t i v i t y  estimate, which is  what o u r  scheme does.  

I f  photon a t t e n u a t i o n  i s  small enough, 
Conversely,  i f  t h e r e  are 

Equat ions (10) through (13) of t h i s  scheme (see Appendix) are t h e  
pr imary r e l a t i o n s h i p s  of i n t e r e s t .  
i n  t h e  parameter  p ,  w h i l e  che e f f e c t s  of geometry are conta ined  i n  l i n e a r  
combinat ions o f  body t h i c k n e s s  d j  , source  t h i c k n e s s  t j ,  and source  depth Z l j .  
So given a s e t  of d j ,  t j ,  and Zlj (geometry) and a va lue  of  1.1 ( a t t e n u a t i o n ) ,  
one can express t h e  e f f e c t s  of these parameters  on t h e  a c t i v i t y  e s t i m a t e ,  and 
compare t h e  resu l t  t o  a s imi la r  se t  of parameters  r e p r e s e n t i n g  t h e  geometry 

The e f f e c t s  of  a t t e n u a t i o n  are conta ined  

- 
v of  t h e  s t anda rd  man model. 
t3 
c 
d 
E 
W 

We have developed t h e  hardware and s o f t w a r e  which a l lows  one t o  trace 
an a r b i t r a r y  shape on a g raph ics  t a b l e t  and send  t h e  c o o r d i n a t e s  of t h i s  shape 
t o  a PDP-9 computer f o r  analysis. 
image (a computed tomography scan o r  u l t r a s o n i c  scan )  t o  send ' coord ina tes  of 
body and organ o F t l i n e s  t o  t h e  computer. 
use  t h e s e  c o o r d i n a t e s  t o  evaluate (12) add (13) for v a r i o u s  Wiues of tr 
(corresponding t o  photon e n e r g i e s  from 20KeV t o  1 M e V )  and 

This can be  used on a sui table  c r o s s - s e c t i o n a l  

We have a l s o  w r i t t e n  programs which 
I< 

p r e s e n t  t h e  r e s u l t s  



on a l i n e  p r i n t e r .  
s c a n s ,  and w e  are now i n  t h e  process  of c r e a t i n g  f i l e s  of s t anda rd  man model 
da t a  f o r  v a r i o u s  t r a n s v e r s e  s e c t i o n s ,  u s i n g  t h e  informat ion  i n  MIRD Pamphlet 
No. 5 .  Because s e v e r a l  phys i c i ans  i n  our  department are i n t e r e s t e d  i n  organ 
volume measurement from CT scan  images,  t h e  programs have been w r i t t e n  t o  do 
t h e  volume c a l c u l a t i o n  f o r  t h e i r  u se ,  as w e l l  as t h e  e v a l u a t i o n  of t h e s e  a c t i v i t y  
e q u a t i o n s  f o r  o u r  u se .  

The programs have been debugged u s i n g  c l i n i c a l  u l t r a s o n i c  

I 0 3 4 7 4 4  
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6 .  Dosimetry of Photon Attenuation Measurement Systems 

a. Bone Mineral Measurement Techniques 

We have been involved in the development of techniques to measure bone 
mineral content in the arm and lumbar spine in our laboratory and the 
procedures that we have developed are now routine clinical procedures in our 
nuclear mcdicinc clinic. These techniques involve the passage of a pencil 
thin beam of radiation from an external source through the part of the body 
under study and the measurement of the attenuation of the beam by an opposed 
detector as a function of position as the system scans in a rectilinear 
raster. 
the course of diseases and evaluating the effectiveness of therapy, the 
radiation dose from such measurements are of importance. 

Since these measurements are made at multiple times in following 

We have made dose measurements for arm and spine scans using lithium 
fluoride thermoluminescent dosimeters (TLDs). For arm measurements 12 
TLDs were placed on an arm phantom (6 on the top and 6 on the bottom) as 
shown in figure 1. 
chambers containing a K2HP0 
of the arm. 
radius, an adult Ccmalc radius, and an adult finger. A routine scan was 
then performed on the phantom using a 2 Ci source of Gd-153. This source 
emits 40 and 100 keV photons of approximately equal intensity and permits 
the elimination of the soft tissue component in the bone mineral determinations 
by the two photon technique. The TLDs were then read out by heating them 
in an oven and measuring the light given off (which is proportional to the 
radiation dose received) using a photomultiplier tube. The TLDs were then 
annealed in order to assure that their sensitivity did not change and they were 
then exposed to a Cs-137 source of known intensity. 
out and a factor was determined relating the known dose rate from the Cs-137 
exposure to the light intensity measured by the photomultiplier tube. The 
dose rate for an arm scan was determined to be less than 40 mrad with the 
2 Ci Gd-153 source. 

The phantom consisted of a plexiglass block with three 
solution to simulate the bone mineral content 

The three charnkers were approximately the size of an adult male 

They were again read 

A similar technique was used to measure the dose rate for the spine 
scans. 
cm of water and four excised vertabrae to simulate the spine and soft tissue 
as shown in figure 2 .  A scan was performed and the dose rate was determined 
as before. The dose rate f o r  the 2 Ci Gd-153 source was less than 65 mrad 
at all points. *The individual TLD measurements are summarized in Table I. 
The radiation dose from these studies is considered to be low enough to 
permit repeated studies without undue hazard to the subject. 

TLDs were taped along the top and bottom of a tank containing 14.1 

i-  .. 
1 0 3 4 1 4 5  
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b. Computerized A z i a l  Tomography Systems 

The advent  of computerized a x i a l  tomography systems us ing  h igh  i n t e n s i t y  
t r a n s m i s s i o n  sources  has  produced concern ove r  t h e  r a d i a t i o n  dose a s s o c i a t e d  
w i t h  such  procedures .  
o b t a i n e d  from computerized a x i a l  tomographic s c a n s  of t h e  head w i t h  a n  EM1 
head u n i t .  These were measurements of doses  r e c e i v e d  by both  p a t i e n t s  and 
t h e  pe r sonne l  t ak ing  p a r t  i n  t h e  a d m i n i s t r a t i o n  of t h e  t es t .  

We have made measurements of  t y p i c a l  r a d i a t i o n  doses  

The measurements w e  made were made by u s i n g  p r e - c a l i b r a t e d  TLD's. 
All measurements were made w i t h  e i t h e r  a p a t i e n t  o r  water f i l l e d  phantom 
i n  p l a c e  i n  t h e  water bag of t h e  EM1 scanne r .  
on t h e  s k i n  of t h e  p a t i e n t  o r  on t h e  s u r f a c e  of t h e  phantom. 

The TLD's were placed  

The f i r s t  measurement w e  made w a s  a d e t e r m i n a t i o n  of t h e  dose  
d i s t r i b u t i o n  pe rpend icu la r  t o  a single scan slice. 
exposure  f e l l  t o  l e s s  t han  400 mrad w i t h i n  .5 c m  from t h e  o u t e r  edge of t h e  
s c a n  s l i ce .  By p l a c i n g  a s t r i p  of d o s i m e t e r s  v e r t i c a l l y  down,the p a t i e n t ' s  
head d u r i n g  a c l i n i c a l  s t u d y  ( c o n s i s t i n g  of 5-6s minute scans) w e  found 
t h a t  t h e  eyes r ece ived  a t o t a l  exposure  of  500 m i l l i r a d .  
a t  t h e  top  of the  head reached 2.5 r ad .  

We found t h a t  t h e  

The exposure  

Because t h e  x-ray tube  does  n o t  travel comple t e ly  around t h e  head 
d u r i n g  a s c a n ,  w e  made a measurement of  t h e  a n g u l a r  d i s t r i b u t i o n  of 
exposure .  
The exposure  ranges from a maximum of 2.75 on t h e  r i g h t  s i d e  of t h e  
p a t i e n t ' s  head t o  .75 i n  t h e  l e f t  s i d e  of t h e  head .  

This showed a d i s t i n c t  asymmetry i n  t h e  exposure d i s t r i b u t i o n .  

Of ten  i t  is necessa ry  f o r  someone t o  hold a p a t i e n t ' s  head d u r i n g  
We monitored t h e  a s c a n  i n  o r d e r  t o  h e l p  reduce  t h e  motion a r t e f a c t s .  

exposure  t o  t h i s  persons  hand by means of a r i n g  badge. 
t h e  l e v e l  of the  scan ,  t h i s  exposure  r anges  from 3 mrad t o  a h igh  of 
100 mrad p e r  scan s l i c e .  The maximum t o t a l  exposure  rece ived  by one 
person  d u r i n g  t h e  cour se  of t h e  measurements w a s  a 200 mrad. 

Depending on 

Based on t h e s e  measurements w e  recommended t h a t  personnel who 
r o u t i n e l y  assist i n  t h i s  manner should make a p r a c t i c e  of wearing 
p r o t e c t i v e  gloves.  

103111rb .J"". . . ;.,- 
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TABLE 1 

Arm Phantom 

TLD # Dose (mrad) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

11.4 
35.5 
36.2 
37.0 
35.9 
34:O 
18.4 
21.7 
19.3 
19.1 
16.6 
8.5 

41 

t 

Spine Phantom 

Dose (mrad) TLD !I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

14 
14 
15 
13 
15 
17 
16 
16 
17 
18 
17 
46 
51 
52 
23 
24 
50 
62 
58 
46 
60 
55 
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7 .  Radia t ion  S e n s i t i v i t y  of t he  Thyroid During 1-131 Therapy 

In fo rma t ion  on i o d i n e  uptake ,  t h e  e f f e c t i v e  ha l f - t ime  o f  i t s  r e t e n t i o n  i n  
t h e  t h y r o i d  and t h y r o i d  mass a r e  used i n  c a l c u l a t i n g  t h e  amount of 1-131 t o  be  
admin i s t e red  t o  p a t i e n t s  i n  t h e  t r ea t emen t  of hyper thyro id ism.  
however, which w e  have n o t  y e t  l e a r n e d  how t o  a s s e s s  i s  r a d i a t i o n  s e n s i t i v i t y  
of  t h e  t h y r o i d .  

A major v a r i a b l e ,  

I n  o u r  work on i o d i n e  k i n e t i c s ,  t o  d a t e ,  w e  have e v a l u a t e d  i o d i n e  metabolism 
i n  l a r g e  numbers o f  p a t i e n t s  du r ing  t r ea tmen t  of  t h y r o t i x i c o s i s  and have determined 
model pa rame te r s  which are r easonab le  p r e d i c t o r s  of  absorbed r a d i a t i o n  dose  t o  
t h e  t h y r o i d ,  g iven  knowledge of t h y r o i d  g land  s i z e .  

P h y s i c i a n s  d i f f e r  g r e a t l y  i n  t h e i r  a b i l i t y  t o  estimate t h y r o i d  gland s i z e  
by p a l p a t i o n .  
LOOX, a l t hough  some persons  who have devoted s i g n i f i c a n t  e f f o r t  t o  improve t h e i r  
s k i l l s  may be w i t h i n  20% of  t h e  t r u e  we igh t ,  as r e v e a l e d  by a n a l y s i s  of  c o r r e l a t i o n s  
w i t h  s u r g i c a l  specimen weights .  The use  o f  g l and  s i z e  estimates from o u t l i n e s  
of scan  d e f i n e d  margins i s  a n  imprec i se  p r e d i c t o r ,  bu t  does  c o r r e l a t e  s t r o n g l y  
w i t h  g land  s i z e .  The use of x-ray f l u o r e s c e n c e  p rov ides  analogous measurements 
of gland dimensions based on i o d i n e  c o n t e n t  d i s t r i b u t i o n ,  which a l s o  c o r r e l a t e s  
ve ry  w e l l  w i t h  gland s i z e  (F igures  1 and 2 ) .  I n  a d d i t i o n ,  given aknown i o d i n e  
con ten t  p e r  u n i t  mass of  thy ro id  t i s s u e  one could  p r e d i c t  t h y r o i d  weight  w i th  
g r e a t  accuracy i n  hyper thyro id  p a t i e n t s  s i n c e  one can measure i o d i n e  con ten t  
w i t h  h igh  p r e c i s i o n .  However, i o d i n e  conten t /gm is  no t  c o n s t a n t ,  and need le  
b i o p s i e s  are  r a r e l y  performed i n  hype r thy ro id i sm and hence t h i s  i s  n o t  a 
p r a c t i c a l  answer t o  t h e  mass e s t i m a t i o n  problem a t  t h i s  time. The remaining 
technique  which works,  i n  p r i n c i p l e ,  bu t  is n o t  used r o u t i n e l y  invo lves  t h e  
u s e  of u l t r a sound ,  t o  determine t h y r o i d  volume. By m u l t i p l e  pas ses  ove r  t h e  
t h y r o i d ,  c r o s s - s e c t i o n a l  maps can b e  e s t a b l i s h e d  from which estimates of 
t h y r o i d  volume (and hence mass) can  be  computed. We had proposed t o  use  t h i s  
t echn ique  i n  p a t i e n t s  going t o  s u r g e r y  f o r  t h y r o i d  r e s e c t i o n s  and on f r e s h  
cadavers  p r i o r  t o  autopsy and t o  e v a l u a t e  t h e  accuracy of t h i s  method. 
a t t e m p t s  a t  imaging t h e  thy ro id  w i t h  B-mode u l t r a sound  are n o t  y e t  s a t i s f a c t o r y ,  
due i n  l a r g e  p a r t ,  t o  t h e  q u a l i t y  o f  t h e  probe  a v a i l a b l e  t o  us.  We have 
cont inued  t o  use  t h e  r e s u l t s  of  x-ray f l u o r e s c e n c e  and i s o t o p e  emission 
measurements, a l o n g  with neck p a l p a t i o n ,  t o  assess t h y r o i d  s i z e  f o r  t he rapy  
dose  c a l c u l a t i o n s .  

It is g e n e r a l l y  agreed  t h a t  estimates can b e  o f f  by as much as 

However, 

To e v a l u a t e  t h y r o i d  s e n s i t i v i t y ,  w e  need  t o  measure a parameter  t h a t  
r e f e l c t s  damage t o  t h e  thy ro id .  The rate of  loss o f  i o d i n e  from t h e  gland 
fo l lowing  the rapy  i s  due t o  a l t e r e d  rates o f  release of i o d i n e  from t h e  gland 
and by d iminut ion  of  uptake.  We have measured t h e  i o d i n e  con ten t  of  t h e  gland 
a f t e r  t he rapy ,  by means of x-ray f l u o r e s c e n c e  scann ing  i n  a l a r g e  number of 
p a t i e n t s ,  i n  a a t tempt . to  de te rmine  i f  p r e d i c t i o n s  of hypothyroidism can be 
made from t h e  e a r l y  changes i n  i o d i n e  c o n t e n t  a f t e r  t he rapy .  We a r e  c u r r e n t l y  
measuring i o d i n e  con ten t  and o t h e r  t h y r o i d  f u n c t i o n  parmeters  i n  45 p a t i e n t s  
who have r ece ived  r a d i o i o d i n e  the rapy .  
as  long  as 14 months post- therapy.  These d a t a  are shown i n  F igu res  3 - 6 .  
The d a t a  are s e p a r a t e d  i n  two ways. 
two c a t e g o r i e s ,  one wi th  i n i t i a l  i o d i n e  c o n t e n t  less than  15.5 mg. (1 s t a n d a r d  
d e v i a t i o n  above t h e  normal mean) and t h e  o t h e r  greater than  15.5 mg. The x a t  
t h e  end of a p a r t i c u l a r  p a t i e n t s '  cu rve  i n d i c a t e s  t h a t  t h e  p a t i e n t  became 
hypothyro id  and was p laced  on t h y r o i d  replacement  medica t ion  a t  t h a t  t i m e .  We 
currently have six p a t i e n t s  i n  t h a t , c a t e g o r y .  horn 1 in 

d 
a n t i t h y r o i d  d u r g  medication b e f o r e  and a f t e r  t he rapy  and those  who d i d  n o t .  

These  p a t i e n t s  have been followed f o r  

F i g u r e s  3 and 4 show t h e  d a t a  grouped i n  

The second g r o u p i  
F igu res  5 and 6 .  These f i g u r e s  s e p a r a t e  t h e  p a t i e n t s  i n t o  t h o s e  



Two p a t i e n t s  r e l a p s e d  i n t o  hype r thy ro id i sm 
f i g u r e s )  and rece ived  a second t h e r a p y  dose.  
from most p a t i e n t s  throughout  t h e i r  course  of s tudy .  These samples have been 
f r o z e n  and are be ing  h e l d  u n t i l  t h e  t h y r o g l o b u l i n  radioimmunoassay is  e s t a b l i s h e d .  
We w i l l  t hen  de termine  t h y r o g l o b u l i n  and TSH l e v e l s  and c o r r e l a t e  t h e s e  w i t h  t h e  
i o d i n e  con ten t  d a t a  i n  an a t t e m p t  t o  develop a p r e d i c t i o n  equa t ion  which w i l l  
i d e n t i f y  which p a t i e n t s  w i l l  become hypothyro id ,  f o l l o w i n g  t r e a t m e n t ,  on t h e  
b a s i s  of t h e s e  d a t a .  

(shown by t h e  dashed l i n e s  i n  t h e  
We have c o l l e c t e d  blood samples  

1 0 3 4 7 5 1  ‘ 
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IODINE CONTENT i n  mg. 

Fig. 1 
bclh v a r i a b l e s  i.iZi-2 obtaiiled from quant i ta t ive fiuorescent scans o f  tne 

Plot o f  xtimated thyroid weight v s .  i o d i n e  content. Values for 

thy ro id .  
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wei3ht  as dcteniiined post-surgery vs .  i n  vivo 
aeteriiifticd from q u a n t i  t a t i v c  fluorescent scans. 
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8 .  Dosimetry of Myocardial Scanning Agents 

Much work is currently being done at Vanderbilt and other laboratories 
to develop techniques for imaging and delineating areas of myocardial 
ischemia in patients suspected of  suffering from heart disease. 
most common isotopes currently being used are Tc-99m pyrophosphate (Tc PYP) 
which accumulates in damaged heart muscle and potassium analogs such 
as T1, Rb or Cs isotopes which accumulate in normal heart muscle. 
Simultaneous mapping of the two distributions, (one hot and the other 
cold), should offer more information than single isotope studies. We 
planned to explore this possibility in dogs with experimentally induced 
infarcts. We also planned to obtain dosimetry data from animal studies 
conducted with suitable isotopes of these elements using the germanium 
system (i.e. TcPYP, T1-201, Rb-81, and Cs-131). These radionuclides were 
selected due to energy and half-life considerations. This system has the 
spatial resolution necessary to perform these studies in small animals and 
also has the capability of performing longitudinal section tomography 
with multiple isotopes simultaneously described in section B.1.b. 
studies have been delayed due to space limitations in the department 
which were resolved July 5 ,  when we obtained an additional 5,000 square 
feet for clinical imaging studies. 

The two 

These 

To perform imaging studies on patients with suspected myocardial 
infarcts, we have interfaced an Ohio Nuclear mobile camera to our 
computer systems by means of a cable network from the computer room in 
nuclear medicine to the cardiac intensive care unit, and to the surgical 
research area. 
from the scanning agents used in patients and to correlate human studies 
with those performed in animals. 

Thus it is now possible to obtain digital data 
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* B. Supporting Systems 
1. Hardware Development 

B.1.a. CAMAC Autonomous Crate Controller 
/ 

During the past year we have proceeded with the development of an 
autonomous CAMAC crate system for remote, stand-alone data collection. 
To facilitate transmission of data into our  PDP/9 system for more 
comprehensive analysis, we have designed and implemented a direct 
memory access (M) dataway for this machine. This was designed such 
that it simulates an input/output CAMAC module and is easily used for 
any number of data collection applications. 

We had initially planned to use a prototype INTEL 8080 microprocessor 
driven autonomous CAMAC crate loaned to us by FNAL. 
prorotype unit didn't work reliably, and delayed development work on 
the system until we received a production unit in April 1977. 

However, the 

The system which we are currently using is shcwnin Figure 1 . 
In order to gain experience in developing 
i.e. both PDP/9 and 8080 software, we have implemented a configuration 
which provides us with the ability to digitize video images of clinical 
X-rays for use in quantitative organ sizing in connection with our 
ongoing pharmaceutical dosimetry investigations. 

software for the system, 

The initial implementation of this system involved assembling 
the 8080 software using a cross assembler (obtained from FNAL) running 
on the University's Sigma 7 computer. 
crossassembler using the Macro-assembler of the PDP/9. In actual use, 
the CAMAC system is down loaded from the PDP/9 through the Rs232 TTY 
line. 

We have since produced our own 

This requires approximately 2 minutes for completion. 

Once loaded the program is controlled via the console DECwriter 
of the PDP/9 for region of interest selection and data collection. 
Once an €301 is selected the area is digitized a column at a time and 
stored in the 8080 memory. 
data is transferred in block mode via a CAMAC output register to the 
DMA port of the PDP/9. Operating in this mode an entire video frame 
in a 512 x 512 array can be stored in the PDP/9 in 90 seconds. 
Because of the unexpected delay in delivery of a reliable INTEL 8080 
controller the implementation of CMA access to the INTEL 8080 memory 
as described in the work proposed for 1976-1977, was delayed and is 
not yet completed. 

At the end of each column the digital 
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B.1.b. Intrinsic Germanium Detector Array 

The use of solid state or semiconductor detectors makes it possible 
to map very accurately isotope distributions (good spatial resolution ) 
and permits the simultaneous mapping of multiple isotope distributions 
( good energy resolution ). 
detectors make them very attractive for use in obtaining internal dosimetry 
data for radioisotopes. 
limited the usefulness of these detectors. 
Goulding and Pehf designed and fabricated a mosaic detector system at 
the Lawrence Berkeley Radiation Laboratdry under funding by a one year 
grant from NIH (April 1974-1975). 
November 1975 and preliminary evaluations and monitoring of the system 
have been performed. 

These two characteristics of semiconductor 

However, low sensitivity due to small size has 
To solve this problem, 

This system arrived at Vanderbilt in 

The intrinsic or high purity (HP) germanium (Ge) detector array 
shown in Figure 1 consists of 9 detectors each 35mm in diameter, lOmm 
thick, and arranged in a 3 x 3 matrix with 5Omm between centers. The 
9 detectors are cooled by a common liquid nitrogen reservoir. 
electronics associated with the system include two single channel 
analyzers ( S C A )  for each detector coupled to the linear amplifiers. 
nine detectors are powered by a common high voltage supply with a 
voltage divider network employed to maintain each detector at its 
optimum operating voltage. Energy resolution and relative sensitivity 
measurements made with a point source of Tc-9% at 1 meter from the 
front surface of the detectors show that the detectors and electronics 
are very closely matched and the energy resolutions are excellent 
(1.06 - 1.18 keV at 140 keV). 

The 

All 

For routine frontal plane scanning 19 hole focussed collimators 
with a geometric resolution of .56cm and a focal length of 8.25 cm 
have been designed and constructed. 
resolution and relatively uniform response from 2 to 13 cms from the 
face of the collimator. 

These collimators have excellent 

The detector electronics have been interfaced to a PDP/11 mini- 
computer via CAMAC for data acquisition. The system is designed to 
remain stationary during an imaging procedure with the object to be 
imaged being moved in an x-y raster. 
with the instrument. 

Two modes of operation are available 

For phantom and small animal studies the collimated system is 
suspended over a precision stepping motor-controlled x-y drive system. 
This scanning system is also interfaced to the PDP/11 computer via 
CAMAC as shown in the block diagram in Figure 2. 
moved in a rectilinear raster under computer control and data are 
collected from each of the 18 single channel analyzers ( 2  for each 
detector, i. e. 2 photopeaks) simultaneously. 
been written such that by moving the object to be scanned in a 50 x 50 
m raster (5Omm is the distance between detector centers) and collecting 
21 x 21 (medium spatial resolution (2.4 mm/point)) or 42 x 42 (high 
resolution (1.2 mm/point)) data points from each detector a 64 x f& or 
128 x 128 array can be constructed corresponding to a 150 x 3 5 0  m scan 
field. 

The x-y scanner is 
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The detectors and electronics are very closely matched In 
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efficiency and performance making it possible to normalize between 
detectors by counting a plane source of activity with each detector 
and thereby obtaining correction factors. 

For large animals and patients the computer is interfaced to our 
scanning bed (dashed lines in Figure 2) which can be moved in an x-y 
raster under computer control. 
initially on our PDP/9 computer via CAMAC and the same system is being 
adapted for use with the PDP/11. 
fashion as for the stepping motor-controlled system described above. 
In scanning areas larger than 150 x 15-, the scanning bed is programmed 
such that multiple scan fields will be mapped and the resulting data 
rearranged in the computer to produce a single image corresponding 
to the total scan field. 
and constructed (Figure 1) so that the detector array is suspended over 
the scanning bed with only possible movement being in the vertical 
direction for positioning. 
the electronics mounted at the back of the C-frame. 

This interfacing was accomplished 

The system operates in the same 

A C-frame support has  been designed 

The detector system is self-contained with 

Studies have been delayed with this system using the scanning 
bed due to the unavailability of space in which to operate the system. 
This space has recently become available so that studies with large 
animals and patients can be performed in the coming year. 

For tomographic applications a second set of collimators has been 
constructed with the same individual response characteristics as 
described earlier. However, these collimators are mounted such that 
their fields of view intersect at a point 6.35cm directly below the 
central detector as shown in Figure 3 .  
by this common view point as the focal plane of-the system, then we 
can obtain a good representation of the radioisotope distribution in 
that plane by simply summing the data collected from all detectors. 
However, images of planes lying above and below the focal plane can also 
be obtained by maintaining the data separately and recombining after 
suitable transformations have been performed. 

If we define the plane mapped 

To demonstrate the longitudinal section scanning capability of 
the system a phantom was scanned consisting of the number 1, 2, and 
3 filled with a solution of Tc-9% and positioned at distances of 3, 
6, and 9cm from the collimator face in a parafin medium. Tomographic 
images constructed in the planes of the numbers 
The numbers are well resolved by this technique. 

are shown in Figure 4.  

Since the system has two energy windows per detector it is also 
possible to perform simultaneous dual-isotope tomography. 
demonstrated in Figure '5  with tomographic images displayed from a point 
source of Co-57 (122 keV) positioned 1 cm along the largest void in 
the Picker thyroid phantom containing a solution of Tc-9% (140 keV). 
Excellent separation of the distributions is demonstrated. Tomographic 
images obtained by scanning the 90 and 180 keV photopeaksfrom the Ga-67 
distribution in a rat are shown in Figure 6. 
planes of activity with separations of 1.25 cm. 

This is 

- 
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The images denlonstrate 

- For multiple window studies (i.e. more than two windows pe ctor ) 
- a multiple ADC CAMAC module has been obtained. Electronics h en 

designed such that analog pulses from the individual detector amplifiers 
can be digitized and multiple photopeaks separated in the coaqWkr;.:-. 
This capability w i l l  be extremely useful in performing simultaneous 
dosimetry studies with multiple isotopes in animals and also in humans. 
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F i g u r e  1 .  
germanium d e t e c t o r s .  (R) Diagram of frame f rom which  t h e  
d e t e c t o r  system is suspended  over t h e  o b j e c t  to  be imaged.  

(A) Photograph of 9 d e t e c t o r  a r r a y  O P  h i g h  p u r i t y  

- .  
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F i g u r e  2 .  
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Block diagram of d a t a  a c q u i s i t i o n  s y s t e m .  
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constructed for longitudinal section scanning. 
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Figure 4. Images of a 3-dimensional number phantom 
demonstrating the tomographic capability of the 
germanium system. 
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F i g u r e  5 .  Tomographic images  c o l l e c t e d  s i m u l t a n e o u s l y  
from t h e  P i c k e r  t h y r o i d  phantom c o n t a i n i n g  a s o l u t i o n  of 
Tc-99m and a p o i n t  s o u r c e  of Co-57 p l a c e d  over the. l a r g e s t  
void i n  t h e  phantom. _ _  ____ - -. 

c 

F i g u r e  6 .  Tomographic images  through 3 p l a n e s  of a 
r a t  i n j e c t e d  w i t h  Ga-67 c i t r a t e .  
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2 .  Software Development 

a. S imula t ion  a n d  Plodel l ing 

( i, S p e c i f i c  Dosime t r y  P r o j  ec t s 

W e  are c o n t i n u i n g  t o  deve lop  and tes t  new k i n e t i c  models i n  a n  e f f o r t  t o  
unders tand  b e t t e r  t h e  t o t a l  body and organ  r e t e n t i o n  of t h e s e  m e d i c a l l y  admin i s t e red  
r a d i o a c t i v e  materials. S o l u t i o n s  t o  t h e s e  models have been sought  g e n e r a l l y  
through t h e  use  of  B e r m a n ' s  SAAM computer program. 
towaFd improving model accu racy  through t h e  use  of e x t e r n a l  q u a n t i t a t i v e  
measurements as supplementa l  t o  r o u t i n e  k i n e t i c  d a t a .  Models are c u r r e n t l y  b e i n g  
used t o  a n a l y z e  d a t a  from s t u d i e s  of Fe-50, 1-131 I o d o c h o l e s t e r o l  and i o d i n e  
k i n e t i c s  i n  a d d i t i o n  t o  a number of new rad iopha rmaccu t i ca l s .  
models and model c a l c u l a t i o n s  have been d i s c u s s e d  i n  t h e  p receed ing  s e c t i o n s  
d e a l i n g  w i t h  t h e  a w r i  fir. material. 

Our e f f o r t s  have been d i r e c t e d  

The d e t a i l s  of these 

. (ii)SAAM Workshop 

During t h e  p a s t  y e a r ,  w e  o rgan ized  and co-sponsored a Seminar-Workshop 
for  u s e r s  of t h e  S i m u l a t i o n ,  Ana lys i s  and Model l ing  Program (SAAM) developed 
by D r .  Mones Berman a t  t h e  N I H .  The SAAM program is w e l l  known and wide ly  
used as a t o o l  €or a n a l y z i n g  r a d i o p h a r m a c e u t i c a l  k i n e t i c  d a t a  f o r  t h e  purpose  
of de t e rmin ing  organ r e t e n t i o n  c u r v e s  and cumula t ive  a c t i v i t i e s .  The SAAM 
workshop w a s  h e l d  t h i s  p a s t  y e a r  a t  t h e  Oak Ridge Assoc ia t ed  U n i v e r s i t i t e s  
Headquar te rs  b u i l d i n g  on  A p r i l  28-31. 
Computing Technology In fo rma t ion  C e n t e r  and D r .  Mones Berman's group a t  t h e  
Labora tory  o f  T h e w e t i c a l  Bio logy ,  N C I .  
f e a t u r e s  and u s e s  o f  t h e  S U M  program and was a t t e n d e d  by approximate ly  40 
peop le  from throughout  t h e  coun t ry .  
program have been inc luded  as an appendix  t o  ou r  c u r r e n t  r e p o r t .  

The o t h e r  sponsor s  were t h e  Biomedical  

The meet ing  covered t h e  c u r r e n t  

A l i s t  of  t h e  a t t e n d e e s  and a copy of t h e  

During t h e  meet ing  a S W I  users group w a s  c r e a t e d  w i t h  R. P r i c e  b e i n g  . 
chosen a s  t h e  c o o r d i n a t o r .  
sponsor  seminar--workshops on SAAM and r e l a t e d  s i m u l a t i o n  probleme on a 
r e g u l a r  ( h o p e f u l l y ,  annual  b a s i s ) .  
f o r  people  who are  working i n  t h e  area o f  k i n e t i c  model l ing  t o  g a t h e r ,  d i s c u s s  
c u r r e n t  t o p i c s  and d i s s e m i n a t e  new i d e a s .  

Dur ing  t h e  coming y e a r s ,  w e  are p ropos ing  t o  

These workshops w i l l  s e r v e  as a mechanism 

b. S h a r i n g  of Computer Programs i n  Nuclear  Medicine 

During t h e  coming y e a r  w e  p l a n  t o  i n t e n s i f y  o u r  e f f o r t s  t o  a s s i s t  O W  
i n  t h e  demons t r a t ion  of t h e  u t i l i t y  o f  t h e i r  newly formed in fo rma t ion  c e n t e r  
f o r  t h e  exchange o f  n u c l e a r  medic ine  s o f t w a r e  packages.  We are working w i t h  
t h e  p e r s o n n e l  of t h e  Biomedical  Computing Technology Informat ion  C e n t e r  (BCTIC) 
i n  Oak Ridge a t  s e v e r a l  l e v e l s .  
D r .  Er ickson  is c o - d i r e c t i n g  t h e  p roduc t ion  o f  a Nuclear Medicine Computing 
Di rec to ry .  
pub l i shed  i n  J u l y  1976. 
r e p o r t .  
i n s t a l l a t i o n s  where r e s e a r c h  i s  b e i n g  c a r r i e d  o u t  i n  t h e  a p p l i c a t i o n  of 
computers t o  n u c l e a r  medicine problems.  
i n t e rchange  o f  s o f t w a r e  s i n c e  i t  d e s c r i b e s  a v a i l a b l e  computer s y s t e m s  and provides  
a v a i l a b l e  computer systems and p r o v i d e s  s o f t w a r e ,  hardware and c l i n i c a l  c o n t a c t s  
a t  t h e  v a r i o u s  i n s t i t u t i o n s .  We w i l l  con t inue  t o  submit  a p p r o p r i a t e  s o f t w a r e  
packages t o  BCTIC f o r  d i s t r i b u t i o n  t o  interested i n s t a l l a t i o n s .  
which w e  deve lop - -e spec ia l ly  i n  r e g a r d  t o  t h e  autonomous CAFlAC crate  and t h e  
various dos ime t ry  s t u d i e s ,  w i l l  be des igned  w i t h  t h e  i n t e n t i o n  of  t h e i r  be ing  
shared  wi th  o t h e r  i n t e r e s t e d  s c i e n t i s t s .  
i n  i d e n t i f y i n g  available s o f t w a r e  of r e l evance  t o  n u c l e a r  medicine and w i l l  a s s i s t  

D r .  B r i l l  i s  a member o f  t h e  Advisory Committee. 

Th i s  d i r e c t o r y  o f  n u c l e a r  medicine computers u s e r s  w a s  f i r s t  

A t  p r e s e n t ,  i t  c o n t a i n s  d e s c r i p t i o n s  of  over 80 U.S.  and 20 f o r e i g n  
A copy h a s  been inc luded  as an appendix t o  o u r  c u r r e n t  

Th i s  will g r e a t l y  f a c i l i t a t e  t h e  

Q 
W 
-F 
J 

cft 

Any new software 

I n  a d d i t i o n ,  w e  will c o n t i n u e  t o  assist 
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i n  o b t a i n i n g  i t s  s u b m i s s i o n t o  
d i s t r i b u t i o n .  

B C T I C  and i n  i t s  subsequent  t e s t i n g  p r i o r  t o  

l O 3 4 f b b  
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C. Conferences 

i. Vth I n t e r n i t i o n a l  Conference on Informat ion  P rocess ing  i n  Medical Imaging 

0 

Fostered  by ou r  c o n t i n u h g  in te res t  i n  q u a n t i t a t i v e  medical  imaging, we 
r e c e n t l y  organized  and hos t ed  t h e  F i f t h  I n t e r n a t i o n a l  Conference on Informat ion  
P rocess ing  i n  Medical Imaging (June 23-July 1, 1977). The meeting brought 
t o g e t h e r  a l a r g e  group of i n t e r n a t i o n a l l y  r e c c  gnized e x p e r t s  r e p r e s e n t i n g  a 
v a r i e t y  of medical imaging d i s c i p l i n e s .  
computerized tomography, u l t r a sound  as w e l l  as n u c l e a r  medicine.  The meeting 
provided 40 p r e s e n t a t i o n s  of  o r i g i n a l  work i n c l u d i n g  
p a p e r s .  The meeting format  w a s  des igned  t o  provide  ample time f o r  d e t a i l e d  
development of t h e  t o p i c s  fol lowed by l eng thy  d i s c u s s i o n s  (1 hour p e r  p r e s e n t a t i o n )  
i n  an e f f o r t  t o  ache ive  a maximum i n  t h e  t r a n s f e r  of i n fo rma t ion  and i d e a s .  

These inc luded  d i a g n o s t i c  radiography,  

bo th  i n v i t e d  and o f f e r e d  

- 
The meeting was h i g h l i g h t e d  by pape r s  on new q u a n t i t a t i v e  techniques  f o r  

t h e  c o n s t r u c t i o n  and d i s p l a y  of t r u l y  3-dimensional images and t h b  development 
of real-time ul t rasonography.  

The t o t a l  a t t e n d a n c e  w a s  approximate ly  100. A list of t h e  d e l e g a t e s  
and a t t endees  a r e  inc luded  i n  Appendix V I .  

The S i x t h  Conference i n  t h i s  series is  now be ing  organized  and w i l l  be  
he ld  i n  Heidelberg,  Germany i n  1979. 

ii. IEEE Nuclear Medical Sc ience  Shor t  Course 

The Nuclear Medical S c i e n t i s t  S e c t i o n  of t h e  IEEE Nuclear  and Plasma 
Sciences  Socie ty  h a s  been i n  e x i s t e n c e  f o r  two yea r s .  D r .  B r i l l  w a s  t h e  
S e c t i o n  Chairman i n  1976, and as such was r e s p o n s i b l e  f o r  t h e  o rgan iza t ion  and 
conduct of the  New Or l eans  meet ing,  as w e l l  as t h e  P u b l i c a t i o n  of t h e  Proceedings.  
( IEEE T r .  Nuc. S c i . ,  NS-24, No. 2 ,  A p r i l ,  1 9 7 7 ~ )  The one day meeting covered 
3-D Image Recons t ruc t ion  , and a Technology Update Sess ion .  

The f i r s t  p a p e r s  p r e s e n t e d  d e s c r i b e d  p r o t o t y p e s  of t h e  d i f f e r e n t  t ypes  
o f  t ransmiss ion  computer ized tomography systems t h a t  are now a v a i l a b l e  commercially.  
These inc luded  Ohio Nuclear, EMI, Var ian ,  and A .  S. & E. sys t ems  which were 
chosen t o  r ep resen t  t h e  d i f f e r e n t  classes of in s t rumen t s  c u r r e n t l y  be ing  
marketed. An assessment of t h e  b a s i c  phys i c s ,  problems and p o t e n t i a l  was 
p resen ted  by P ro fes so r  Harold Johns .  

Four papers  were ,p re sen ted  on emiss ion  tomography, w i t h  Gerd Muehllehner 
g i v i n g  the  i n t r o d u c t o r y  d i s c u s s i o n .  H e  reviewed t h e  d i f f e r e n t  types  of systems 
used f o r  3D gammaray and p o s i t r o n  a n n i h i l a t i o n  mapping, followed by p r e s e n t a t i o n s  
of t h e  Massachusetts General  H o s p i t a l  system (Gordon Brownel l ) ,  t h e  PET" s y s t e m  
(Nizar  Mul lan i ) ,  r i n g  geometry systems (S. Derenzo) and t h e  S e a r l e  Dual  p o s i t r o n  
camera s y s t e m  (G.Muehl lehner )  . 

I n  t h e  technology update  s e s s i o n  Guy Armentrout summarized d a t a  on 
high-z semi-conductors h e  had p resen ted  i n  t h e  g e n e r a l  s e s s i o n  of t h e  IEEE 
Meeting. Papers  on f a s t  s c i n t i l l a t o r s ,  pho to -op t i ca l  dev ices ,  and d i s k  
s t o r a g e  sys tems f o r  v ideo  s i g n a l s  were p r e s e n t e d  and are inc luded  in t h e  
publ i shed  proceedings,  a long  w i t h  an a r t ic le  on mathematical  r e c o n s t r u c t i o n  
techniques  by Cho. Char l e s  Masters d e s c r i b e d  a new DeAnza TV d i s p l a y  s y s t e m  w i t h  
examples from medical imaging a p p l i c a t i o n s .  The c u r r e n t  s t a t e  of  CCDs f o r  image 
and s i g n a l  p rocess ing  w a s  summarized by Robert  H e w e s  of Texas Instrument  Corp. 

The meeting w a s  a t t e n d e d  by approximate ly  100 people  whose a c t i v e  
p a r t i c i p a t i o n  sugges ts  t h a t  t hey  got  something from t h e  exchange of i d e a s  wi th  
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o t h e r  workers  i n  a r a p i d l y  moving f i e l d  i n  which new technology is  p l a y i n g  a 
major r o l e .  

T h i s  y e a r s  program w i l l  be  a r ranged  by D r .  Glenn Kno l l  of t h e  U n i v e r s i t y  
We hope t h a t  pe r sons  who are involved i n  deve loping  and u s i n g  new of  Michigan. 

i n s t r u m e n t a t i o n  i n  medicine,  p a r t i c u l a r l y  i n  n u c l e a r  medic ine ,  w i l l  t a k e  an 
a c t i v e  pa r t  i n  f u t u r e  meet ings of t h i s  s e c t i o n ,  and w i l l  o u r s e l v e s  con t inue  t o  
suppor t  t h i s  program. 
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