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UNITED STATES 

ATOMIC ENERGY COMMISSION 

* 
WASHINGTON. D.C. 20545 

8 2 1gn 

R. E. Hollingsworth . . 
General Manager -&-.'(; dim 
THRU: S. G. E h P  , A&6' 

PROPOSED WORK FOR NHLI AT ARGONNE CANCE!R RESEARCH HOSPITAL 

Enclosed, f o r  your information, i s  a proposal e n t i t l e d ,  "Myocardial 
Liaging" f o r  a five-year, $737,780 program t h a t  w a s  submitted by 
ArgoMe Cancer Research Hospital  t o  the National Heart and Lung 
I n s t i t u t e  - NM. 

The proposed s tudies  concern the  imaging of the hear t  muscle by 
means of a radioisotope scanning technique f o r  the  e a r l y  recogni- 
t i o n  of l es ions  as they occur i n  coronary a r t e r y  disease. 
detect ion of these les ions  i s  e s s e n t i a l  since prognosis of the 
disease s i g n i f i c a n t l y  benef i t s  from e a r l y  treatment. 
goals of the  s tudies  a r e  the se lec t ion  of an appropriate radio- 
isotope, t h e  development of portable  imaging equipment and the  
preliminary c l i n i c a l  evaluation of myocardial imaging i n  p a t i e n t s  
with nyocardial in farc t ions ,  

E a r l y  

The immediate 

The proposed s tudies  have been reviewed by the Division of Biology 
and Medicine and a r e  considered highly programmatic and of j o i n t  
i n t e r e s t  t o  the  A E C  and the  National Heart and Lung I n s t i t u t e .  I f  
approved and funded by NM, it i s  t h e  in ten t ion  of the  Division of 
Biology and Medicine t o  process the  proposal through AEC Headquarters 
as an Interagency Agreement. 

John R. Totter, h i re&or 
Division of Biology and Medicine 

Enclosure : 
A s  s t a t e d  
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S i q n n t u r e  Paae 

T i t l e :  Myocardia 1 Imaging 

I 

U n i v e r s i t y  of Chicago, D i v i s i o n  of B i o l o g i c a l  Sc iences  and 
P r i t z k e r  School of Medicine 

P r i n c i p a l  I n v e s t i g a t o r  Phone 
P r o f e s s o r  of Surgery: 

-Y' Pau l  V. Harper ,  M.D. 

Research Assoc l a t e  
f Profes  s o r )  Department 
of Radiology 

- Robert  Moseley, !%D. Chairman, Phone 

Department of Radiology - -  

C o r n e l i u s  W .  Vermeulen, M.D. Deputy Dean Phone 

for t h e  C l i n c a l  Sc iences  _ _  

D i v i s i o n  of B i o l o g i c a l  Sc iences  
and t h e  

P r i t z k e r  School of Medicine 

* ' ,  - *. . - .  ... ,. . I \  
* .  

Assistant Vice President Phone Cedric L. Chernick, Ph.D. 
f o r  Programs and Projec ts  
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and/or S c a r r e d  Myocardium - Methods S u i t a h l e  
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I n t r o d u c t o r y  Summary 

Myocardial imaging w i t h  r a d i o a c t i v e  potassium o r  one of 
its analogues i s  a w e l l  known procedure.  I f  it could  be per -  
f e c t e d  s o  t h a t  e a r l y  r ecogn i t ion  of t h e  presence  and e x t e n t  of 
l a r g e  a r e a s  of i n f a r c t e d  h e a r t  muscle were p o s s i b l e ,  it would 
provide  i n d i c a t i o n s  (which a r e  n o t  a t  p r e s e n t  a v a i l a b l e  t o  t h e  
phys ic i an )  f o r  e a r l y  vigorous forms of t he rapy .  The technique  
is non-invasive and w i t h  p o r t a b l e  imaging equipment could be 
used harmless ly  and r e p e a t e d l y  wi thou t  d i s t u r b i n g  t h e  p a t i e n t .  
P rospec t s  fo r  accomplishing t h i s  a r e  encouraging. The compact 
medical  c y c l o t r o n  a t  t h e  Argonne Cancer Research H o s p i t a l  is  
a v a i l a b l e  f o r  producing a v a r i e t y  of r a d i o a c t i v e  m a t e r i a l s  (K+, 
Rb+,  Cs+, T1+) which l o c a l i z e  i n  t h e  myocardium. There is l i k e -  
w i s e  i n  t h e  Department of Radiology'and i n  t h e  Argonne Cancer 
Research Hosp i t a l  an i n t e r e s t e d  and experienced-  group involved 
i n  t h e  development of new rad iopharmaceut ica ls ,  new imaging. pro- 
cedures  and equipment, and t h e  manipulat ion of image d a t a  by 
analogue and d i g i t a l  methods. A p o r t a b l e  imaging d e v i c e  is under 
development by t h e  Harshaw Chemical C o .  which appears  s u i t a b l e  
for  t h i s  a p p l i c a t i o n  and is  a v a i l a b l e  f o r  f i e l d  t r i a l .  The M I R U  
group a t  t h e  U n i v e r s i t y  of Chicago H o s p i t a l  i s  deeply  involved 
i n  t h e  planning and suppor t  of t h i s  p r o j e c t .  I n i t i a l  e f f o r t s  
would be  d i r e c t e d  toward improvepent of product  ion methods f o r  
t h e  most s u i t a b l e  agen t s .  F e a s i b i l i t y  s t u d i e s  on imaging of 
r e a l i s t i c  phantoms have a l r e a d y  been c a r r i e d  o u t  and a r e  encou- 
r ag ing .  The p r i n c i p a l  d i f f i c u l t i e s  l i e  i n  t h e  imaging procedures  
in man S O  t h a t  l i t t l e  would be gained from animal s t u d i e s ,  where 
t h e  imaging parameters  d i f f e r  markedly from man. I n i t i a l  c l i -  
n i c a l  s t u d i e s  would be undertaken on vo lun tee r s  and p a t i e n t s  w i t h  
s m a l l  i n f a r c t s .  I f  t h e  method proves c l i n i c a l l y  f e a s i b l e ,  i t s  
va lue  should be immediately apparent  and f i n a l  formal assessment 
of its t r u e  worth would be made by c o r r e l a t i o n  w i t h  c l i n i c a l  and 
p a t h o l o g i c a l  d a t a .  

- .) - 
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Techn ica l  Proposal  

1. 
2. 
3.  

4. 

T i t l e :  Myocardial  Imaging 
P r i n c i p a l  I n v e s t i g a t o r :  Paul  V. Harper ,  M.D. 
O t h e r  
P r o f e s s i o n a l  P e r s o n n e l :  L. Resnekov, K.A. La throp ,  R.N. Beck, 

C.B. Cha r l e s ton ,  P. Hof fe r ,  C .E .  Metz, 
H. Brooks, H. Krizek,  C .  Athanassopou- 
los, C . J .  Umbarger 

O v e r a l l  Goals:  

To i n v e s t i q a t e  the f e a s i b i l i t y  of myocardial  imaging by pot- 
assium r a d i o i s o t o p e s  o r  t h e i r  analogues i n  measuring t h e  e x t e n t  of 
a n  a c u t e  myocardial  i n f a r c t .  
l a rge  a r e a s  of i n f a r c t e d  h e a r t  muscle would provide  i n d i c a t i o n s  
for  e a r l y  v igorous  forms of t he rapy  and, i n  a d d i t i o n ,  would g ive  
the c l i n i c i a n  informat ion  which a t  p r e s e n t  he is  not  able t o  ob- 
t a i n .  Furthermore,  it is hoped t h a t  myocardial  imaging w o u l d ' a l -  
so be used s e r i a l l y  t o  diagnose ex tens ion  of t h e  l e s i o n  fo l lowing  
t h e  a c u t e  ep isode .  

- 

The e a r l y  r e c o g n i t i o n  and e x t e n t  of 

5 .  S p e c i f i c  Short-Term Goals:  --- 
1) TO d e l i n e a t e  which of t h e  a v a i l a b l e  n u c l i d e s  would be t h e  

most a p p r o p r i a t e  f o r  t h e  s tudy .  
2 )  T o  p e r f e c t  myocardial  imaging us ing  mobile appa ra tus  suit- 

able f o r  t h e  i n v e s t i g a t i o n  of t h e  a c u t e l y  ill p a t i e n t  a t  h i s  bed-  
s i d e .  

3) TO s tudy  1 5  p a t i e n t s  admi t ted  w i t h i n  t h e  coming yea r  t o  
the MIRU w i t h  a c u t e  myocardial  i n f a r c t i o n s  t o  determine t h e  u s e -  
f u l n e s s  of t h e  technique  and t o  c o r r e l a t e  myocardial  imaging with 
the  c l i n i c a l  and hemodynamic parameters  ob ta ined  and w i t h  any pa- 
tholog.,r s t u d i e s  undertaken. 

6 .  Methods of  Procedure.  -- 
1) Nuclide: - The fol lowing n u c l i d e s  w i l l  be a v a i l a b l e  ( a t  no 

c o s t ' t o  t h e  c o n t r a c t )  : --. 

- 7 -  
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Nuclide 

43K 

38K 

81Rb 

127cs 

13ocs 

198-2 02T 1 

22 h 

8 rnin 

4.7  h 

6 . 2  h 

30 min 

2 h-12 d 

P r i n c i p a l  Radia t ions  
Y 

85%.373;81%.619 

100% 2.2 

- 2 5 3 ;  .450; 1.1 

10% .125;72%.406 

high-energy m i x t .  

*ACRH 
*a mme r s m  i t h 
**Sloan-Kettering I n s t i t u t e  

Product  ior. 
React  ion  

4 0 t  

~ 5 2 0 0 *  

35** 

43** 

560* 

&3000* 

Work has a l r e a d y  commenced 
n u c l i d e  would be most a p p r o p r i a t e  f o r  myocardial  imaging. The 10  
day r e a c t o r  produced l 3 I C s  has been s t u d i e d  e x t e n s i v e l y  (1,2) a n d  
is probably  t h e  most convenient  agen t  f o r  animal  s t u d i e s  but the 
low energy  o f  i t s  r a d i a t i o n s  
any b u t  t h e  s u p e r f i c i a l  r eg ions  of  the  human h e a r t ,  and t h e  1 ~ ~ ~ 9  
h a l f - l i f e  and slow e x c r e t i o n  p reven t  r epea ted  examinat ions .  
(3) and 43K (4 )  have been used f o r  myocardial  imaging. 

have r e l a t i v e l y  l o n g  h a l f - l i v e s  

q u i r e s  a l a r g e r  c y c l o t r o n  f o r  i t s  product ion  t h a n  is r e a d i l y  a.:ail- 
able f o r  t h i s  p r o j e c t .  

and wil l .  con t inue  t o  d e l i n e a t e  which 

(30 KEV) prec ludes  i t s  use  f o r  i n a 5 i n g  

129-J~ 
These aqcnt -c  

32 and 22 h r s  r e s p e c t i v e l v ,  -..:h:cn 
would make r epea ted  examinat ions d i f f i c u l t .  I n  a d d i t i o n ,  123cs r e -  

Radia t ions  from 43K, 8 1 R b ,  38K and the  mixture  of t h a l l i u m  ice- 
t o p e s  ( 5 )  i n c l u d e  abundant h igh  energy gammas which make irnagir,? 
d i f f i c u l t .  
ly t h e  most f avorab le  cand ida te s  f o r  t h e  p r e s e n t  s t u d y  i f  adcc;z-:;?te 
amounts can be produced. 

T h i s  l eaves  6 .2  h r  127cs and 30 m i n .  1 3 0 ~ s  a s  pr3k::>- 

- 8 -  
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used (40 - 50 pa). T h i s  means t h a t  400 - 500 w a t t s  of power must  
be d i s s i p a t e d  as h e a t  i n  a 200 - 300 mg t a r g e t .  T h i s  may be ac- 
complished by spreading  t h e  t a r g e t  over a wide a r e a  and e i t h e r  de- 
focuss ing  o r  scanning t h e  beam. P r o t e c t i n g  t h e  machine from va- 
pors a r i s i n g  from decomposition of the  hea ted  t a r g e t  r e q u i r e s  
e i t h e r  very  e f f i c i e n t  coo l ing  of t h e  t a r g e t  which is  d i f f i c u l t  o r  
i n t e r p o s i t i o n  of a cooled  f o i l  window between t h e  t a r g e t  and t h e  
machine which degrades t h e  beam energy and reduces t h e  y i e l d .  The 
e x t e n s i v e  exper ience  of D r .  Umbarger i n  t h i s  a r e a  w i l l  prove i n -  
va luab le .  

I f  p roduc t ion  problems f o r  t h e s e  m a t e r i a l s  prove t o  be i n s o l u a b l e ,  
patassium-43 is probably t h e  next  bes t  candida te .  An argon gas  
t a r g e t  should presen t  n o  problem i n  coo l ing ,  though h a r v e s t i n g  
t h e  43K f r o m  t h e  t a r g e t  chamber may be d i f f i c u l t  t o  c a r r y  ou t  e f -  
f i c i e n t l y .  

Product ion  of 8 min. 30K is  very s imple and e f f i c i e n t  w i t h  deu- 
terons on 40Ca b u t  t h e  2 . 2  MEV gamma accompanying t h e  p+ decay 
r e n d e r s  imaging extreinely d i f f i c u l t .  

Product ion of 81% is f r a u g h t  wi th  d i f f i c u l t i e s  s i m i l a r  t o  t h e  
c e s i u m  i s o t o p e s ,  i . e . ,  a bromide t a r g e t ,  and it e m i t s  h i g h  energy 
r a d i a t i o n s  which i n t e r f e r e  w i t h  e f f i c i e n t  imaging. 

The t h a l l i u m  i so tope  mixture  i s  produced e a s i l y  from p ro ton  bom- 
bardment of mercury. When f r e s h ,  i t  c o n t a i n s  many s p e c i e s  emit-  
t i n g  h i g h  energy gammas. A f t e r  a week o r  t e n  days of aging t h e  
mixture  c o n t a i n s  l a r g e l y  201T1 and *02T1. 
cury  x-rays and t h e  204Tl e m i t s  an abundant 439 KEV gamma w h i c h  
may be used f o r  imaging. Here t h e  p r i n c i p a l  d i f f i c u l t y  i s  t h e  
1 2  day h a l f - l i f e  which p rec ludes  repea ted  examinat ions.  I t  is  
not  c l e a r  a t  the p r e s e n t  t i m e  which of t h e s e  n u c l i d e s  w i l l  pro- 
v i d e  t h e  m o s t  u s e f u l  agen t  i n  our  s i t u a t i o n .  

These e m i t  70 KEV mer- 

T a r g e t  p rocess ing  p r e s e n t s  f e w  s e r i o u s  problems. The rubidium 
and cesium i s o t o p e s  may be s e p a r a t e d  e a s i l y  by ion  exchange on 
Biorex-40. 
by s o l u t i o n  i n  a c i d  and p r e c i p i t a t i o n  of t h e  ca lc ium a s  t h e  car-  
bonate .  43K has  been  h a r v e s t e d  from an argon t a r g e t  by  r ec i r cu -  
l a t i n g  t h e  gas  r a p i d l y  through a g l a s s  f i l t e r  a l though much of 
the a c t i v i t y  s t i c k s  t o  t h e  w a l l s  of the t a r g e t  chamber. C a r r i e r  

38K may be s e p a r a t e d  from a m e t a l l i c  calcium t a r g e t  

0 0 0 0 0 2 1  
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free t h a l l i u m  is e a s i l y  s e p a r a t e d  from t h e  mercury target by 
s o l u t i o n  i n  a c i d i f i e d  ace tone .  Radiopharmaceut icals  con ta in ing  
these m a t e r i a l s  p r e s e n t  no product ion  d i f f i c u l t i e s .  

2,Myocardial Imaginq 

The b a s i s  f o r  myocardial  imaging is  the l o c a l i z a t i o n  of 
5 - 10% of t h e  i n j e c t e d  dose of r a d i o a c t i v i t y  i n  t h e  h e a r t  and 
its r a p i d  d isappearance  from t h e  blood. These numbers a r e  based 

out. The choice  of n u c l i d e  is  i n t i m a t e l y  dependent on t h e  a v a i l -  
able imaging dev ices ,  Col l imat ion  and s h i e l d i n g  of t h e  d e t e c t o r  
in most cclmmercial devices  a r e  u s u a l l y  l i m i t e d  t o  an upper range 
of 300 - 400 KEV gamma energy. Accessor ies  f o r  imaging h igh  ener-  
gy r a d i a t i o n s  up t o  500 KEV may be ob ta ined  f o r  some dev ices .  G e o -  
m e t r i c a l  r e s o l u t i o n  of such h i g h  energy dev ices  is u s u a l l y  poor 
as t h e y  a r e  designed f o r  bone scanning. w i t h  l 8 F  o r  85Se. 

.on animal s t u d i e s  and c l i n i c a l  o b s e r v a t i o n s  appear  t o  bea r  them 

An a d d i t i o n a l  requirement i n  t h e  p r e s e n t  p r o j e c t  is  t h a t  t h e  de-  
v i c e  must be p o r t a b l e  and s u i t a b l e  f o r  use  i n  t h e  Myocard ia l ' In -  
f a r c t  Research U n i t .  A commercial dev ice  ( t h e  "Quantascope") 
which meets many of t h e  requirements  f o r  myocardial  imaging u s i n g  
h igh  energy e m i t t e r s  i s  u n d e r  development a t  t h e  Harshaw Chemical 
Co. and i s  a t  p r e s e n t  undergoing f i e l d  t r i a l s .  This  instrument  is 
an e x t e r n a l  energy convers ion  image i n t e n s i f i e r  device .  A t  t h e  
f r o n t  end an a r r a y  of 2500 1/8" x 5/8" C s I ( T 1 )  extruded s c i n t i l l a -  
t i o n  c r y s t a l s  a r e  d i r e c t l y  coupled 
fier tube.  I n  a second s t a g e  t h e  ampl i f i ed  image i s  viewed on an 
ou tpu t  phosphor by a photo m u l t i p l i e r  tube .  Since t h e  s i g n a l  on 
t h e  o u t p u t  phosphor i s  p r o p o r t i o n a l  t o  t h e  energy of t h e  photon 
absorbed i n  t h e  s c i n t i l l a t o r ,  p u l s e  h e i g h t  a n a l y s i s  may be c a r r i e d  
o u t  i n  t h i s  way t o  r e j e c t  s c a t t e r e d  r a d i a t i o n .  When a p u l s e  from 
t h e  p h o t o m u l t i p l i e r  e n t e r s  a p r e s e t  window, t h e  e l e c t r o n  s i g n a l  
beam i s  d e f l e c t e d  on to  a second o u t p u t  phosphor where it i s  re -  
corded by a camera. Thus pu l se  h e i g h t  a n a l y s i s  i s  c a r r i e d  out  on 
the l ead ing  edge of t h e  e l e c t r o n  beam s i g n a l  and t h e  t a i l  is  re- 
corded i n  t h e  image. T h i s  system has  advantages and d isadvantages  
The p u l s e  h e i g h t  r e s o l u t i o n  i s  very  poor compared t o  convent iona l  
equipment. However, t h e  r e s o l u t i o n  i s  independentof energy un- 
l i k e  t h e  Anger camera, and t h e  t h i c k e r ,  d e n s e r ,  h i g h e r  Z c r y s t a l s  
have a g r e a t e r  d e t e c t i o n  e f f i c i e i i c y  t h a n  t h e  Anger camera, a l though 
escape of t h e  compton photon reduces t h e  photopeak e f f i c i e n c y .  

o p t i c a l l y  t o  a RCA l i g h t  ampli- 

- -  

0000028 

- 10 - 



Coinc ident  photons may be recorded i n  t h e  f i n a l  image a t  h igh  
coun t  r a t e s  s i n c e  t h e  beam is  d e f l e c t e d  f o r  about  5 pseconds 
f o r  each recorded p u l s e  and dur ing  t h i s  i n t e r v a l  unanalyzed 
s i g n a l s  may g e t  th rough.  S ince  t h e  l i g h t  ou tpu t  i s  p ropor t io -  
nal t o  t h e  gamma energy ,  p u l s e s  from gammas above t h e  d e s i r e d  
range make e x c e s s i v e l y  b r i g h t  s p o t s  i n  t h e  r eco rd .  Low energy 
s c a t t e r e d  photons have a lower l i g h t  ou tput  and hence cause lit- 
t l e  d i f f i c u l t y  under t h e s e  c o n d i t i o n s .  T h i s  e f f e c t  may be m i n i -  
mized by s h o r t e n i n g  t h e  t i m e  t h e  window is  open t o  about 1 pse- 
cond w i t h  consequent loss of l i g h t  i n  t h e  o u t p u t ,  A t h i r d  s t a g e  
l i g h t  a m p l i f i e r  may be used t o  i n c r e a s e  t h e  l i g h t  ou tput  with-  
out degrading t h e  image apprec iab ly .  

The c o l l i m a t o r  des ign  i s  such t h a t  each c o l l i m a t o r  ho le  is  1/8" 
in diameter  and looks a t  one c r y s t a l .  The c r y s t a l s  a r e  sepa ra t ed  
a t  t h e  tube' f ace  by 3/16 on c e n t e r s .  For  h igh  e n e r g i e s  t h i c k e r  
c o l l i m a t o r s  a r e  used. For t h e  h i g h e s t  ,energy, Tungsten l i n e r s  
in each h o l e  reduce t h e  s e p t a l  p e n e t r a t i o n  s o  t h a t  t h e  c a l c u l a t e d  
va lue  a t  600 KEV of t h e  p e n e t r a t i o n  f r a c t i o n  i s  5 - 10%. T h i s  
is a very remarkable r e s u l t .  The image intensifi3.r  tube  input '  
window has  a s p h e r i c a l  s u r f a c e  t o  which t h e  c r y s t a l  a r r a y  and 
c o l l i m a t o r  conform, T h i s  has  a h a l f  ang le  of 2 5 0 ,  so  t h a t  t h e  
c o l l i m a t o r  is moderately d ive rgen t .  

In looking a t  low and moderate energy gammas t h e  s c a t t e r  r e j e c -  
t i o n  i s  poor even w i t h  t h e  good p u l s e  h e i g h t  r e s o l u t i o n  of con- 
v e n t i o n a l  NaI d e t e c t o r s ,  and i s  worse than  poor wi th  t h e  Quanta-  
scope. A t  h igh  e n e r g i e s  t h i s  i s  no longer t r u e .  Compton s c a t -  
t e r  is degraded i n  energy much more w i t h  h i g h e r  primary energy 
and t h e  marginal  p u l s e  h e i g h t - a n a l y s i s  i s  more e f f e c t i v e  i n  
t h i s  range,  Crude t e s t i n g  a t  393 KEV i n d i c a t e d  t h a t  s i n e  wave 
pa t te rn  of 2 . 5  c y c l e s  p e r  cen t ime te r  were v i s u a l l y  r e s o l v a b l e  i n  
t h e  photographic  r eco rd  3% inches from t h e  c o l l i m a t o r  f a c e .  With 
3 inches of l u c i t e  s c a t t e r i n g  m a t e r i a l  in t roduced  between t h e  ab- 
ject  and t h e  c o l l i m a t o r  t h e  r e s o l u t i o n  was degraded t o  
cles/cm. T h i s  i s  s t i l l  f a r  b e t t e r  t han  is  a t t a i n a b l e  wi th  conven- 
t i o n a l  scanning equipment. Under  t h e s e  c o n d i t i o n s  t h e  s e n s i t i v i t y  
was about SO% of t h a t  of t h e  Anger camera w i t h  a 3 inch 1000 h o l e  
c o l l i m a t o r  and a 20% window. 

1 . 5  cy- 

-_ 
The Quantascope t h u s  appears  p o t e n t i a l l y  capab le  of g i v i n g  i m -  
proved s p a t i a l  r e s o l u t i o n  a t  high gamma e n e r g i e s  wi th  l i t t l e  s a c r i -  
f i c e  of s e n s i t i v i t y  under r e a l i s t i c  c o n d i t i o n s .  One  of t h e  g r e a t e s t  
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weaknesses a t  t h e  p r e s e n t  t ime is t h e  d i f f i c u l t y  i n  o b t a i n i n g  
a b s o l u t e l y  uniform o p t i c a l  coupl ing  between t h e  2500 c r y s t a l s  
and t h e  l i g h t  a m p l i f i e r  t ube  face .  When d ry  coupl ing is  used 
t h i s  is a sma l l  problem. The s p a t i a l  r e s o l u t i o n  of t h e  l i g h t  
a m p l i f i e r  

- 

system is such t h a t  i n d i v i d u a l  c r y s t a l s  be seen.  
A 

T h i s  is accomplished a t  t h e  c o s t  of a 50% reduct ion  i n  l i g h t  
o u t p u t  so t h a t  t h e  p u l s e  h e i g h t  a n a l y s i s  is f u r t h e r  degraded. 

c o l -  l i g h t  t h e  a s i l i c o n e  o p t i c a l  coupl ing  o i l  improves 
- 

Us ing - 

l e c t i o n  b u t  r e s u l t s  i n  a s u b s t a n t i a l  v a r i a t i o n  i n  t h e  uniformi-  
t y  which makes t h e  device  almost unuseable.  S u b s t i t u t i o n  of so- 
dium a c t i v a t e d  C s I  f o r  t h e  t h a l l i u m  a c t i v a t e d  m a t e r i a l  i n c r e a s e s  
t h e  l i g h t  ou tpu t  by a f a c t o r  of two and parrnits dry coupl ing  
w i t h o u t  loss of energy r e s o l u t i o n .  Another op t ion  which i s  e f -  
f e c t i v e  is t o  rock t h e  imaging system s l i g h t l y  about i t s  h o r i -  
z o n t a l  sup?or t  a x i s  whi le  main ta in ing  t h e  p o s i t i o n  of t h e  image 
on t h e  o u t p u t  phosphor f i x e d  by s e r v o  r egu la t ed  e l e c t r i c a l  b i a s  
on t h e  d e f l e c t o r .  This  has  t h e  e f f e c t , o f  averaging out  i r r e g u -  
l a r i t i e s  i n  t h e  f r o n t  end response wi thout  degrading t h e  s p a t i a l  
r e s o l u t i o n .  Well understood s o l u t i o n s  thus appear t o  be a v a i l -  
a b l e  
and there  appear  t o  be no s e r i o u s  o b s t a c l e s  t o  i t s  use a s  a 
p o r t a b l e  and e f f e c t i v e  imaging device  i n  t h e  p r e s e n t  p r o j e c t .  

f o r  t h e  p r i n c i p a l  developmental  problems of t h e  Quantascope 

P re l imina ry  s t u d i e s  using a r e a l i s t i c  h e a r t  phantom made from 
p l a s t i c  and wax c a s t i n g s  of a f i x e d  p a t h o l o g i c a l  specimen i n d i -  
c a t e  c l e a r l y  t h a t  even under i d e a l  c o n d i t i o n s ,  i . e . ,  no a c t i v i t y  
i n  t h e  i n f a r c t  and no a c t i v i t y  i n  t h e  surrounding msdium, myocar- 
d i a l  images w i l l  be l o w  c o n t r a s t .  Under t h e s e  c o n d i t i o n s  it i s  
necessa ry  t o  c o l l e c t  many coun t s  t o  reduce the s t a t i s t i c a l  no ise  
i n  t h e  p i c t u r e  so t h a t  it can be s u b j e c t e d  t o  edge enhancement 
procedures  b e t t e r  t o  o u t l i n e  t h e  i n f a r c t s .  Since one of t h e  re-  
qu i rements  of t h e  r e q u e s t  f o r  c o n t r a c t  p roposa l  was t o  a t t empt  
t o  map r e a l i s t i c a l l y  reg ions  of normal, ischemic,  and dead myo- 
cardium, analogue methods of c o n t r a s t  enhancement (whi le  being 
e f f e c t i v e  i n  p r e s e n t i n g  i n t e r p r e t a b l e  v i s u a l  images) would s a c r i -  
f i c e  t h e  oppor tun i ty  t o  reduce t h e  images t o  numerical  d a t a .  T o  
accomplish t h i s  it seems d e s i r a b l e  t o  d i g i t i z e  t h e  ou tpu t  of t h e  - 
Quantascopc.  This  may be accomplished f o r  count  r a t e s  contem- 
p l a t e d  i n  t h e  proposa l  (500  - 1000 cps)  by s imple videcon methods. 
~ 

A comprehensive da t a  a c q u i s i t i o n  system and computer i n t e r f a c e  is 
under consc ruc t ion  a t  t h e  p r e s e n t  t i m e  a t  t h e  Argonne Cancer R e -  
s ea rch  H o s p i t a l  and would be a v a i l a b l e  f o r  u s e  wi th  t h i s  p r o j e c t .  

J 
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I f  c a r d i a c  motion appears  t o  degrade t h e  image s i g n i f i c a n t l y ,  
it is  very  s imple  t o  g a t e  the  Quantascope on and off w i t h  t h e  
ECG . 

3) P a t i e n t  S t u d i e s  

The c l i n i c a l  a p p l i c a t i o n  of t h e  t echn iques  o u t l i n e d  w i l l  
f o l low the p r e l i m i n a r y  s t u d i e s  t o  d e f i n e :  

1) cho ice  of nuc l ide  
2)  appa ra tus  s u i t a b l e  f o r  t h e  i n v e s t i g a t i o n  of t h e  a c u t e l y  

ill pa t i en t  a t  h i s  beds ide .  

S t u d i e s  w i l l  be c a r r i e d  o u t  i n  t h e  two-bed Myocardial I n f a r c t i o n  
Research U n i t .  I t  i s  a n t i c i p a t e d  t h a t  1 5  p a t i e n t s  w i l l  be s t u d i e d  
i n  t h e  f i r s t  year a s  foll.ows: 

Complete c l i n i c a l  and e l ec t roca rd iog . r aph ic  assessment - a s  
detailed i n  t h e  a t t a c h e d  c l i n i c a l  and ECG p r o t o c o l  (Appendix). 

Hemodynamic c h a r a c t e r i z a t i o n  - see a t t a c h e d  c a r e  p r o t o c o l  

The c i r c u l a t o r y  c h a r a c t e r i z a t i o n  of t h e  s e v e r i t y  of t h e  l e s i o n  
w i l l  be c a r r i e d  ou t  as soon a s  feas ib le  fol lowing admission t o  
h o s p i t a l  us ing  techniques  s u i t a b l e  f o r  t h e  i n v e s t i g a t i o n  of po- 
t e n t i a l l y  a c u t e l y  ill p a t i e n t s  and a l lowing  t h e  f a c i l i t y  f o r  102;- 
term hemodynamic monitor ing as deemed necessary .  On t h e  complc- 
t i o n  of t h i s  i n i t i a l  hemodynamic c h a r a c t e r i z a t i o n  an in t ravenous  
i n j e c t i o n  of t h e  chosen n u c l i d e  w i l l  be made and myocardial  images  
ob ta ined .  

A c a r e f u l  c o r r e l a t i o n  w i l l  be made between t h e  s i z e  and l o c a t i o n  
of t h e  i n f a r c t e d  a r e a  as demonstrated by myocardial  imaging a n d  
the 1) c l i n i c a l  

2) e l e c t r o c a r d i o g r a p h i c  
3 )  hemodynamic 

assessments. 

S e r i a l  imaging w i l l  con t inue  d a i l y  wi th  t h e  c l i n i c a l  ECG and he:-- 
dynamic i n v e s t i g a t i o n s  t o  determine whether myocardial  imaging i s  
of use i n  d e t e c t i n g  

-_ 1) extens ion  
2) regression 

of t h e  i n i t i a l  l e s i o n .  
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A c a r e f u l  p o s t  m o r t e m  assessment  w i l L  be made i n  any p a t i e n t  
who d i e s  accord ing  t o  t h e  MIRU Pathology P ro toco l  ( D r s .  Robert 
Wissler, Seymour Glagov) t o  determine t h e  ana tomica l  c o r r e l a -  
t i o n  of myocardial  imaging. 

1. 

2. 

3 .  

4. 

5.  
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Sta tement  of Work 

C l e a r l y ,  as i n d i c a t e d  i n  t h e  t e c h n i c a l  p roposa l ,  t h e  problems 
of i s o t o p e  p roduc t ion  must be worked out  so  t h a t  an adequate  
supp ly  of n u c l i d e  of whichever s p e c i e s  f i n a l l y  chosen w i l l  be 
a v a i l a b l e  a t  s h o r t  n o t i c e .  
bet ter  f o r  d e t a i l e d  images, 13oCs might be b e t t e r  fm r epea ted  
s t u d i e s .  

Conceivably 6 h r  127Cs w i l l  be 

Concur ren t ly  w i t h  t h e s e  e f f o r t s  imaging s t u d i e s  wi th  t h e  Quanta-  
scope w i l l  be c a r r i e d  ou t  on phantoms and v o l u n t e e r s  t o  determine 
t h e  b e s t  imaging parameters  and t o  i r o n  ou t  any t e c h n i c a l  pro- 
b l e m  w i t h  t h e  device .  

A s h o r t  ser ies  of p a t i e n t s  w i t h  myocardial  i n f a r c t s  w i l l  t hen  
be s t u d i e d  using t h e  d i r e c t  images from t h e  machine. Processing 
t h e s e  by analogue means a l r e a d y  i n  e x i s t e n c e  should t h e n  pc r -  
m i t  s e r i o u s  c o n s i d e r a t i o n  of t h e  g a i n s  t o  be achieved by d i g i t a l  
p rocess ing .  I f  it appears  f e a s i b l e  and d e s i r a b l e  it w i l l . b e ,  
implemented i n  t h e  second yea r  of t h e  program where it w i l l  f i t  
in wi th  c o n c u r r e n t  developments i n  t h e  d a t a  a c q u i s i t i o n  e q u i p -  
ment  i n  t h e  nearby medicine l a b o r a t o r y ,  

Subsequent e f f o r t s  w i l l  be d i r e c t e d  toward c o r r e l a t i o n  s t u d i e s  
t o  assess t h e  worth of t h e  procedure over  a p e r i o d  of s e v e r a l  
y e a r s .  

F a c i l i t i e s  and Resources 

The e x i s i t i n g  f a c i l i t i e s  have a l l  been a l l u d e d  t o  i n  t h e  t e c h n i c ?  
p roposa l .  

1) The ACRH Cyclo t ron  F a c i l i t y  

During t h e  p a s t  18 months a t  t h e  Argonne Cancer Research 
H o s p i t a l  a compact medical  c y c l o t r o n  (Cyclotron Corpora t ion ,  
Berkeley,  C a l . ,  Mod. CS-15) h a s  been i n  o p e r a t i o n .  T h i s  machine 
produces 1 5  MEV p r o t o n s ,  8 MEV deu te rons ,  2 0  MEV - 3He and 1 5  MEV 
a beams. An e x t e r n a l  beam of SO pa i s  useable .  Opera t ion  d u r i n c  

0 0 0 0 0 3 3  
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the p a s t  y e a r  h a s  been w i t h  t r i v i a l  down time. 
ment and maintenance h a s  been under L e s t e r  Skaggs, Ph.D., Pro- 
fessor of Medical Phys ic s ,  and h i s  engineer ing  s t a f f .  Machine 
o p e r a t i o n  h a s  been under D r .  Paul  Harper  who p e r s o n a l l y  f o r  
the f i r s t  y e a r  c a r r i e d  t h e  major l oad  of o p e r a t i o n ,  t a r g e t  de- 
s i g n  and exper imenta t ion .  An exper imenta l  p h y s i c i s t  w i t h  sub- 
s t a n t i a l  exper ience  is v i t a l l y  needed i n  t h i s  a r e a  a s  i n d i c a t e d  
in t h e  t e c h n i c a l  p roposa l ,  and w e  a r e  a t t empt ing  t o  r e c r u i t  D r .  
Umbarger f o r  t h i s  p o s i t i o n ,  

Machine develop- 

2)  Radiochemistry F a c i l i t i e s  

F a c i l t i e s  f o r  handl ing  and process ing  c y c l o t r o n  t a r g e t s  
and hand l ing  major q u a n t i t i e s  of r a d i o a c t i v i t y  e x i s t  i n  c l o s e  
p r o x i n i t y  t o  t h e  c y c l o t r o n  v a u l t .  

s p e c t r a l  measurements, a s ing le-channel  ana lyze r  and m u l t i s c a l e r  
f o r  decay measurements. S o l i d  s t a t e  d e t e c t o r s  a r e  a v a i l a b l e  f o r  
s p e c i a l  s t u d i e s  r e q u i r i n g  h igh  energy r e s o l u t i o n .  
s t o r a g e  f a c i l i t i e s  i nc lude  two h i g h  velocity flair hoods,  a hooded 
muf f l e  fu rnace  and a s h i e l d e d  cave w i t h  remote manipula tors  cap- 
a b l e  of handl ing  10 C i  of 6oCo f o r  40 h r s  a week. 
t i o n  is i n  charge of Helen Krizek,  Ph.D., a chemist .  

These inc lude  l a b o r a t o r y  
' s p a c e  wi th  count ing  f a c i l i t i e s ,  a mult i -channel  a n a l y z e r  f o r  

Handling and 

Th i s  opera-  

.3) Rad i opha rmac e u t  i c  a 1 Deve 1 opment F ac i 1 it i e s 

T h i s  i nc ludes  l a b o r a t o r i e s  w i t h  adequate  work space ,  
coun t ing  f a c i l i t i e s ,  ion  chamber equipment f o r  r a d i a t i o n  measure- 
m e n t s ,  f i v e  high l o w  hoods and b a c t e r i o l o g i c  i n c i b a t o r  and small 
animal  scanning equipment. T h i s  f a c i l i t y  is  i n  charge  of K.A. 
Lathrop ,  M.S. 

4) Machine Shop 

T h i s  is a completely equipped machine shop ope ra t ed  by  
a foreman w i t h  a draf tsman and f i v e  s k i l l e d  mach in i s t s .  I t  oc- 
cup ie s  approximately one t h i r d  of t h e  f i r s t  f l o o r  of t h e  Argonne 
C a n c e r  Research H o s p i t a l .  

5 )  E l e c t r o n i c  I n s t r u m e n t  Development Shop. 

T h i s  f a c i l i t y  i s  a d j a c e n t  t o  t h e  machine shop. I t  employs 
three e l e c t r o n i c  t e c h n i c i a n s  and two eng inee r s  and is  opera ted  
by D . B .  Char l e s ton .  T h i s  group makes t h e i r  own c i r c u i t  boa rds ,  
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hand le  moderately complex d i g i t a l  equipment a s  well aa ttlc 

u s u a l  run of e l e c t r o n i c  development and maintenance problems. 

6 )  x h s  C l i n i c a l  Nuclear Medicine Operat ion.  

T h i s  o p e r a t i o n  i n  t h e  Department of  Radiology was deve- 
loped by D r .  A .  Got t scha lk  and is opera ted  a t  t h e  p r e s e n t  by 
D r .  Paul  Hoffer ,  T h i s  is a h i g h l y  s o p h i s t i c a t e d  group deeply 
involved i n  making u s e  of t h e  new imaging methods developed 
by the Argonne group such a s  new rad iopharmaceut ica ls ,  equipment 
and o t h e r  approaches such a s  f l u o r e s c e n t  imaging of t h e  iod ine  
i n  t h e  t h y r o i d  developed by  D r  Hoffer .  The nuc lea r  medicine f a -  
c i l i t y  is nea r  t h e  MIRU u n i t ,  and t h e  d i g i t a l  da t a  a c q u i s i t i o n  
equipment under development i n  t h e  e l e c t r o n i c s  shop w i l l  be housed 
t h e r e u l t i m a t e l y  wi th  remote t e r m i n a l s  i n  t h e  M I R W  and rad iophar -  
maceu t i ca l  l a b o r a t o r y .  

7 )  The Image Analys is  Group 

I n  c o l l a b o r a t i o n  w i t h  t h e  e l e c t r o n i c  group whose primary 
i n t e r e s t  is t h e  development of analogue image processing methods, 
t h e  image a n a l y s i s  group which inc ludes  D r .  Metz 's  and Eir. Beck's 
o p e r a t i o n s  w i l l  s t u d y  and s e t  up t h e  o p e r a t i o n a l  procedures  for 
t h e  d a t a  a c q u i s i t i o n  equipment and subsequent  d a t a  manipulat ion 
w i t h  t h e  360-65 computer a t  t h e  U n i v e r s i t y  of Chicago Computation 
C e n t e r .  

8 )  F a c i l i t i e s  of t h e  ?Ivocardial  I n f a r c t i o n  Research U n i t .  

The c l i n i c a l  f a c i l i t y  of t h e  M I R U  is a s p e c i a l l y  d e s i g n e d  
two-ked a r e a  w i t h i n  t h e  Coronary Care U n i t  of t h e  Un ive r s i ty  Me- 
d i c a l  Cen te r  and is equipped w i t h  monitor ing appa ra tus  t o  permit 
i n v e s t i g a t i o n s  a t  t h e  beds ide  and t h e  c o l l e c t i o n  and a n a l y s i s  of  
d a t a  over  days o r  hours  a s  needed. The a r e a  i s  provided w i t h  two 
dedicated computers f o r  t h e  c l i n i c a l  e v a l u a t i o n ,  hernodynamic a s -  
s e s s m e n t  and ECG'analysis on a 24-hour b a s i s .  A mobile irna9e 
i n t e s i f i c a t i o n  x-ray u n i t  permi ts  f luoroscopy i n  t h e  radiolucent 
beds i n  which t h e  p a t i e n t s  a r e  nursed.  I n  c l o s e  proximity i s  a 
well-equipped a n a l y t i c  l a b o r a t o r y  f o r  t h e  r o u t i n e  a n a l y s i s  of  
t h e  blood samples,  exp i r ed  a i r  and u r i n e  samples. The clinical 
a r e a  i s  s t a f f e d  by Drs. Resnekov, Lipp, Gambetta and Brooks, 
suppor ted  by D r s .  Yanowitz and Fozzard and by two c a r d i a c  fellows. 
There is i n  a d d i t i o n  a r e s i d e n t  and i n t e r n  s t a f f  a t t a c h e d  t o  t h e  
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c a r d i o l o g y  s e r v i c e  and n u r s i n g  c a r e  is u n d i r  the diract . i i l t i  
of Miss Joanne Pe rne r ,  Techn ica l  h e l p  is provided by M i s s  
S h e i l a  King and a s t a f f  of f o u r .  

The r e l a t i o n s h i p  of a l l  t h e s e  f a c i l i t i e s  t o  t h e  proposed re -  
s e a r c h  p r o j e c t s  is d i r e c t  and f u n c t i o n a l  a s  i n d i c a t e d  i n  t h e  
t e c h n i c a l  proposa l .  

Equipment 

A major p a r t  of t h e  t e c h n i c a l  proposa l  i s  a d i s c u s s i o n  of 
t h e  quantascope. T h i s  i s  t h e  major r eques t  f o r  suppor t  u n d e r  
t h e  c o n t r a c t .  The Harshaw engineer ing  s t a f f  is most c o o p e r a t i v e  
and a l r e a d y  much f r u i t f u l  c o l l a b o r a t i o n  has  taken p l a c e  i n  t h e  
development. 
$25 ,000  w i l l  be  r e q u i r e d  t o  implement t h e  d i g i t a l  i n t e r f a c e  
and d i s p l a y  system r e l e v a n t  t o  myocardial  imaging. 

I n  t h e  second yea r  of t h e  p r o j e c t  approximately 

P a t i e n t  Avz i l a b i l i t y  

There is no problem w i t h  t h i s  i n  view of t h e  e x i s t e n c e  of  
t h e  MIRU at . t h e  U n i v e r s i t y  of Chicago Hospitals. 
was in f a c t  i n i t i a t e d  by t h e  MIRU'group. 

T h i s  propcsal 

Orqan iza t ion  and Adminis t ra t ion .  

The c y c l o t r o n  o p e r a t i o n  i s  d i r e c t l y  under D r .  Paul  V .  H a r ~ s : r .  
This  is i n  t h e  Argonne Cancer Research H o s p i t a l  opera ted  by  :::n 

U n i v e r s i t y  of Chicago f o r  t h e  United S t a t e s  Atomic Anergy Co:n- 
miss ion .  The D i r e c t o r ,  D r .  A .  G o t t s c h a l k ,  h a s  expressed w a r m  
enthusiasm f o r  t h i s  p r o j e c t .  

Support ing personnel  and f a c i l i t i e s  i n  t h e  Argonne H o s p i t a l  as 
mentioned above, i nc lude  H. Krizek,  Ph.D., i n  charge of t h e  r a -  
diochemlcal  p r o c e s s i n g ,  K . A .  La throp ,  i n  cha rge  of t h e  r a d i o -  
pharmaceut ical  development: R . N .  Beck, i n  charge  of scanning 
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tnd collimator des ign ;  D.B.  C h a r l e s t o n ,  i n  charge of  e l e c t r o n i c  
e n g i n e e r i n g  , and C.  Metz, i n  charge  of image a n a l y s i s  and 
p rocess ing .  T h i s  i s  a heterogenous  and coope ra t ive  group i n  
the Department of Radiology f o r  t h e  most p a r t  i n  t h e  S e c t i o n  
of Radio logic  S c i e n c e s  under D r .  Kurt Rossmann, Ph.D. The 
c o n t r a c t  would be adminis te red  under t h e  d i r e c t i o n  of t h e  De- 
par tment  of Radiology, R.D. Moseley, Chairman. The imaging 
procedures  would be supe rv i sed  by the  s e c t i o n  of Nuclear Me- 
d i c i n e  under P. Hoffer ,  M.D., i n  t h e  Department of Radiology, 

MIRU under D r s .  Resnekov and Brooks. D r s .  Harper and Resnekov 
would be t h e  prime p lanne r s  f o r  t h i s  r e sea rch .  

and the  p a t i e n t  r e s p o n s i b i l i t y  would be c a r r i e d  ou t  through :- 

\ 

Support  f o r  Related Work. 

Much of t h i s  has  been d e s c r i b e d  i n  t h e  t e c h n i c a l  p roposa l  
as suppor t ing  t h e  c o n t r a c t  e f f o r t  r a t h e r  than seeking  s u p p o r t ,  
The p roposa l  i s  c l e a r l y  a long a l i n e  of e f f o r t  to which w e  a r e  
a l r e a d y  deeply  committed, a n d  t h e  c o n t r a c t  suppor t  will acce-  
l e r a t e  p r o g r e s s  of t h e  work immensely. 

&- 
F a c i l i t i e s  supported i n  t h e  Argonne Cancer Research H o s p i t a l  
under c o n t r a c t  AT (11-1) -69 between t h e  Un ive r s i ty  and t h e  A t o -  
m i c  Energy Commission, D i v i s i o n  of Biology and Medicine,  a r e  a s  
fo l lows  : 

Total 
ACRH P r o j e c t  22 
Cyclo t ron  and Radiochemistry 70,000 97,000 167,000 

ACRH P r o j e c t  11 
Radiopharmaceutical  Development 50,000 69 , 000 119  , 000 

ACRH Project 5 and p a r t  of 
P r o j e c t  29, Imaging Group 62 , 000 85,000 147 , 000 

Direct  Cost  I n d i r e c t  Cos t  

ACRH Machine Shop 

ACRH E l e c t r o n i c s  Shop 

102,000 

125,000 
inc luded  i n  i n d i r e c t  co  

The Nuclear Medicine F a c i l i t y  i s  p a r t  of t h e  U n i v e r s i t y  of Chicago 
H o s p i t a l  F ' l t i en t  ope ra t ion  and is s e l f - s u p p o r t i n g .  - 

- _. 
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The Myocardial  Research Uni t  is  suppor ted  by Con t rac t  #PH 43- 
68-1334 from N a t i o n a l  I n s t i t u t e s  of Health. 

P r e s e n t  Y e a r  

D i r e c t  Cos t s  I n d i r e c t  Cos t s  T o t a l  

365,038 41,915 406 # 953 

Support  fo r  the ACFW Pro jec ts  w i l l  con t inue  a t  approximately t h e  
same l e v e l .  

Support  has been r eques t ed  fo r  the MIRU a t  a t o t a l  f i g u r e  of 
$297,365 f o r  nex t  y e a r  and t h i s  f i g u r e  w i l l  be s u b j e c t  t o  nego- 
t i a t i o n ,  

Under the  MIRU c o n t r a c t ,  25% s u p p o r t  f o r ' t h e  Quantscope purchase  
has been r eques t ed  ( P r o j e c t  1, Subpro jec t  11). 

A Radiology Cen te r  Grant  a p p l i c a t i o n  t o  inc lude  a l l  a s p e c t s  of 
r a d i o l o g i c  and r a d i o i s o t o p e  imagifig has been proposed t o  the  Na- 
t i o a n l  I n s t i t u t e  of Genera l  Medical Sciences,  
is i n  p r e p a r a t i o n  and w i l l  be submi t ted  w i t h i n  the nea r  f u t u r e .  

T h e  g r a n t  proposed 

Under t h e  p r e s e n t  p roposa l  we  a r e  r e q u e s t i n g  only  suppor t  which 
w i l l . b e  comple te ly  committed t o  myocardial  imaging by augmentat ion 
of the c a p a b i l i t i e s  of e x i s t i n g  f a c i l i t i e s .  

A d d i t i o n a l  I n s t i t u t i o n a l  Resources.  

The U n i v e r s i t y  Computation Cen te r  has IBM 7094 and IBM 360/65 
computation equipment. 
p l u s  a n  IBM 1401 Biomedical Computer F a c i l i t y  i s  i n  close proximi ty  
t o  the MIRU and Nuclear  Medicine F a c i l i t i e s .  

A remote j o b  e n t r y  f a c i l i t y  ( I B M  360/20) 

Futu re  and' A l t e r n a t i v e  Fundinq. 

The funding i n d i c a t e d  by  t h e  ACRH suppor ted  o p e r a t i o n s  w i l l  
con t inue  a t  about  t h e  same l e v e l .  
t h e  MIRU C o n t r a c t  Renewal C o n t r a c t  N o .  PH 43-68-1334, P r o j e c t  1, 
Subpro jec t  11, f o r  25% of  t h e  c o s t  of t h e  Quantascope. T h i s  re- 
q u e s t  w i l l  be withdrawn i f  t h e  p r e s e n t  c o n t r a c t  (WP NHLI-71-10) 
is awarded. 

App l i ca t ion  has  been made under 

b 
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A p p l i c a t i o n  is i n  p r e p a r a t i o n  f o r  a R-diology C e n t e r  G r a n t  t o  
the Na t iona l  I n s t i t u t e  of G e n e r a l  Medical Sc iences  which w i l l  
i n c l u d e  the major items r eques t ed  i n  t h i s  c o n t r a c t .  
t i c i p a t e d  t h a t  t h e s e  i t e m s  may be picked up by t h e  Center  Grant 
if it is awarded when the  mission of t h i s  c o n t r a c t  is f u l f i l l e d .  

I t  is an- 

tr 
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The U s e  of Human S u b j e c t s  

T h i s  p r o j e c t  has  been submi t ted  to t h e  C l i n i c a l  I n v e s t i g a -  

c 
t i o n  C o m m i t t e e  of t h e  Div i s ion  of B i o l o g i c a l  Sc iences  of t h e  
U n i v e r s i t y  of Chicago for review and approval ,  and w i l l  be c a r r i e d  
out i n  accordance w i t h  t h e  I n s t i t u t i o n a l  Assurance f i l e d  wi th  N I H  
by the U n i v e r s i t y  of Chicago concerning t h e  use of human s u b j e c t s .  

- Radia t ion  Dose Es t ima tes  

For t h e  va r ious  r a d i o n u c l i d e s  r a d i a t i o n  dose estimates a re  
i n d i c a t e d  i n  t h e  fo l lowing  table .  These a re  computed us ing  t h e  
absorbed f r a c t i o n  method assuming complete r e t e n t i o n  and complete 
decay. 

. i s  assumed t o  c o n t a i n  5% of the i n j e c t e d  dose. The kidney r a -  
d i a t i o n  dose is e s t i m a t e d  t o  be 5 t o  10 t i m e s  h i g h e r  t h a n  t h e  t o -  
t a l  body dose depending on which zone i n  t h e  kidney medulla is 
assumed a s  t h e  s i t e  of l o c a l i z a t i o n .  

The t a r g e t  organ w i t h  t h e s e  n u c l i d e s  i s  t h e  k idney  which 

c 
Nuclide T o t a l  Body Dose 

rads/mCi 

.. 
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BUDGET - IST YEAR 
(L 

% $ $ $ 
professional Posit ion Effort Salary Frinqe T o t a l  

Harper, P.V. Professor of Surgery 

Resnekov, L. Associate Professor of 

Lathrop, K.A. Associate Professor of 

20 

10 

and Radiology 

Medicine 

Radiology 5 

Beck, R.N. Asscic ia te Profess or of 

Charleston, D.C. Associate Professor of 

Ass istant Professor of Hoffer, P.B. 

Brooks, H. Assistant Professor of 

Radiology 5 

Radiology 10 

Radiology 5 

Medicine 5 

Instructor in Radiology 5 (L Metz, C.E. - 
Krizek, H. Research Associate, 

Umbarger, C.J. Research Associate, 

Athanassopoulos, C. Research Associate, 

Medicine 25 

Radiology 100 

Cardiology 50 

I 

- Instructor in Radiology 50 

Technical 

Senior Technician 100 

Equ i pme n t 

Quantascope Model 1070, complete with special 
high energy collimator and 3rd stage light am- 
plif ier 54,800 . .  ? .  P 

b v  .- . 

Supplies 

Travel 


