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Leader, Nuclear Medicine Group, Heal th  and Safety Research 
D i  v i  s i  on 

Herman Postma 

F, F. Knapp, Jr .  

To conduct animal experiments and coordinate c l i n i c a l  t e s t i n g  of 
new radiopharmaceuticals a t  the I n s t i t u t e  of C l i n i c a l  and 
Experimental Nuclear Medicine, Un ive rs i t y  o f  Bonn, Federal 
Republ i c o f  Germany. 

7/26/1985 I n s t i t u t e  f o r  C l i n i c a l  and H.-3. Biersack, M.D. 
a/ 11 1 986 Experimental Nuclear Medicine S. N. Reske, M.D. 

Work a t  the  I n s t i t u t e  f o r  C l i n i c a l  and Experimental Nuclear 
Medicine i n  Bonn, Federal Republ ic o f  Germany, provided the  
t r a v e l e r  w i t h  the  unique oppor tun i ty  t o  p a r t i c i p a t e  i n  the  
t e s t i n g  o f  new radiopharmaceut icals developed a t  t he  Oak Ridge 
Nat ional  Laboratory (ORNL) i n  spec ia l  animal models and t o  
es tab l i sh  and coordi  nate the  fi r s t  c l  i n i  ca l  t e s t s  w i t h  several  
o f  these agents, 
rad io iod ina ted  agents f o r  t e s t i n g  and p a r t i c i p a t i o n  i n  the  
eva lua t ion  of the  b i o l o g i c a l  p roper t i es  o f  the  new dimethyl-  
b ranch ed fatty ac i d , 15 - ( pa r a - i odo p h eny 1 ) - 3 , 3  - d i  met hy 1 pent a - 
decanoic ac id  (DMIPP) i n  two iso la ted ,  perfused hear t  systems 
(swine and r a t ) .  I n  addi t ion,  he establ ished the  
radiopharmaceutical p ro toco ls  f o r  i n i t i a t i o n  o f  c l i n i c a l  t e s t i n g  
i n  Bonn o f  iodine-123-labeled DMIPP and i r id ium-19lm from 
t h e  new osmium-l9l / i  r i  dium-19lm rad ionuc l ide  generator system. 
He rou t i ne l y  prepared iodine-123- labeled DMIPP and o ther  f a t t y  
acids f o r  the f i r s t  t e s t i n g  i n  volunteers and pa t ien ts .  He a lso 
p a r t i c i p a t e d  and coordinated the  f i r s t  c l i n i c a l  t e s t s  of heart  
f unc t i on  w i t h  t h e  bolus app l i ca t i on  of  i r id ium-19lm i n  Bonn. I n  
add i t ion ,  he es tab l i shed and p a r t i c i p a t e d  i n  c o l l a b o r a t i v e  
programs a t  t he  c l i n i c a l  u n i t ,  Un ive rs i t y  o f  Liege, Belgium, and 
a t  the Cardiology Department, Free Un ive rs i t y  o f  Amsterdam. He 
a l so  had the oppor tun i ty  t o  v i s i t  several o ther  i n s t i t u t i o n s  i n  
cen t ra l  Europe, present seminars, discuss the  development o f  

H is  work i n  Bonn consisted o f  the synthesis of 
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radiopharamceut icals and e s t a b l i s h  important c o l l a b o r a t i v e  
programs which w i l l  help advance the technology developed a t  
ORNL. 
program a t  ORNL have reached a p o i n t  where fu r the r  
development requires the avai l a b i  l i t y  o f  spec ia l  animal models 
t o  evaluate i n  d e t a i l  the metabolism and t i s s u e  k i n e t i c s  i n  
comparison wi th other agents. The r e s u l t s  obtained from these 
animal experiments represent an impor tant  basis f o r  t he  
i n t e r p r e t a t i o n  of  c l i n i c a l  t es ts .  

Several agents designed i n  the  nuc lear  medicine research 

I. SUMMARY OF WORK AT THE UNIVERSITY OF BONN 

The I n s t i t u t e  f o r  C l i n i c a l  and Experimental Nuclear Medicine was 
es tab l i shed by C. Winkler, M.D., Ph.D., i n  1962, who began h i s  career with 
board c e r t i f i c a t i o n  i n  surgery p r i o r  t o  c e r t i f i c a t i o n  i n  rad io logy and 
nuc lear  medicine. The I n s t i t u t e  i s  t he  p r i n c i p l e  c l i n i c a l  nuclear 
medicine f a c i l i t y  i n  Bonn, Federal Republ ic o f  Germany (FRG), w i t h  a s t a f f  
o f  about 25, i n c l u d i n g  6 nuclear medicine physic ians. Approximately 
7,000 i n  v ivo  imaging s tud ies a r e  performed annually, i n c l u d i n g  rou t i ne  
s tud ies  i n  nuc lear  cardiology, kidney and lung funct ion,  cerebra l  
per fus ion,  tumor l o c a l i z a t i o n  and imaging, etc.  I n  add i t ion ,  about 17,000 
i n  v i t r o  t e s t s  are performed each year, i n c l u d i n g  t h y r o i d  funct ion tes ts ,  
tumor ant igen t i t e r s ,  etc. 

The I n s t i t u t e  a lso o f f e r s  the oppor tun i ty  f o r  bas ic  research and has 
c lose  t i e s  w i t h  the  radiopharmaceutical i n d u s t r i a l  sector  f o r  i n i t i a l  
t e s t i n g  o f  new agents. 
p a t i e n t s  i s  t he  new technetium-99m cerebra l  per fus ion  agent, "HmPAO." 
The t r a v e l e r  had t h e  opportuni ty t o  p a r t i c i p a t e  i n  es tab l i sh ing  the  
q u a l i t y  c o n t r o l  procedures, and i n  des ign ing experimental p ro toco ls  and 
chromatographic analys is  o f  metabol i tes i n  baboon studies. Another major 
area o f  i n v e s t i g a t i o n  i s  the use o f  technetium-99m- and ind ium- l l l - l abe led  
tumor an t ibod ies  f o r  the l o c a l i z a t i o n  and prognosis o f  tumors such as 
melanoma malignancies. The I n s t i t u t e  a l so  has a s t rong t r a d i t i o n  over the  
l a s t  few years through the  work o f  S. N. Reske, M.D., i n  both the t e s t i n g  
i n  animal models and c l i n i c a l  eva lua t ion  o f  iodine-123- labeled fat ty 
ac i  ds. Over 200 pa t i en ts  encompassi ng a va r ie t y  o f  card i  o l  ogi  ca l  
d isorders have been evaluated w i t h  t h e  s t r a i  ght-chain f a t t y  acid, 
15-(para-[I-l23]iodophenyl)pentadecanoic ac id  ( I P P A )  over the  l a s t  f i v e  
years. Thus, t he  associat ion w i t h  Dr .  Reske which af forded the  
oppor tun i ty  t o  p a r t i c i p a t e  i n  t e s t i n g  i n  specia l  animal models and 
i s o l a t e d  organs and the  i n i t i a l  c l i n i c a l  t e s t i n g  o f  new methyl-branched 
f a t t y  acids developed a t  ORNL were prime f a c t o r s  which l e d  t o  t h i s  
assignment. I n  add i t ion ,  the c lose p rox im i t y  t o  other  i n s t i t u t i o n s  where 
t h e  t r a v e l e r  had establ ished c o l l a b o r a t i v e  programs i n  Liege, Belgium, 
Essen and Ju l i ch ,  FRG, and Amsterdam, The Netherlands, was another 
a t t r a c t i v e  f a c t o r  f o r  working i n  Bonn. 

One such agent c u r r e n t l y  under study i n  e p i l e p t i c  
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I n  add i t i on  t o  the s c i e n t i f i c  p r o j e c t s  described below, the  t r a v e l e r  
a l so  served as an u n o f f i c i a l  " e d i t o r "  f o r  t h e  s t a f f  o f  the  i n s t i t u t e  i n  
Bonn, s ince most s c i e n t i f i c  papers o f  the  s t a f f  a re  publ ished i n  Engl ish.  
U n t i  1 t h i s  experience, the t r a v e l e r  never appreciated the  necessi ty f o r  
f o r e i g n  s c i e n t i s t s  t o  have f luency i n  both w r i t t e n  and spoken English. 
Whereas rmch of the s ta te -o f - the-ar t  s c i e n t i f i c  l i t e r a t u r e  was publ ished 
i n  German 30-40 years ago, i t  i s  now a necessi ty f o r  f o r e i g n  s c i e n t i s t s  t o  
both read and pub l ish  i n  Eng l ish  journals .  
s c i e n t i f i c  t ra in ing ,  i t  i s  a lso  necessary t o  learn Eng l ish  we l l .  American 
s c i e n t i s t s  have a d i s t i n c t  advantage! 

Thus, i n  a d d i t i o n  t o  r igorous 

Whi le i n  Bonn, the  t r a v e l e r  a l so  had the  opportuni ty t o  meet and 
discuss p ro jec ts  of j o i n t  i n t e r e s t  w i t h  a number of  i nves t i ga to rs  from 
o ther  research i n s t i t u t i o n s .  The t r a v e l e r  was i n v i t e d  t o  v i s i t  the 
Department o f  Nuclear Medicine, U n i v e r s i t y  Medical School i n  Szeged, 
Hungary, by Prof. L. Csernay, M.D., D.Sc. Professor Csernay i s  head of 
t he  Department o f  Nuclear Medicine a t  Szeged, and pres ident  o f  the  
Hungarian Society o f  Nuclear Medi c i  ne. 
p res ident  o f  the European Nuclear Medicine Congress i n  Budapest, i n  August 
1987. The t r a v e l e r  has been i n v i t e d  t o  present i n v i t e d  l ec tu res  a t  
"pre-congress" symposia a t  t he  Nuclear Medicine Department, Uni v e r s i t y  o f  
Aachen, FRG, and Bonn, FRG, on radiopharmaceutical development i n  the  
Un i ted  States, and t o  a l so  speak dur ing  the  congress i n  Budapest. 

Professor Csernay w i  11 be 

Whi le i n  Bonn, the t r a v e l e r  a l so  he ld  discussions w i t h  
Her r  Wolfram Lork, Programm Manager a t  Dornier,  a FRG h igh  technology 
contractor ,  concerning t h e  p o s s i b i l i t y  of f u r t h e r  developing the  
osmium-l9l/ i r idium-19lm generator system i n  conjunct ion w i t h  a mu l t i -w i re  
resistance-capaci  tance p ropor t i ona l  camera system (RCPC) f o r  measuring 
v e n t r i c u l a r  f unc t i on  o f  astronauts on one o f  the f u t u r e  European s h u t t l e  
missions. The RCPC camera system i s  the type of imaging device used by 
t h e  t r a v e l e r  several years ago t h a t  was developed i n  the  Inst rumentat ion 
and Contro ls  D i v i s i o n  a t  ORNL by Messrs. C. J. Borkowski and M. K. Kropp 
and co-workers. This  l i gh twe igh t ,  h igh- reso lu t ion  system i s  i d e a l l y  
s u i t e d  f o r  use i n  space, and such an app l i ca t i on  would represent an 
i n t e r e s t i n g  and p o t e n t i a l l y  important use o f  the generator developed a t  
ORNL. 
suggested approaches f o r  eva lua t ing  t h i s  po ten t i a l  a p p l i c a t i o n  fu r ther .  
The p r i n c i p a l  reac t ion  o f  the  t r a v e l e r  i s  t h a t  these s c i e n t i s t s ,  and 
c l i n i c a l  inves t iga tors ,  are anxious f o r  new technology, and t h a t  the  new 
agents developed by the t r a v e l e r  i n  conjunct ion w i t h  h i s  colleagues a t  
ORNL w i l l  have important impact on these programs, and t h a t  many important 
contacts f o r  continued and f u t u r e  co l l abo ra t i on  were establ ished. 

The t r a v e l e r  suppl ied i n fo rma t ion  on the  ORNL generator system and 

A .  Myocardial K ine t i cs  and Metabolism of 15-(Iodophenyl)-3,3-dimethyl- 
pentadecanoic Acid (DMIPP): A New Myocardial Imaging Agent 

The novel rad io labe led  fa t ty  acids t h a t  have been developed recent ly  
a t  ORNL may have a major impact on t h e  design o f  radiopharmaceuticals f o r  
use i n  nulcear cardiology. The concept o f  Wocard ia l  " t rapp ing"  o f  f a t t y  
ac ids f i r s t  demonstrated w i t h  te l l u r i um-subs t i t u ted  fa t ty  acids has now 

1 1 8 5 1 0 5  
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been demonstrated w i t h  methyl-branched rad io iod ina ted  f a t t y  acids. 
unique agents appear use fu l  t o  assess reg ional  qyocard ia l  f a t t y  ac id  
u t i  1 i z a t  i on. A unique i odi  ne-123-1 a be l  ed 3,3-di met hy 1 -subst i t u t e d  f a t t y  
acid,  DMIPP,  has been developed a t  ORNL t o  evaluate aberrat ions i n  
reg iona l  f a t t y  a c i d  uptake not detected by f l o w  t racers.  App l ica t ions  may 
inc lude  t h e  diagnosis and management of  coronary a r te ry  disease, and the  
e a r l y  diagnosis o f  hypertensive disease. Normal pa t i en ts  and pa t i en ts  
w i t h  coronary a r t e r y  disease have been s tud ied  w i t h  t h i s  agent which shows 
excel  l e n t  p roper t i es  f o r  the  evaluat ion o f  myocardial disease by 
s ingle-photon emission computerized tomography (SPECT) not detected wi th  
c u r r e n t l y - a v a i l a b l e  nyocard ia l  per fus ion agents. 
mimics the  t e l l u r i u m  f a t t y  acids but can a lso  be prepared i n  h igh  
s p e c i f i c - a c t i v i t y  and i s  nontoxic. A d e t a i l e d  biochemical evaluat ion of 
t h e  d i s t r i b u t i o n  o f  rad io labe led  f a t t y  a c i d  metabol i tes w i t h i n  t h e  var ious 
l i p i d  pools o f  hear t  t i s s u e  i s  being performed t o  i d e n t i f y  t he  mechanism 
o f  l o c a l i z a t i o n  and r e t e n t i o n  o f  t h i s  novel agent. 

These 

This agent c lose ly  

One o f  the  major goals of  the t r a v e l e r  wh i l e  i n  Bonn was t o  
p a r t i c i p a t e  i n  s tud ies  w i t h  i so la ted  hear t  systems t o  evaluate the  ef fects  
of pharmacological i n t e r v e n t i o n  and reper fus ion on the  nyocard ia l  uptake 
and k i n e t i c  p roper t i es  of DMIPP i n  comparison w i th  IPPA. These s tud ies 
consis ted of work w i t h  an iso la ted-per fused %ork ing"  r a t  hear t  and a lso  
c o l l a b o r a t i o n  on an iso la ted-reper fused swine hear t  model i n  conjunct ion 
w i t h  Dr .  Reske and two medical students i n  Bonn (Sigurd Kohlen and 
Jo rn  Kolkmeier). The t r a v e l e r  also made arrangements f o r  t he  students t o  
v i s i t  ORNL i n  Ju l y  1986, t o  set-up an i s o l a t e d  r a t  hear t  system f o r  use i n  
t h e  nuclear medicine program. 

I n  t h i s  model a coronary a r te ry  of  the  iso la ted-per fused swine hear t  
i s  l i g a t e d  and ( iodine-125) DMIPP administered. Since the  i n i t i a l  
d i s t r i b u t i o n  p a t t e r n  i s  frozen, the use o f  DMIPP al lows an accurate method 
t o  evaluate the  f a t t y  ac id  uptake pat tern.  A f t e r  re lease of the  l i g a t i o n  
and reperfusion, a second f a t t y  ac id  ( iod ine-131 IPPA) i s  then 
administered, the  hear t  d issected and t h e  d i s t r i b u t i o n  o f  the  two f a t t y  
ac ids then determined by regional  t i s s u e  counting. I f  regions are 
"salvaged" f o l l o w i n g  reperfusion, the  second f a t t y  ac id  w i l l  show the  same 
d i s t r i b u t i o n  p a t t e r n  and DMIPP before reper fus ion.  
requirement and unique proper ty  o f  DMIPP i s  the  absence o f  wash-out o r  
r e d i s t r i b u t i o n .  By determining t h i s  d i f f e rence  as a func t i on  o f  d i f f e ren t  
l i g a t i o n  periods, t he  v i a b i l i t y  of  reperfused regions was evaluated. 
add i t ion ,  ex t rac t i on  and chromatographic ana lys is  o f  l i p i d s  provided 
i n s i g h t  of  how the  two f a t t y  acids were metabolized. When l i g a t i o n  
per iods were shor t  (15-30 min), the reperfused regions showed the same 
uptake pa t te rns  w i t h  IPPA, demonstrating l'salvage" o r  v i a b i l i t y  of these 
regions. With more prolonged l i g a t i o n  per iods (45-60 min), t h e  regions 
supp l ied  by the  l i g a t e d  a r te ry  showed s i g n i f i c a n t l y  reduced IPPA uptake i n  
comparison t o  con t ro l  regions, s ince these areas were now necrot ic .  These 
data are now being analyzed and demonstrate t h a t  the  use of "trapped" 
f a t t y  acids such as DMIPP can be used t o  evaluate uptake pa t te rns  before 
and a f t e r  reperfusion. The p r a c t i c a l  s ign i f i cance  o f  these r e s u l t s  i s  t h e  

An important 

I n  
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p o s s i b i l i t y  o f  eva lua t ing  reper fus ion  by e i t h e r  ang iop la r ty  (coronary 
bypass) o r  enzymatic reper fus ion (s t rep tok inase)  w i t h  SPECT wi th 
successi ve admi n i  s t  ra t i ons  o f  ( i  od i  ne-123) DMI PP . 
B. C1 i n i c a l  Evaluat ion of  Iodine-123-Labeled F a t t y  Acids 

One o f  the major goals o f  t he  t r a v e l e r  was t o  coordinate and i n i t i a t e  
t h e  c l i n i c a l  t e s t i n g  o f  the new iodine-123- labeled DMIPP i n  Bonn. 
i n t e r e s t  expressed by O r .  Reske i n  s tudy ing  t h i s  agent was one of  the  
pr imary fac to rs  i n  se lec t i ng  Bonn as the s i t e  f o r  assignment. A f t e r  
equipp ing a small radiochemical f a c i l i t y ,  t he  micro-scale iodine-123 
l a b e l i n g  o f  DMIPP was opt imized and a d e t a i l e d  procedure f o r  the  
synthesis,  p u r i f i c a t i o n  and fo rmula t ion  o f  DMIPP was wr i t t en .  High p u r i t y  
iodine-123 produced i n  Kar lsruhe by proton i r r a d i a t i o n  o f  enriched 
xenon-124 by the xenon-124(p,2n)iodone-l23 reac t ion  was used f o r  these 
s tud ies.  This i s  a new commercial p roduc t ion  technique which gives very 
h igh  p u r i t y  iodine-123 w i t h  on ly  very low l e v e l s  of  iodine-125 
radiocontaminant ( <  0.05%) and no iodine-124. Thus, t h i s  high p u r i t y  
iodine-123 produced by t h i s  rou te  i s  f a r  super io r  t o  product ion by t h e  
tellurium-124(p,2n)iodine-l23 route,  s ince the  problems associated w i t h  
image degradat ion and increased r a d i a t i o n  dose by i o d i  ne-124 are 
e l iminated.  I n  addi t ion,  product ion by t h i s  route i s  a lso  super ior  t o  
iodine-123 produced by the iodine-127(p,5n) iodine- l23  route, s ince 
p o t e n t i a l  problems associated w i t h  h igh  l o c a l  dose from i o d i  ne-125 are 
a l s o  el iminated. The iodine-123 DMIPP was prepared weekly f o r  s tud ies i n  
a v a r i e t y  of p a t i e n t  groups cons is t i ng  o f  coronary a r t e r y  disease (CAD) 
and hypertension, and t o  evaluate the  e f f e c t s  o f  calc ium b locker  therapy, 
a widely  used pharmacological i n t e r v e n t i o n  f o r  pa t i en ts  wi th ischemic 
hear t  disease. The DMIPP d i s t r i b u t i o n  was evaluated by SPECT and 
demonstrated, f o r  the f i r s t  t ime,  t h a t  t h i s  agent shows the  expected 
prolonged re ten t i on  which a1 lows the  acqu is i ton  o f  h igh-qua l i t y  SPECT 
images s ince there  i s  no wash-out o r  r e d i s t r i b u t i o n  dur ing  the  15-20 
minute imaging period. 

The 

A p re l im ina ry  repor t  desc r ib ing  these f i r s t  c l i n i c a l  r e s u l t s  w i t h  
iodine-123 DMIPP has been recen t l y  published, "Results o f  Myocardial SPECT 
w i t h  F a t t y  Acids i n  Coronary A r t e r y  Disease," Nuklarmedizin, 25, 90-98 
(1986) (S. N. Reske, F. F. Knapp, Jr., J. Nitsch, 3 .  Kropp, KTReichman, 
and C. Winkler) .  A second d e t a i l e d  review descr ib ing  t h e  animal s tud ies  
and development work performed by t h e  t r a v e l e r  and h i s  colleagues i n  Bonn 
has been accepted by the new American journa l ,  The Journal  o f  Phys io log ic  
Imaging, e n t i t l e d  "Phenyl F a t t y  Acids i n  Heart Disease. I. Experimental 
Studies"  (S. N. Reske, F. F. Knapp, Jr., and C. Winkler) .  

A second important app l i ca t i on  t h a t  was demonstrated f o r  t he  f i r s t  
t ime was the  e f f e c t  of ca lc ium b locker  therapy on reg iona l  f a t t y  ac id  
uptake. Th is  i s  a very impor tant  observat ion,  s ince i t  may represent the  
f i r s t  q u a n t i t a t i v e  method f o r  prognosis o f  t h i s  widely  used technique. 
Calcium blockers,  such as N i fed ip ine  or  Verapr imi l ,  are administered f o r  
severa l  days t o  improve the  q u a l i t y  of l i f e  of  p a t i e n t s  w i t h  ischemic 
hear t  disease. The ef fect iveness of the therapy i s  determined 
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sub jec t i ve l y ,  by the  increase of  comfort, decrease of pain, etc., of the 
pa t i en t .  A p ro toco l  was es tab l i shed where pa t i en ts  were evaluated wi th 
iodine-123 DMIPP before therapy and o f ten  l a rge  defects i n  the  uptake 
p a t t e r n  were observed. 
repeated, and i t  was observed t h a t  o f ten  the les ions  had become rmch 
smal ler ,  and sometimes completely f i l l e d .  This i s  the f i r s t  demonstration 
o f  an imaging technique t h a t  may have prognost ic  value i n  assessing the 
e f fec t i veness  o f  calc ium b locker  therapy. S i m i l a r  r e s u l t s  have been 
obta ined i n  c o l l a b o r a t i v e  s tud ies between the  t r a v e l e r  and inves t i ga to rs  
a t  the  Brookhaven Nat ional  Laboratory (A. B. B r i l l ,  M.D., Ph.D., e t  a l . )  
where the  d i s t r i b u t i o n  of iodine-131 DMIPP i n  the hear ts  f rom 
cardiomyopathic hamsters e i t h e r  before or  a f t e r  therapy have shown s i m i l a r  
decrease i n  l es ion  size. The r e s u l t s  o f  these c l i n i c a l  s tud ies i n  Bonn 
are  cu r ren t l y  being analyzed and the  r e s u l t s  w i l l  be submitted t o  a 
card io logy  journa l  f o r  pub l i ca t ion .  

F i ve  days a f t e r  therapy the  procedure was 

C. Development of Protocols  and I n i t i a t i o n  o f  C l i n i c a l  Studies w i t h  
I r i  d i  um-19lm from the  New Osmi um-l91/I  r i  d i  um-19lm Generator 

Improved diagnosis and eva lua t ion  o f  a v a r i e t y  of card iac disorders 
a re  poss ib le  w i t h  the  sho r t - l i ved  i r id ium-19lm radio isotope (4.9 sec 
h a l f - l i f e )  obtained from a new system developed a t  ORNL i n  conjunct ion 
w i t h  i nves t i ga to rs  a t  the Cyclot ron Center, Un ive rs i t y  o f  Liege, Belgium. 
Th is  new improved osmium-l9l/ i r idium-19lm generator system which gives 
good i r i d i u m  y ie lds ,  low osmium-191 parent breakthrough and has a useful 
c l i n i c a l  s h e l f  l i f e  of  2-3 weeks has been developed. The screening o f  
several  osmium species of  var ious valence s ta tes  w i t h  39 p o t e n t i a l  
adsorbents i d e n t i f i e d  osmium( I V )  potassium hexachloroosmate adsorbed on 
a c t i v a t e d  carbon as the most a t t r a c t i v e  generator system. The ac t i va ted  
carbon osmium-l9l/ i r idium-19lm generator system developed a t  ORNL may be 
o f  s i g n i f i c a n t  importance i n  the  diagnosis of hear t  and vascular disease 
us ing  nuclear medicine techniques. 

The generator system has entered c l i n i c a l  t r i a l s  through our medical 
cooperat ive program i n  Belgium, i n  which over 100 pa t i en ts  have been 
evaluated through June 1986. F i  rst-pass (bolus-mode) s tud ies have been 
performed f o r  the evaluat ion o f  both r i g h t  and l e f t  v e n t r i c u l a r  e j e c t i o n  
f r a c t i o n ;  per fus ion  of  the cerebral ,  femoral, and renal  a r t e r i e s ;  and 
eva lua t i on  o f  occlusions of the l e g  veins. The u l t r a s h o r t - l i v e d  
i r id ium-19lm radio isotope (4.9 sec h a l f - l i f e )  may a lso  be used f o r  the  
de tec t ion  and evaluat ion of abnormal blood-f  low (shunts) between the hear t  
chambers o f  p e d i a t r i c  pat ients .  Important unique features o f  t h i s  system 
inc lude a very low absorbed r a d i a t i o n  dose which i s  about 1/50 t h a t  o f  an 
equiva lent  dose o f  technetium-99m, now widely used f o r  such studies. In 
add i t ion ,  repeat s tud ies can be conducted only  a few moments apart. The 
cons is ten t  performance o f  the generator over a 2-3 week per iod  may make 
t h i s  system ava i l ab le  t o  a la rge  c l i n i c a l  populat ion a t  a cost  conpe t i t i ve  
w i t h  cur ren t ly -ava i  l a b l e  nuclear medicine procedures. Present ly,  a va r ie t y  
o f  carbon adsorbents and various generator geometries are being evaluated 
t o  increase y i e l d s  t o  prolong the  use fu l  s h e l f  l i f e .  A t  the  same t ime,  
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generators are r o u t i n e l y  supp l ied  i n  the Un i ted  States t o  i nves t i ga to rs  a t  
t h e  Massachusetts General Hosp i ta l  i n  Boston, f o r  eva lua t ion  of  reg ional  
myocardial per fus ion by constant i n f u s i o n  i n  animals, and i t  i s  expected 
t h a t  c l i n i c a l  s tud ies w i l l  soon be i n i t i a t e d  a t  these i n s t i t u t i o n s .  

The t r a v e l e r  coord inated the  shipment o f  osmium-191 from ORNL t o  
Liege, Belgium, and t r a v e l e d  t o  Liege f o r  f a b r i c a t i o n  o f  the  generators 
which were then shipped t o  Bonn. A d e t a i l e d  protocol  f o r  c l i n i c a l  use, 
d a i l y  q u a l i t y  con t ro l ,  etc., was w r i t t e n  and s t e r i l i t y  and pyrogen t e s t i n g  
determined t o  insure  t h a t  t he  generators were safe p r i o r  t o  approval f o r  
human use. Fo l low ing  i n i t i a l  s tud ies i n  several  volunteers, approval was 
received i n  June 1986, from t h e  German Heal th  M i n i s t r y  f o r  use of the new 
act1 vated carbon osmium-l9l / i  r idium-19lm generator system i n  Bonn i n  an 
i n i t i a l  group of 50 p a t i e n t s  f o r  f i r s t - p a s s  hear t  studies. This  
i n t e r n a t i o n a l  c o l l a b o r a t i v e  e f f o r t  estab l ished by the t r a v e l e r  w i l l  
cont inue and involves produc t ion  o f  osmium-191 i n  the  ORNL High F lux  
Iso tope Reactor (HFIR) and shipment t o  the  Un ive rs i t y  o f  Liege, Belgium, 
where generators are prepared f o r  c l i n i c a l  t e s t i n g  i n  Belgium and f o r  
t ranspora t i on  t o  Bonn f o r  these new c l i n i c a l  studies. 

11. RESEARCH AT OTHER INSTITUTIONS 

Belgium 

Whi le a t  o f f - s i t e  assignment i n  Bonn, the  t r a v e l e r  a l so  regu la r l y  
v i s i t e d  t h e  Cyclot ron Research Center a t  the  Un ivers i ty  o f  Liege, Belgium, 
f o r  f a b r i c a t i o n  and eva lua t i on  o f  osmium-l9l/ i ridium-19lm generators p r i o r  
t o  sh ipp ing  t o  Bonn. He worked w i t h  Claude Brihaye, Ph.D., a co-developer 
of the  generator who had worked w i t h  the t r a v e l e r  a t  ORNL as a guest 
s c i e n t i s t  i n  1982. The co l l abo ra t i on  between the  t rave le r ,  Dr .  Brihaye, 
and h i s  colleagues i n  Liege, has been very e f fec t i ve .  Osmium-191 produced 
i n  the  ORNL HFIR i s  shipped t o  Liege f o r  these generator p a t i e n t  s tud ies 
i n  Belgium and Bonn. 
i r id ium-19 lm f r o m  the  new ORNL generator i n  Belgium, and one goal of the 
t r a v e l e r  was t o  coord inate and i n i t i a t e  p a t i e n t  studies i n  Germany. I n  
Liege, t he  t r a v e l e r  a l so  i n i t i a t e d  and coordinated a c o l l a b o r a t i v e  p ro jec t  
f o r  c l i n i c a l  eva lua t ion  o f  t h e  new iodine-123-labeled dimethyl-branched 
f a t t y  a c i d  agent (DMIPP). These studies were performed a t  the  c l i n i c a l  
sec t ion  o f  the  Center f o r  Cyc lo t ron  Research a t  the U n i v e r s i t y  o f  Liege, 
Belgium, i n  conjunct ion wi th  C. DeLandsheere, M.D., and R. Rigo, M.D., 
where he v i s i t e d  r e g u l a r l y  and prepared t h i s  agent f o r  c l i n i c a l  studies. 
Four p a t i e n t s  have been evaluated through August 1986 by SPECT w i t h  
promis ing r e s u l t s  s i m i l a r  t o  those obtained i n  Bonn, FRG. The DMIPP agent 
shows good hear t  uptake wi th  only very slow wash-out which permi ts  the 
a c q u i s i t i o n  o f  h igh q u a l i t y  SPECT analys is  o f  regional  uptake patterns.  
Such c l i n i c a l  s tud ies have no t  been poss ib le  w i t h  e a r l i e r  iodine-123 
f a t t y  acids. The t r a v e l e r  recormended one major app l i ca t i on  which w i l l  be 
pursued i n  Liege. These s tud ies  w i l l  i nvo l ve  the  eva lua t ion  o f  regional  
myocardial v i a b i l i t y  by comparison of  SPECT images before and a f t e r  

Thus f a r  over 100 pa t i en ts  have been evaluated w i t h  
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angioplasty  (coronary by-pass). 
use fu l  t o o l  t o  evaluate the success o f  t h i s  w ide ly  used surg ica l  procedure 
i n  r e s t o r i n g  reg iona l  qyocardial  f unc t i on  a f t e r  r e s t o r a t i o n  of f low.  
Studies i n  i s o l a t e d  swine and r a t  hear ts  ( v ide  ante)  have demonstrated 
t h a t  t h i s  app l i ca t i on  may be possible.  

Such a technique may a l low a new, and 

The Netherlands 

I n  conjunct ion w i t h  the Department o f  Cardiology (Franz Visser, W.D., 
and colleagues), the  t r a v e l e r  was able t o  e s t a b l i s h  and p a r t i c i p a t e  i n  a 
research program i n v o l v i n g  the eva lua t ion  o f  the  new radio iod inated 
dimethyl-branched f a t t y  ac id  agent (DMIPP) developed a t  ORNL i n  a spec ia l  
open chest canine model. 
t h e  Radionucl ide Center (RNC) a t  the  Free U n i v e r s i t y  o f  Amsterdam. 
RNC i s  a unique center  t h a t  was opened i n  1976 where rad io isotope research 
i s  conducted i n  many f i e l d s ,  i n c l u d i n g  radiopharmaceutical development and 
tes t i ng ,  geochemistry, environmental science, etc. The center i s  q u i t e  
unique and has a permanent s t a f f  of  1 7  and about 40 "guest s c i e n t i s t s "  
f rom o ther  departments a t  the  Free U n i v e r s i t y  and o ther  i n s t i t u t i o n s  
w i t h i n  the  Netherlands. There are 20 radiochemical labora tor ies  and two 
fu l l y -equ ipped su rg i ca l  su i tes  t h a t  are reserved f o r  spec ia l  experiments 
i n v o l v i n g  r a d i o a c t i v i t y .  I n  add i t i on  t o  a gamma camera, these su i tes  are 
f u l l y  equipped wi th  the necessary phys io log ic  moni tor ing and f luoroscop ic  
equipment, etc. 

Studies were conducted and w i l l  cont inue a t  
The 

The canine experiments conducted i n  Amsterdam invo lve  the  simultaneous 
eva lua t ion  o f  the  rwocard ia l  k i n e t i c s  and metabolism o f  DMIPP i n  
comparison w i t h  two- other f a t t y  ac id  analogues rad io labe led  w i t h  
iodine-125 and iodine-123 i n  an open chest dog model. This unique an 
model, where the  hear t  i s  exposed i n  vivo, a1 lows s e r i a l  m o c a r d i a l  b 
samples t o  be obtained fo l lowed by l i p i d  ana lys is  t o  evaluate the  
metabolism o f  the new dimethyl fat ty a c i d  agent (DMIPP) i n  comparison 
o ther  f a t t y  acids under c o n t r o l l e d  normoxic condi t ions,  and in te rven t  
such as ischemia, hypoxia and pharmacological s t imu la t ion .  Studies 

M 1  
OP SY 

w i t h  
on s 

i nvo lved the  simultaneous evaluat ion o f  f a t t y  ac id  uptake and wash-out 
k i n e t i c s  and metabolism us ing  th ree  f a t t y  a c i d  analogues labeled wi th  
d i f f e r e n t  iod ine  rad io isotopes (iodine-123, iodine-125 and iodine-131). 
For  these studies,  the  t r a v e l e r  prepared iodine-131 DMIPP i n  Liege, 
Belgium, which was then shipped t o  Amsterdam. A second f a t t y  ac id  agent 
(IPPA) was rad io labeled w i t h  iodine-125 by colleagues at  ORNL and a l so  
shipped t o  Amsterdam, and the  t h i r d  agent, rad io labe led  w i t h  iodine-123, 
was obtained commercially. Since there  i s  o f ten  d i f f i c u l t y  and 
controversy i n  comparing the r e s u l t s  o f  s tud ies reported i n  the l i t e r a t u r e  
w i t h  these d i f f e r e n t  agents which were performed i n  d i f f e r e n t  groups o f  
animals under d i f f e r e n t  c o n t r o l l e d  condi t ions,  t he  t r i p l e - l a b e l  s tud ies i n  
Amsterdam provide a powerful and unique oppor tun i ty  t o  compare these 
agents under exac t ly  the same condi t ions.  
f o r  each experimental group t o  ob ta in  adequate s t a t i s t i c s .  The t r a v e l e r  
p a r t i c i p a t e d  in the evaluat ion o f  the th ree  f a t t y  acids i n  f i v e  normoxic 
con t ro l  dogs, and i n  the f i r s t  dog s tud ied  w i t h  a g lucose/ lactate i n f u s i o n  
aimed a t  eva lua t ing  global  f a t t y  ac id  k i n e t i c s  under a l t e red  subst rate 

The s tud ies invo lve  5-6 dogs 
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cond i t ions .  The other  i n t e r v e n t i o n  t h a t  w i l l  now be s tud ied  a l so  inc lude 
i sop ro te reno l  s t imu la t i on  g lobal  hypoxia, and ischemia. 
t h a t  these s tud ies  w i l l  cont inue f o r  t he  next year. The r e s u l t s  o f  these 
s tud ies  w i l l  demonstrate the  r e l a t i v e  re ten t i on  o f  the  th ree  agents under 
a v a r i e t y  o f  i n te rven t ions  which are  d i r e c t l y  app l i cab le  t o  t h e  use o f  
DMIPP agents i n  c l i n i c a l  s i t ua t i ons .  
analyzed, f u t u r e  i n te rven t ion  s tud ies  being planned and i t  i s  an t i c ipa ted  
t h a t  the  r e s u l t s  from these w i l l  be submit ted f o r  p u b l i c a t i o n  t o  
C i r c u l a t i o n .  

It i s  an t i c ipa ted  

The data obtained thus f a r  are being 

Un i ted  Kingdom 

The t r a v e l e r  attended and p a r t i c i p a t e d  i n  the European Nuclear Medicine 
Congress 1985, he ld  i n  London, England, on September 3-6, 1985, and 
presented a poster  presentat ion e n t i t l e d  "C l i n i ca l  Po ten t i a l  o f  a New High 
Performance Osmium-191/Iridium-l91m Generator" (C. Brihaye, M. Gui llaume, 
F. E. Delcourt ,  H. Ham, F. F. Knapp, Jr., and T. A. Bu t l e r ) .  The t r a v e l e r  
and h i s  colleagues a t  ORNL a lso  co-authored two add i t i ona l  abst racts  
e n t i t  l e d  'Myocardi a1 Scint igraphy Usi  ng 15-p-( I o d i  ne-123)-Iodophenyl-B- 
Methyl-Pentadecanoic Acid (BMPPA)" (R. Dudczak, P. Angelberger, 
R. Schmoliner, K. K le t te r ,  F. F. Knapp, Jr., and M. M. Goodman), and 
"E f fec ts  of 3-Methyl-Branching on Heart Uptake and Metabolism of 
15-(p-Iodophenyl )pentadecanoic Acid Analogues" (F. F. Knapp, Jr., 
M. M. Goodman, and K. R. Ambrose). 

111. V I S I T S  TO OTHER LABORATORIES 

Federal  Republ i c o f  Germany 

The t r a v e l e r  v i s i t e d  the  I n s t i t u t e  f o r  Health Physics and Radiat ion 

The IPPA 

B io logy  a t  the  Medical School, U n i v e r s i t y  o f  Essen, t o  discuss j o i n t  
p r o j e c t s  and t o  present a seminar descr ib ing  the development of 
iodine-123- labeled s t ruc tu ra l l y -mod i f i ed  f a t t y  acids a t  ORNL. 
s t r a i g h t  chain agent was o r i g i n a l l y  developed a t  Essen so these 
i n v e s t i g a t o r s  have i n t e r e s t  i n  the  development and p o t e n t i a l  new f a t t y  
a c i d  agents. 
Federal  Research Center i n  J u l i c h  t o  discuss j o i n t  p r o j e c t s  and present a 
s i m i l a r  seminar. 

I n  May the  t r a v e l e r  v i s i t e d  the  I n s t i t u t e  o f  Medicine a t  the  

A u s t r i a  

The t r a v e l e r  was an i n v i t e d  speaker a t  the "Symposium on the  
Assessment o f  Myocardi a1 Metabol i sm by Cardi ac Imagi ngtr i n  Vienna, 
Aust r ia ,  on October 26, 1985, t o  descr ibe the r e s u l t s  o f  s tud ies  conducted 
a t  ORNL t o  i n v e s t i g a t e  the  metabolism o f  the new methyl-branched fa t ty  
a c i d  agents, BMIPP and DMIPP (v ide  ante). 
t h e  oppor tun i ty  t o  v i s i t  the  Nuclear Medicine Department, Un ive rs i t y  of 
Vienna (R. Dudczak, M.D.) and the  Aus t r ian  Research Center i n  
Seibersdorf-Vienna (P. Angelberger, Ph.D.). The t r a v e l e r  had prev ious ly  
es tab l i shed a m l t i - c e n t e r  Medical Cooperative arrangement where 
subst rates f o r  the rad io iod ina t i on  o f  the  new methyl-branched fat ty acids 

During t h i s  p e r i o d  he a l so  had 
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developed by the t r a v e l e r  and h i s  colleagues a t  ORNL are suppl ied f o r  
iod ine-123- labe l ing  of BMIPP and DMIPP f o r  c l i n i c a l  s tud ies i n  Vienna. 
The f i r s t  c l i n i c a l  studies o f  BMIPP were performed by O r .  Dudczak which 
i nd i ca ted  t h i s  agent showed t h e  expected more prolonged myocardial 
r e t e n t i o n  i n  comparison w i t h  t h e  IPPA s t ra igh t - cha in  analogue and may have 
some advantages f o r  evaluat ion o f  s p e c i f i c  aspects of f a t t y  ac id  uptake 
and metabolism. 
Vienna. 

The c l i n i c a l  s tud ies  w i t h  DMIPP have j u s t  begun i n  

The Seibersdorf  Research Center i s  located about 20 mi les south o f  
Vienna and was establ ished i n  1960. I t  i s  the  l a r g e s t  non-academic 
research i n s t i t u t i o n  i n  Aus t r i a  w i t h  a s t a f f  of  about 530, i nc lud ing  about 
80 students and postdoctora l  fe l lows.  S i m i l a r  t o  ORNL,  the o r i g i n a l  goals 
were t o  study nuclear energy and t o  use nuclear technology f o r  peaceful 
purposes. The center has a small research reac tor  (8 megawatts). Areas 
o f  research inc lude agr i  cu l tu re ,  chemistry, b io logy , elect ron ics,  
metal lurgy,  physics and hea l th  physics. The radiopharmaceutical research 
group headed by D r .  Angelberger i s  i n  the  Department o f  Chemistry. 
While l i t t l e  bas ic  research i n v o l v i n g  the  development o f  new agents i s  
conducted i n  t h i s  program, t h e  major emphasis i s  on the  adaptation of 
prepara t ion  o f  important new agents f o r  rou t i ne  product ion and then 
d i s t r i b u t i o n  t o  c l i n i c a l  and research i nves t i ga to rs  w i t h i n  Austria. Thus, 
revenue i s  generated by sa le o f  these agents which inc lude compounds 
rad io labe led  w i t h  technetium-99m, iodine-131, indium-111, iodine-123, 
etc., f o r  app l i ca t ions  i n  card io logy,  renal  func t ion ,  cerebral  b lood flow, 
tumor l o c a l i z a t i o n ,  etc. I n  add i t ion ,  custom syntheses w i th  carbon-14 and 
su l fu r -35  are conducted. D r .  Angelberger and h i s  colleagues r o u t i n e l y  
prepare radiopharmaceuticals f o r  Dr .  Dudczak i n  Vienna, such as the new 
methyl-branched f a t t y  acids which are now under c l i n i c a l  test ing.  

The t r a v e l e r  a lso  co-authored an abst ract  a t  t he  Annual Badgastein 
Symposium i n  Aus t r i a  on January 3-6, 1986, e n t i t l e d  "Evaluation of 
St ruc tu re  E f f e c t s  on the  Pharmacological Behavior of Radioiodinated 
Phenylpentadecanoi c Acids. I' 

S w i  t z e r l  and 

The t r a v e l e r  v i s i t e d  several  colleagues i n  Swi tzer land and presented 
seminars descr ib ing  the  development and use o f  rad io iod ina ted  s t r u c t u r a l l y -  
mod i f ied  f a t t y  acids and the  new osmium-19l/iridium-l91rn rad ionucl ide . 
generator system. He was a guest o f  the s t a f f  o f  the  Radiopharmaceutical 
Development Department a t  the  E i  dgenossisches I n s t i  t u t  f u r  
Reaktorforschung ( E I R )  i n  Wurenlingen, on A p r i l  24, 1986, and the 
Cardiology Department, Un ive rs i t y  o f  Geneva Hosp i ta l ,  on A p r i l  25. The 
E I R  i s  a f a c i l i t y  o f  the Swiss government w i t h  a s t a f f  o f  about 700. The 
p r i n c i p a l  product ion f a c i l i t i e s  inc lude a 8 x neutrons-square 
cent imeter/sec f l u x  reactor  and a h igh energy 300 keV cyclotron. 
program i s  p r i m a r i l y  invo lved i n  development, product ion and d i s t r i b u t i o n  
of radiopharmaceuticals and i s  not invo lved i n  bas ic  radiopharmaceutical 
research. Major products inc lude iodine-123- labeled agents such as 
i odohippuran (k idneys) , iodoamphetami ne (b ra in ) ,  var ious k i t s ,  ant ibodies,  
etc.  The iodine-123 i s  produced a t  a r a t e  o f  about 4 Ci/week w i th  sales o f  

Th is  
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1 Ci/week. The p r i c e  i s  c u r r e n t l y  74 SF/Ci,  which i s  compet i t ive w i t h  
iodine-123 i n  the  FRG and Belgium. 
reac to r  by the  usual n,y rou te  and rad io labeled products such as capsules 
f o r  t h y r o i d  therapy and m-iodobenzylguanidine ( M I B G )  f o r  therapy of 
adrenal pheochromocytoma tumors are regular  products. Since the  EIR i s  a 
Swiss na t i ona l  company, they can d i r e c t l y  market products only i n  
Swi tzer land and arrangements f o r  sa le  i n  other countr ies i n  the  European 
community are made through p r i v a t e ,  l icensed companies, such as Squibb i n  
t h e  F R G ,  etc. I n  many ways, t he  E I R  i s  s i m i l a r  t o  ORNL. One major and 
i n t e r e s t i n g  d i f ference i s  t he  mechanism t o  f inance c a p i t a l  improvements. 
The funds are provided through the  Swiss government as a loan, w i t h  
arrangments f o r  payback over 10 (equipment) o r  20 years (bu i ld ings) .  
t r a v e l e r  found t h i s  t o  be an i n t e r e s t i n g  and innovat ive  means o f  f inanc ing  
major improvements. 
p r o j e c t  i s  a l so  being es tab l i shed a t  the E I R  as a reg iona l  d iagnos t ic  
center  w i t h  p a t i e n t  r e f e r r a l s  f o r  special  procedures from l o c a l  hosp i ta ls .  
The s t a f f  a l so  ind ica ted  t o  the  t r a v e l e r  i n t e r e s t  i n  gadolinium-153, how 
i t  i s  produced, p u r i f i e d ,  etc., s ince they have had numerous requests f o r  
t h i s  isotope f o r  bone densitometry measurments. 

Also, iodine-131 i s  produced i n  the  

The 

A p o s i t r o n  emission computerized tomographic (PET) 

F i n l  and 

Dur ing  the  May 12-16 per iod,  the t r a v e l e r  v i s i t e d  several i n s t i t u t i o n s  
i n  F in land  t o  present l ec tu res  descr ib ing the development and use of the 
new osmium-l9l / i  r idium-19lm rad ionuc l ide  generator system, and t o  discuss 
and coord inate co l l abo ra t i ve  s tud ies  w i t h  t h i s  generator and the  new 
iodine-123- labeled dimethyl f a t t y  ac id  (DMIPP) recen t l y  developed by the 
t r a v e l e r  and h i s  colleagues a t  ORNL. The t r a v e l e r  presented seminars a t  
t h e  Reactor Research Laboratory i n  Espoo (He ls ink i )  and the Nuclear 
Medicine Department a t  the  U n i v e r s i t y  Medical School i n  Kuopio, and a l so  
v i s i t e d  the  departments of Nuclear Medicine and Cardiology a t  t he  
U n i v e r s i t y  Hosp i ta l  i n  He ls ink i .  It i s  i n t e r e s t i n g  t h a t  the actual  
o rgan iza t i ona l  u n i t  i n  Kuopio performing nuclear medicine s tud ies  i s  
t y p i c a l  i n  about 30% o f  h o s p i t a l s  i n  F in land and i s  designated as the  
department o f  " C l i n i c a l  Physiology." The current  s t a t e  of the  a r t  o f  
nuc lear  medicine i s  d i rec ted  a t  the measurement o f  ' ' in v ivo  b iochemist ry"  
and physiology i n  add i t i on  t o  anatomical abnormal i t ies.  The des ignat ion 
" c l i n i c a l  physiology'* i s  thus very appropriate. Such a designat ion i n  the 
Un i ted  States would more accurate ly  r e f l e c t  the c l i n i c a l  app l i ca t i ons  o f  
our spec ia l t y  and remove the  h y s t e r i a  o f ten  associated w i t h  the  term 
"nuclear," but  a lso would perhaps delete a key desc r ip t i ve  phrase. 
Whether such a designat ion would be more read i l y  accepted i n  the  Uni ted 
States i s  d i f f i c u l t  t o  access, but i t  i s  important t o  note t h a t  c l i n i c a l  
app l i ca t i ons  o f  nuclear magnetic resonance are now widely  and almost 
genera l l y  designated as magnetic resonance imaging. I n  many ways, t h i s  
may we1 1 r e f l e c t  the compet i t i on between nuclear medi c i  ne and rad i  01 ogy 
departments f o r  t h i s  h i  gh revenue-produci ng speci a1 i ty  , but may a l so  
r e f l e c t  a market ing dec is ion  t o  remove the term nuclear. 

I t 8 5 1  1 3  
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Despi te a r e l a t i v e l y  small (5 m i l l i o n )  populat ion i n  Finland, nuclear 
medicine procedures are widely  used. F inn i sh  colleagues ind i ca ted  t h a t  
nuclear medicine i n  the  Soviet  Union i s  ev ident ly  m c h  less  advanced than 
i n  Finland. Most of the radiopharmaceuticals used i n  F in land  are e i t h e r  
purchased d i  r e c t l y  from cen t ra l  European suppl iers  (Amersham-Buechler, 
FRG, EIR,  Belgium, etc.), o r  are prepared a t  the  Espoo F a c i l i t y .  For  
example, molybdenum-99/technetium-99m generators are prepared from 
molybdenum-99 purchased from the  German Democratic Republic. The reac tor  
a t  Espoo has a low neutron f l u x ,  and thus has a l i m i t e d  c a p a b i l i t y  f o r  
product ion o f  many radionucl ides,  such as the  parent osmium-191 f o r  t he  
osmium-l9l/ i r i  dium-19lm rad ionuc l ide  generator system. 
t h e  impression t h a t  rou t i ne  nuclear medicine p rac t i ce  i n  F in land  i s  
genera l ly  up t o  Western standards, and t h a t  nuclear card io logy i n  general 
i s  an impor tant  modal i ty and t h a t  there i s  i n t e r e s t  and e f f o r t  f o r  t h e  use 
o f  new agents. Examples inc lude the technetium-99m HmPAO cerebra l  
per fus ion  agent developed by Amersham, iodoamphetamine by Medi -Physics and 
t h e  mercury-195m/gold-l95m generator system by Mal l inckrod t .  I n  addi t ion,  
t h i s  i n s t i t u t i o n  has s p e c i f i c  i n t e r e s t  i n  use o f  the new osmium-191/ 
i ridium-19lm generator system and [i odi ne-1231DMIPP f a t t y  ac id  agent both 
developed a t  ORNL. 

The t r a v e l e r  had 

IV. SUMMARY AND RECOMMENDATIONS 

The t r a v e l e r  gained valuable experience wh i le  i n  Bonn, p a r t i c i p a t e d  i n  
a var ie ty  o f  i n p o r t a n t  p ro jec ts  which were extensions o f  the  ORNL medical 
cooperat ive programs, and was able t o  e f f e c t i v e l y  s t imu la te  European 
c o l l a b o r a t i v e  programs. Such an o f f - s i t e  assignment i s  a very valuable 
experience f o r  t he  i n d i  v i  dual s c i e n t i s t .  The experience gained, 
oppor tun i ty  t o  p a r t i c i p a t e  i n  various pro jec ts ,  and contacts t h a t  were 
es tab l i shed by the  t r a v e l e r  w i l l  be important i n  i n s u r i n g  the  continued 
success i n  h i s  leadership o f  t he  ORNL nuclear medicine program. 
medical cooperat ive programs t h a t  were establ ished w i l l  cont inue t o  be an 
i n t e g r a l ,  impor tant  aspect o f  nuclear medicine research a t  ORNL. 

The 


