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LEGAL NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the Commission, nor any person 
acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed o r  implied, 
with respect to the accuracy, completeness, or usefulness of the 
information contained in this report, or that the use of any information, 
apparatus, method or process disclosed in this report may not infringe 
privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, apparatus, method 

. or process disclosed in this report. . 

As used in the above, "persoa acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or 
provides access to, any information pursuant to his employnent or 
contract with the Commission, or his employment with such contractor. 
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INTRODUCTION 

0. R. Lunt 

Deta i l s  o f  research progress  by the  Laboratory s t a f f  are s u m a r i z e d  
i n  t h e  body of t h i s  r e p o r t .  
p r o b l e m  of both app l i ed  and fundamental n a t u r e  have been achieved. 

Notable advances on an impressive range of 

I n  t h e  Nuclear  Fledicine area,  s i g n i f i c a n t '  advances were made i n  the  
development of  new and u s e f u l  r a d i o a c t i v e ,  d i a g n o s t i c  test  m a t e r i a l s  and 
i n  t h e  a p p l i c a t i o n  of  rap id  organ imaging procedures  f o r  use  i n  t h e  
d i agnos i s  and management of pulmonary embolism and o b s t r u c t i v e  lung 
d i s o r d e r s .  

I n  t h e  Biochemistry-Developmental Biology area, important  
advances have been made i n  t he  use  of  c e l l  c u l t u r e s  t h a t  r e t a i n  organ- 
s p e c i f i c  func t ions .  Heart ce l l s ,  hepa tocy te s ,  u t e r i n e  c e l l s ,  neurones 
and g l i a l  c e l l s  have been used t o  e l u c i d a t e  c o n t r o l s  f o r  t h e  product ion 
of enzyme and o t h e r  p ro te ins .  

Research i n  t h e  Environmental Radia t ion  Div is ion  has  cont inued with 
a n a t u r a l  d e s e r t  community exposed t o  low, bu t  cont inuous,  l e v e l s  of 
gamma radiation. 
and composition of  t h i s  ecosystem. Heteromyid rodents  cont inue  t o  re-  
produce, bu t  t h e  l i f e  span of pocket mice (Perognathus formosus) has  
decreased s l i g h t l y .  
has  been d r a s t i c a l l y  reduced. Leopard l i z a r d s  (CrotaDhytus wi s l i zen i i . )  
are d i sappea r ing  because of rad ia t ion- induced  female s t e r i l i t y ,  and t h i s  
same e f f e c t  a l s o  seems t o  be appearing among w h i p t a i l  l i z a r d s  (Cnedidoph- 
_I orus -- t i g r i s ) .  L i f e  s p a n  appears  t o  be an extremely important f a c t o r  i n  
de te rmining  t h e  response of animals  t o  s u b l e t h a l ,  chronic  i r r a d i a t i o n .  

S i x  yea r s  of  exposure have begun t o  modify t h e  func t ion  

Seed product ion by the  gymnosperm Ephedra nevadensis  

I n  t h e  area of  Radiobiology, major advances have been made i n  
dcterni ining t h e  mechanism by which i o n i z i n g  r a d i a t i o n  a l t e r s  nuc le i c  
a c i d s ,  t h e  mechanisns of a c t i o n  of r a d i a t i o n  mod i f i e r s ,  t h e  conformation 
o f  enzymes, t h e  n a t u r e  of r a d i a t i o n  e f f e c t s  i n  b ra in  c e l l s  i n  v i v o  and 
i n  c u l t u r e d  cloned c e l l s ,  and t h e  e f f e c t s  of  s a l t  stress on tumor 
inc idence .  

Cons t ruc t ion  i s  i n  progress  on the  b u i l d i n g  t o  house the  Labora tory ' s  
biomedical  cyc lo t ron .  This b u i l d i n g  i s  be ing  funded by t h e  Regents,  t h e  
Chance l lor ' s  O f f i c e  and from funds a v a i l a b l e  t o  t h e  Dean of t h e  School of 
Medi.cinc. I n s t a l l a t i o n  of t h e  cyc lo t ron  i s  expected about  t h e  f i r s t  of 
October.  Th i s  f a c i l i t y  w i l l  add impor tan t ,  new c a p a b i l i t i e s  t o  our  r e -  
s ea rch  i n  nuc lea r  medicine and o t h e r  areas. The cyc lo t ron  f a c i l i t y  i s  
loca ted  ad jacent  t o  the  UCLA Medical Center  t o  f a c i l i t a t e  i t s  a p p l i c a t i o n  
i n  medical  c a r e  ar.d research .  
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Introduction (Cont .) 

The research budget has precluded expansion of Laboratory's overall 
program; howcver, specific shifts in emphasis of research goals and 
budgets, agreed upon with the Division of Biology and Medicine of the 
AEC, have been initiated, The addition of a new staff member in the 
Developmental Biology area has already had a favorable influence on the 
total research of the Laboratory. One other, recent, staff appointment 
in Radiobiology is expected to achieve closer coordination of the Devel- 
mental and Radiobiology areas. 
Environmental Radiation, and Biochemistry remain at about previous levels. 

The programs in Nuclear Medicine, 

The bulk of future research in basic nuclear medicine will be con- 
ducted in the 4,000 square feet of space provided at the Medical Center. 
This move brings our Nuclear Medicine staff into closer physical proximity 
with similar activities at the Mcdical Center and facilitates interaction 
with the Department of Radiology staff and with interested personnel of 
other departments. With this move, much needed space in Warren Hall 
is made available. 

Within the past year, six of our staff have received appointments 
in academic departments, making use of the special FTE's provided by the 
Regents for the Laboratory, The appointments carry with them substantial- 
ly all of the privileges of professorial series appointments, with the 
exception that tenure is related to the duration of the Contract. 
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Functional Assessment of Canine Lung Transplants by Radioisotope 
Scannine Procedures 

Toyoharu Lsawa, J. R .  Benfield, J. Castagna, D. E. Johnson, and 
G. V. Taplin 

Thirty-four dogs with left lung allografts, 21 fresh and 13 pre- 

served and 14 dogs with autografts were sequentially studied by radio- 

isotope inhalation and perfusion lung scanning procedures. 

Allografts and autografts were found to function well immediately 

after operation. In autografts, both ventilation and perfusion were 

well maintained during the period of study. In allografts, ventilation 

deteriorated sooner and more.severely than perfusion. The ventilation- 

perfusion index decreased more rapidly and more severely in the preserved 

transplants than in the fresh allografts. Partial bronchial obstruction 

at the bronchial anastomotic site was indicated on the aerosol inhalation 

scan as a locus of excessive radioactive deposition ("hot spot"). 

._ - 

< 

Such 

findings occurred first, in allo-and autografts transiently in the irnmedi- 

ate postoperative period as a result of edema, nexttat the time of re- 

jection (7 to 30 days) in allografts and thirdly,many months postoper- 

atively in autografts as a result of bronchostenosis by scar formation. 

It is concluded that the ventilation and perfusion abnormalities 

which may complicate lung transplantation can be identified in a practical, 

non-traumatic and reproducible way with radioisotope inhalation and per- 

fusion lung scintigraphy . 
Interim Report 
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Unilateral Pulmonary Artery Agenesis, Stenosis and Hypoplasia 
Functional Disturbances Revealed by Radioisotope Lung Imaging 

Toyoharu Isawa and George V. Taplin 

Two patients with agenesis, one with stenosis and another with 

hypoplasia of a pulmonary artery were studied by three types of lung 

scintigraphy. In pulmonary artery agenesis, perfusion is completely 

absent and ventilation to the affected lung is reduced but with no 

evidence of airway obstruction. In pulmonary artery stenosis, perfusion 

is greatly diminished but ventilation is normal in the affected lung. 

In pulmonary artery ,hypoplasia,perfusion and ventilation are both dim- 

inished but there are signs of severe airway obstruction in the affected 

lung. 

be increased by placing the affected lung in the most dependent position. 

Differential scan features of these vascular anomalies versus pulmonary 

embolism and bronchogenic carcinoma are discussed. 

not only enables regional functional disturbances to be visualized but 

also reveals specific abnormalities of ventilation and perfusion from 

which diagnoses of these pulmonary artery anomalies can be facilitated. 

In stenosis and hypoplasia, perfusion to the involved lung can 

Lung scintigraphy 

Final Report 
Submitted to the "American Journal of Roentgenology, Radiation Therapy 
and Nuclear Medicine" for publication. 

Radioaerosol Inhalation Lung Imaging. Its Role In Suspected Pulmonary 
. Embolism 

Toyoharu Isawa, Michael Hayes, and George V. Taplin . 

cz, Seventy-three patients with suspected pulmonary embolism were 
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s tud ied  by combined rad ioaerosol  i n h a l a t i o n  and per fus ion  lung scanning 

procedure us ing  ''Yc- o r  113mIn-albumin ae roso l  and 1311- o r  "?c -WiA, 

r e s p e c t i v e l y .  S ing le  breadth  radioxenon i n h a l a t i o n  s t u d i e s  were a l s o  

done. 

The twenty-eight  p a t i e n t s  who had s i n g l e  o r  mul t ip l e  r eg ions  of  

pulmonary ischemia which were wel l  a e r a t e d ,  were diagnosed pulmonary 

embolism. 

fus ion  abnorma l i t i e s .  Fo r ty - th ree  had p r e - e x i s t i n g ,  o b s t r u c t i v e  airway 

The remaining 45 p a t i e n t s  had o the r  causes  f o r  t h e i r  p e r -  

d i s e a s e s  and two had u n i l a t e r a l  vascu la r  anomalies.  

It i s  concluded t h a t  per fus ion  and r ad ioae roso l  i n h a l a t i o n  scanning 

procedures he lp  d i s t i n g u i s h  the  r eg iona l  ischemia of  pulmonary emboli'sm 

from t h a t  a s soc ia t ed  wi th  o b s t r u c t i v e  airways d i sease .  Shor t - l i ved  test 

agen t s ,  camera equipment and a combined pe r fus ion - inha la t ion  lung imaging 

procedure promises even g r e a t e r  d i agnos t i c  e f f i c i e n c y  while  providing 

the  necessary  informat ion  i n  one hour o r  less. 

F i n a l  Report 

U n i l a t e r a l  Pulmonarv Ar te rv  Agenesis and Hypoplasia (Funct ional  
Disturbances Revealed by Lung Imaginq) 

Toyoharu Isawa and George V. Tapl in  

This  paper desc r ibes  the phys io logica l  d i s tu rbances  demonstrable by 

lung imaging, which h e l p  d i s t i n g u i s h  u n i l a t e r a l  pulmonary a r t e r y  anomalies 

from o t h e r  cond i t ions  wi th  which they may be confused.  

Three d i f f e r e n t  lung-imaging procedures were used: namely, 

133Xe-gas i n h a l a t i o n  camera s t u d i e s  a f t e r  the  s i n g l e  breadth  technique?, 
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r a d i o a e r o s o l  i n h a l a t i o n  lung scanning wi th  99?.c-albumin and perfusion 

lung scanning us ing  1311-MAA by intravenous i n j e c t i o n .  Two p a t i e n t s ,  

each wi th  an absent  r i g h t  pulmonary a r t e r y  and one w i t h  a hypoplas t ic  

l e f t  pulmonary a r t e r y ,  were s t u d i e d  with lung-funct ion tes ts ,  ches t  

f i l m s ,  pulmonary angiography, bronchography and lung s c i n t i g r a p h y  as 

j u s t  descr ibed .  

The two pulmonary a r t e r y  agenesis  p a t i e n t s  showed no per fus ion  t o  

t h e  involved r i g h t  lung even a f te r  t h e  p a t i e n t s  were i n j e c t e d  with t h e  

t r a c e r  while  i n  t h e  r i g h t  l a t e r a l  decubi tus  p o s i t i o n .  Radioaerosol  i n -  

h a l a t i o n  scans  showed diminished but  even d i s t r i b u t i o n  of  r a d i o a c t i v i t y  

i n  the  involved lung.  Xenon-133-gas d i s t r i b u t i o n  was a l s o  diminished, 

b u t  i t s  washout w a s  normal. 

hypogenesis had a u n i l a t e r a l  hyperlucent  lung r a d i o g r a p h i c a l l y  and 

g e a t l y  diminished p e r f u s i o n  by scanning. When t h e  t r a c e r  was i n j e c t e d  

w i t h  t h e  p a t i e n t  i n  t h e  l e f t  l a t e r a l  decubi tus  p o s i t i o n ,  t h e  scans i n -  

d i c a t e d  a s l i g h t  i n c r e a s e  o f  per fus ion  t o  t h e  involved lung.  Radio- 

a e r o s o l  scans  showed excess ive  d e p o s i t i o n  i n  t h e  l e f t  c e n t r a l  major 

bronchus wi th  l i t t l e  i n  t h e  p e r i p h e r a l  lung parenchyma, f i n d i n g s  which 

are c h a r a c t e r i s t i c  of  u n i l a t e r a l  emphysema (J. Nucl. Med. =:345 ,  1969). 

Radioxenon lung images showed a diminished r a d i o a c t i v i t y  and extremely 

slow gas washout from t h e  involved lung.  Function tes t s  showed s l i g h t -  c 

The p a t i e n t  wi th  l e f t  pulmonary a r t e r y  

to-moderate r e s t r i c t i o n  of lung volumes and d i f f u s i o n  abnormal i t ies  i n  r 

both  agenes is  and hypoplas ia  o f  u n i l a t e r a l  pulmonary a r t e r y  p l u s  mild 4 
airway o b s t r u c t i o n  i n  t h e  i n d i v i d u a l  with a hypoplas t ic  

a r t e r y .  Bronchography r e v e a l e d  normal m a l l  airways i n  

l e f t  pulmonary 3 
=Y= 

0 
=? 

the agenes is  
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n case  and b ronch iec t a s i s  i n  t h e  hypoplasia  case. 

Absence of  o r  a g r e a t  r educ t ion  i n  per fus ion  t o  an  e n t i r e  lung i s  

seen i n  massive pulmonary embolism and bronchogenic carcinoma. I n  pu l -  

monary embolism, v e n t i l a t i o n  i s  not  d i s tu rbed  except  i n  t h e  v e r y  e a r l y  

s t a g e .  

t he  e x t e n t  of h i l a r  node involvement.  The h i s t o r y ,  phys i ca l  and r a d i o -  

I n  bronchogenic carcinoma t h e  per fus ion  d e f e c t  depends mainly on 

0 l o g i c a l  f i nd ings  can h e l p  d i s t i n g u i s h  these  d i s o r d e r s  from u n i l a t e r a l  

e vascular  anomalies.  Lung pe r fus ion  and i n h a l a t i o n  imaging procedures 

n-  have a d d i t i o n a l  va lue  by r e v e a l i n g  t h e  underlying f u n c t i o n a l  d i s t u r b -  

ances o f  v e n t i l a t i o n  and pe r fus ion  i n  u n i l a t e r a l  pulmonary a r t e r y  
_ _  - t Y  

# a n o s a l i e s .  

Reference: J .  Nuc. Med. - 11:330-331, June 1970. - -- 
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Inf luence  of  Coronary A r t e r i a l  I n j e c t i o n  of  Radioact ive P a r t i c l e s  on 
Card iodvnmics  -- 

N .  D .  Poe 

S e l e c t i v e  in t r aco rona ry  i n j e c t i o n  of  r a d i o a c t i v e  albumill macroaggre- 

g a t e s  (MAA) would be a s u i t a b l e  method of s tudying  r e g i o n a l  myocardial  

blood f low i f  c a r d i a c  f u n c t i o n  is  no t  compromised. Th i s  hypothes is  was 

t e s t e d  i n  7 open-chest  dogs.  A flow probe w a s  placed on t h e  a n t e r i o r  

descending coronary a r t e r y .  Myocardial c o n t r a c t i l i t y ,  c a r o t i d  a r t e r y  

p re s su re  and the  EKG were a l s o  monitored. One-half m l  volumes of sub-  

s t a n c e s  t o  be eva lua ted  were i n j e c t e d  s lowly i n t o  the  a r t e r y  through a 

f i n e  need le .  Normal s a l i n e  o r  superna tan t  of MAA p repa ra t ions  does not 

a l t e r  any of  the  parameters .  Meglumine d i a t r i z o a t e  u s u a l l y  produced a 

I 
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t r a n s i e n t  f low i n c r e a s e .  C o n t r a c t i l i t y  w a s  v a r i a b l y  a f f e c t e d  but  t he  

EKG and c a r o t i d  a r t e r y  p re s su re  remained s t a b l e .  MAh suspensions 

(10-50 micron) were i n j e c t e d  i n  0 .3  and 0.03 mg amounts. 

former,  f low and c o n t r a c t i l i t y  u s u a l l y  decreased w i t h  r a p i d  recovery 

while  t h e  l a t t e r  could f r equen t ly  be given w i t h  no d e t e c t i b l e  changes. 

Conclusions: Funct iona l  a l t e r a t i o n s  are s o l e l y  a t t r i b u t a b l e  t o  p a r t i c l e  

blockade. 

a r t e r i a l  p re s su re  changes.  S u f f i c i e n t  MAA can be i n j e c t e d  f o r  e x t e r n a l  

rad ioscanning  d e t e c t i o n  without  demonstrably i n t e r f e r i n g  wi th  c a r d i a c  

func t ion .  P o t e n t i a l  c l i n i c a l  a p p l i c a t i o n s  e x i s t .  

In t e r im  Report  

With the  

Flow and c o n t r a c t i l i t y  are a f f e c t e d  i n  advance of EKG o r  

D i s t r i b u t i o n  and Clearance of  Inhaled Aerosols  

N .  D .  Poe 

O r i g i n a l l y  descr ibed  f o r  determining r e g i o n a l  pulmonary v e n t i l a t i o n  

and airway abnorma l i t i e s ,  lung scanning fol lowing r ad ioae roso l  i nha la t ion  

i s  a convenient  c l i n i c a l  and experimental  method f o r  a s ses s ing  d i s t r i b u -  

t i o n  and c l ea rance  of inha led  ae roso l s .  Using p o s i t i v e  p re s su re  or 

u l t r a s o n i c  n e b u l i z e r s  and s a l i n e  s o l u t i o n s  of lg8Au c o l l o i d  o r  

99mtechnetiurn albumin, t he  fol lowing observa t ions  have been made: (1) 

ae roso l  normally i s  depos i ted  uniformly throughout both lung f i e l d s  i n  

propor t ion  t o  v e n t i l a t i o n  (compared t o  133xenon s t u d i e s ) .  Minimal a c t i v -  

i t y  is  observed i n  the  t r achea  and major bronchi .  Clearance ha l f - t ime i s  

about 21 days ;  (2) decreased depos i t i on  is seen i n  r eg ions  of  parenchymal 

1 

N. 
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he disease but no t  embolism without  i n f a r c t i o n ;  (3)  r a p i d  i r r e g u l a r  r e s p i r -  

a t i o n  o r  severe  o b s t r u c t i v e  d i s e a s e  reduces p e r i p h e r a l  depos i t i on  and 

enhances t racheobronchia l  depos i t i on .  A second, more r ap id  c l ea rance  

Y phase (T 1/2 about 5 hours)  becomes appa ren t .  This r ep resen t s  c l ea rance  

e s .  by the  c i l i a r y  mechanism. Scans performed 6 t o  24 hours a f t e r  i n h a l a t i o n  

t i c l e  show only  p e r i p h e r a l  a c t i v i t y  remaining; (4 )  i n  t h e  la teral  decubi tus  

p o s i t i o n ,  a e r o s o l  d e p o s i t i o n  i s  r e l a t i v e l y  g r e a t e r  i n  the  dependent w e l l -  

r na l  

1 C  

v e n t i l a t e d  lung .  The r eve r se  i s  found i n  anes the t i zed  animals wi th  poor 

expansion of t h e  dependent lung; ( 5 )  si tes  of  p a r t i a l  airway o b s t r u c t i o n  

can f r equen t ly  be i d e n t i f i e d  as l o c a l i z e d  "hot-spots" due t o  increased  

_ _  - 
aerosol.  d e p o s i t i o n ;  (6 )  75 percent  o r  more ae roso l  i s  l o s t  i n  t he  tub ing  

! 
and t h e  exhaust  w i t h  only  5-15 percent  eve r  reaching  the  lower r e s p i r a -  

t o ry  t r a c t .  I n h a l a t i o n  lung scanning o f f e r s  a unique method f o r  q u a l i -  

t a t i v e l y  and q u a n t i t a t i v e l y  s tudying  a e r o s o l  admin i s t r a t ion  and depos i t i on .  

It is a p r a c t i c a l  and a v a i l a b l e  technique f o r  eva lua t ing  medicinal  ae roso l  :ion 

a t i c n  therapy .  

ibu - 
Reference: D i s .  Chest 56:264 No. 3 ,  Sept .  1969. 

The Inf luence  of  Pulmonary Arter ia l  Ischemia on t h e  D i s t r i b u t i o n  of  
Inhaled Radioaerosols  1) 

i n  N. D .  Poe 

c t i v -  The p resen t  s tudy  w a s  undertaken t o  f u r t h e r  explore  c e r t a i n  f a c t o r s  

xe i s  inf luoncing  a l v e o l a r  depos i t i on  of r ad ioae roso l s  and determine the  r e l a -  

hymal t i o n s h i p  between a e r o s o l  depos i t i on  and v e n t i l a t i o n  i n  chronic  a r t e r i a l  

ischemia.  Both rad iogas  v e n t i l a t i o n  and r ad ioae roso l  i n h a l a t i o n  techniques 

I 

I 
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have been advocated as a means of d i f f e r e n t i a t i n g  pulmonary ischemia of 

embolic o r i g i n  from o t h e r  'causes of ischemia by demonstrat ing pe r s i s t ence  

o f  s u b s t a n t i a l  a i r  exchange i n  primary vascu la r  occ lus ion  i n  c o n t r a s t  to 

poor exchange i n  parenchymal d i s e o s e .  The r e l i a b i l i t y  of  t h i s  d i s t i n c -  

t i o n  has not  beer. f u l l y  e s t a b l i s h e d .  

Permanent vascu la r  occ lus ion  w a s  e f f e c t e d  i n  dogs wi th  p l a s t i c  

sponge emboli o r  s u r g i c a l  d i v i s i o n  o f  t he  l e f t  pulmonary a r t e r y .  The 

l a t t e r  produced t o t a l  pulmonary a r t e r i a l  ischemia while  autopsy observa-  

t i o n s  ind ica t ed  the  p o s s i b i l i t y  of incomplete i n t e r r u p t i o n  of  flow i n  the  

embolized group. U l t r a s o n i c a l l y  genera ted  99mTc albumin a e r o s o l s  were 

adminis te red  t o  the  embolized group by p o s i t i v e  p re s su re  (28 c m  H 0) or 

nega t ive  p re s su re  (15 c m  H 0 ) .  

i c a n t  decrease  i n  a e r o s o l  d e p o s i t i o n  dur ing  2-12 months follow-up. The 

2 _- - 

The h igh  p res su re  group showed no s i g n i f -  2 

nega t ive  p re s su re  group demonstrated l i t t l e  i n i t i a l  dec rease  bu t  decre-  

ments of 30% o r  more were see2 w i t h i n  2 months i n  3 of  4 animals .  

I n  the  group wi th  sec t ioned  pulmonary a r te r ies  t h e  average reduct ion  

of ae roso l  d e p o s i t i o n  i n  the  ischemic lung was 73% a t  one week wi th  neg- 

a t i v e  p re s su re  b rea th ing .  

bu t  a t  6 months the  average r educ t ion  was only  34%. A t  no t i m e  was the re  

a t o t a l  absence of  a e r o s o l  d e p o s i t i o n  i n  the  ischemic lung. A l imi t ed  

Subsequent observa t ions  were q u i t e  v a r i a b l e ,  

number of  comparisons of  spontaneous,  p o s i t i v e  and nega t ive  p re s su re  

b rea th ing  were made beyond one month. N o  c o n s i s t e n t  d i f f e r e n c e s  were 

no ted .  . 
133 D i s t r i b u t i o n  of  Xe v e n t i l a t i o n  and r ad ioae roso l  d e p o s i t i o n  c o r -  

r e l a t e d  almost p e r f e c t l y  i n  normal animals .  Af t e r  l e f t  pulmonary , a r t e r i a l  

98 

1 

1 

C 

E 

0 

R - 

Dt 
E2 

T .  

- 

I 

P r  

m e  

i c  

u s  

ani 

-0 
-tax 
0 
>St ?  

Q 
Q 
2r 



O f  

ence 

t o  

C -  

v a  - 

tt1c 

L 2  

)r 

\ i f -  

le 

- 

ion 

g -  

Y 

src 

div i . s ion ,  reduced r a d i o a c t i v i t y  i n  the  ischemic lung was ev ident  wi th  

e i t h e r  technique,  but  t he  a e r o s o l  va lues  tended t o  be lower.  Although 

t h e  two methods are not  d i r e c t l y  comparable, t he  r e s u l t s  sugges t  t h a t  

a e r o s o l  i n h a l a t i o n  scans  may be a more s e n s i t i v e  q u a l i t a t i v e  approach i n  

d g t e c t i o n  of poorly v e n t i l a t e d  r eg ions .  

The d a t a  support  previous observa t ions  t h a t  ischemic lung cont inues  

However, v e n t i l a t i o n  t o  undergo a i r  exchange even i n  the  chronic  s t a g e .  

r e d u c t i o n  may be marked a t  any time diminishing the  c l i n i c a l  u se fu lness  

o f  v e n t i l a t i o n  s t u d i e s  under these  circumstances.  The v a r i a t i o n s  i n  

a l t e r e d  v e n t i l a t i o n  may be r e l a t e d  t o  the  completeness of t h e  v a s c u l a r  

o b s t r u c t i o n .  
I 

Reference: J. of Nuc. Med. E:351, No. 6 ,  June 1970 -- ___ 

Determinat ion of i n  v ivo  P e r s i s t e n c e  of Tantalum D u s t  Following Broncho- 
graphy,  Using Reactor-Act ivated Tantalum and To ta l  Eody Countinpi 

T.  Upham, S. Graham, R . J .  S t ecke l  and N.D. Poe 

Tantaluin has  r e c e n t l y  been reconmended by Nzdel and o t h e r s ,  as a 

promising bronchographic c o n t r a s t  agen t .  Strong p o i n t s  i n  t h e s e  recom- 

mendations have been the  n o n - r e a c t i v i t y  of m e t a l l i c  tantalum i n  b io log -  

i c a l  media and i t s  r a p i d  c l ea rance  from the  bronchi  fol lowing bronchography. 

Using low-level  g a m a  i r r a d i a t i o n  from neut ron  a c t i v a t e d  tantalum d u s t ,  

and s e v e r a l  d i f f e r e n t  p a r t i c l e  s i z e s ,  t o  assay  the  t h o r a c i c  r e t e n t i o n  of 

tan ta lum fo l lowing  experimental  bronchography i n  dogs,  we have demon- 

s t r a t e d  long- t e rm ' r e t en t ion ,  of the o rde r  of  20% of the  adminis tered 
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tantalum dose.  

ex tens ion  of t h e s e  d a t a  t o  t h e  c l i n i c a l  s i t u a t i o n  is no t  p o s s i b l e ,  caut ion 

This  r e s u l t  w a s  t o t a l l y  unexpected, and al though d i r ec t  

i s  urged i n  t h e  c l i n i c a l  use of  t h i s  new a g e n t ,  because of p o s s i b l e  long- 

t e r m  e f f e c t s  of  a p a r t i c u l a t e  c o n t r a s t  m a t e r i a l  r e t a i n e d  i n  t h e  lungs,  

bronchi  and/or r e g i o n a l  lymph nodes. 

I n t e r i m  Report 

Diagnost ic  Evalua t ion  of Brain S c i n t i g r a m  i n  Comparison With Neuro- 
r a d i o l o z i c a l  Procedures 

G .  H .  Wilson and N .  D .  Poe 

One-hundred c h i l d r e n  froin t h e  newborn per iod  t o  s i x t e e n  y e a r s  of age 

have been s t u d i e d  by b r a i n  sc in t igrams and c e r e b r a l  angiography. 

work-up i n  manycases has  a l s o  included pneumoencephalography. 

The 

The b r a i n  

s c i n t i g r a m  were performed us ing  "?'c. 

a g e ,  t h e  s c i n t i g r a m  were obtained using t h e  Anger camera. 

o l d e r  c h i l d r e n  were scanned wi th  a r e c t i l i n e a r  scanner .  The c e r e b r a l  

angiograms were done s e l e c t i v e l y  fol lowing percutaneous c a t h e t e r i z a t i o n  

of  t h e  fernoral a r t e r y .  

I n  c h i l d r e n  under f i v e  years  of 

Cooperative 

The pneumoencephalograrns were done on a Mimer 

w i t h  laminography where i n d i c a t e d .  

The r e s u l t s  o f  t h i s  comparative s tudy  i n d i c a t e  good c o r r e l a t i o n  be-  

tween the  scanDing and rad ibgraphic  procedures i n  most tumors, excluding 

midl ine  b a s a l  and posterLor  f o s s a  tumors which t h e  scan  cannot r e a d i l y  

i d e n t i f y .  For 

l i t t l e  v a l u e .  

I n t e r i m  Report 

most degenera t ive  and c o n g e n i t a l  d e f e c t s ,  t he  scan is of 
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' e s t  Effects of Short-Term Epithelial Reticular Cell and Whole Organ Thymus 

:aution 

long - 

;s > 

Grafts in Neonatally Thymectomized Mice 

Esther F. Hays and Paul F. Alpert 

Neonatally thymectomized mice were implanted with thymus grafts com- 

posed of epithelial reticular cells for periods of 7 and 14 days. Re- 

gardless of whether the grafts were placed immediately after thymectomy, 

or at 3 weeks of age, there was little recovery of the lymphocyte deple- 

tion and impaired immunologic responsiveness, characteristically found 

in a neonatally thymectomized host. The findings were similar in an- 

imals studied at 2 months or 2 weeks after graft removal. 

short-term remnant grafts were populated with lymphocytes and had at- 

tained the morphologic appearance of thymus by 14 days. 

Many of the 

f age _ _  - 

e 

rain 

s of 

ive nant grafts were removed after 2 months, and if intact neonatal thymus 

1 

A lesser degree of lymphocyte depletion and impaired responsiveness 

to SRBC occurred if thymectomy was delayed until 7 days of age, if rem- 

was used for the short-term grafts. Complete normality was found in 

ion some of the animals in all of these groups. 

These observations suggest a direct role for mature thymus lympho- 

cytes in reconstituting the neonatally thymectomized host and indicate 

be - that epithelial cell function is to direct the maturation of cells that 

' ing 

Y Reference: Journal of Experimental Medicine 130:847-857, No. 4, 

of 

ultimately behave as thymus lymphocytes. 

October 1, 1969 
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E f f e c t  of Antilymphocytic and Antithymocytic Se ra  on t he  Development 
of Mouse Lymphoma 

Donna L. Vredevoe and Es ther  F. Hays 

I n j e c t i o n s  of a n t i s e r a  t o  lymphoid t i s s u e s  of C3H/HeJ mice s i g n i f -  

i c a n t l y  increased t h e  inc idence  of (a)  lymphoma i n  normally r e s i s t a n t  

C 3 H / H e J  a d u l t  mice i n j e c t e d  4 t imes wi th  Gross leukemia v f r u s  and (b) 

growth of a l logene ic  lymphomas i n  C3H/HeJ and AKR mice when compared t o  

s i m i l a r l y  t r e a t e d  animals i n j e c t e d  wi th  normal r a b b i t  serum. 

anti lymphoid c e l l  sera were ab le  t o  s u p p r e s s  sheep red blood c e l l  hemag- 

The same 

g l u t i n i n  responses  i n  paral le l  sets of mice. 

Immunosuppressive drugs ,  6-mercaptopurine (100 mg/kg of d i e t )  and 

a z a t h i o p r i n e  (100, 150, or 200 mg/kg of d i e t s  o r  150 mg/kg mouse i n -  

j e c t e d  i n t r a p e r i t o n e a l l y ) ,  d id  not  i n c r e a s e  t h e  inc idence  of lymphoma 

i n  C 3 H / H e J  a d u l t  m i c e  r ece iv ing  m u l t i p l e  i n j e c t i o n s  of Gross leukemia 

v i r u s  o r  depress  t h e  hemagglutinin response  t o  sheep r ed  blood c e l l s .  

There was a tendency towards pro longat ion  of l a t e n t  per iods  of 

spontaneous lymphoma i n  AKR mice and v i rus- induced  lymphoma i n  C3H/HeJ 

m i c e  i n j e c t e d  with C3H/HeJ antf thymocytic  serum p r i o r  t o  development of 

lymphoma. Incidence and l a t e n t  per iod of v i rus -acce le ra t ed  lymphoma i n  

AKR m i c e  was not a l t e r e d  by admin i s t r a t ion  of the  ant i thymocytic  serum 

dur ing  t h e  l a t e n t  per iod  df  lymphomagenesis. 

Reference: Cancer Res. ,  - 29: 1685-1690, September 1969. 
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Immune Response i n  Preleukemic Mice 

Manuel Frey-Wetts te in  and Esther  F. Hays 

Humoral and ce l lu la r  immunity was assesseL s e r i a l l y  i n  preleukemic 

AKR and Gross v i r u s - i n j e c t e d  C3H/HeJ m i c e  over a per iod  of  10 t o  12 

months as measured by q u a n t i t a t i v e  g lobu l in  de te rmina t ion ,  hemagglut - 
i n i n  and hemolysin t i t e r s  fol lowing immunization with sheep r ed  blood 

c e l l s ,  and macrophage migra t ion  i n h i b i t i o n .  Normal product ion  of 

g l o b u l i n s  as we l l  as humoral an t ibod ie s  w a s  found i n  both  of these  

experimental  s t r a i n s ,  while  macrophage migra t ion  i n h i b i t i o n ,  which i s  

be l ieved  t o  be a c o r r e l a t e ' o f  c e l l u l a r  immunity, appeared t o  be abnormal 

throughout  t h e  l i f e  of t hese  two groups of animals, which were  des t ined  

t o  develop a high inc idence  of lymphoma. Some aspec t s  of t h i s  apparent 

d i s s o c i a t i o n  between humoral and c e l l u l a r  immune .response are discussed 

wi th  regard t o  t h e  mouse v i r u s  lymphoma system, p r imar i ly  involv ing  t h e  

thymus, which w a s  used i n  these  s t u d i e s .  

In t e r im  Report 

S tud ie s  with Heterologous Antithymocytic Serum 

Donna L. Vredevoe and Es ther  F, Hays 

AKR o r  C3H/HeJ t r ansp lan ted  mouse lymphomas o r i g i n a l l y  induced by 

Gross v i r u s  have been shown t o  be n e u t r a l i z e d  by i n  v i t r o  incuba t ion  -- 
wi th  an immunosuppressive r a b b i t  anti-mouse thymus c e l l  serum (ATS). 

N e u t r a l i z a t i o n  w a s  measured by s i g n i f i c a n t l y  increased  l a t e n t  per iods  or  

decreased inc idence  (at 60 days pos t  t r a n s f e r )  of lymphoma i n  syngeneic 
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r e c i p i e n t s  of  ATS-incubated c e l l s  when compared t o  NRS-incubated c e l l s .  

Although ATS was shown t o  n e u t r a l i z e  lymphoma c e l l s  by i n  v i t r o  incuba- 

t i o n ,  when it w a s  adminis tered i n  vivo t o  a d u l t  C3H mice dur ing  a Course 

of  1 t o  4 weekly i n t r a p e r i t o n e a l  i n j e c t i o n s  of  c e l l - f r e e  f i l t r a t e s  of 

Gross v i r u s  induced lymphoma, t h e  incidence of  lymphoma w a s  s i g n i f i -  

c a n t l y  g r e a t e r  i n  mice r ece iv ing  ATS and v i r u s  than  i n  mice rece iv ing  

v i r u s  a lone .  

t o  290 days pos t  i n i t i a t i o n  of t rea tment .  The inc idence  tended t o  in- 

The l a t e n t  period t o  lymphoma development ranged from 119 

c rease  as the  number of i n j e c t i o n s  of c e l l - f r e e  f i l t r a t e  was increased 

wi th  a naximum inc idence  reached a t  3 i n j e c t i o n s .  These s t u d i e s  i l l u s -  

t ra te  a dua l  a c t i o n  of  t he  antithymus ce l l  serum i..e., a direct ac t ion  

on tumor c e l l s  and c e l l s  t o  prevent  t h e i r  r e p l i c a t i o n  i n  syngeneic 

h o s t s ,  and an immunosuppressive a c t i o n  i n  animals g iven  lymphomagenic 

v i rus  which promotes the  development o f  lymphoma. 

In te r im Report  

Regeneration and Morphologic Changes i n  Thymic G r a f t s  Exposed t o  a 
Lymphomagenic V i r u s  

Es ther  F. Hays 

Thymic g r a f t s  composed of e p i t h e l i e l  r e t i c u l a r  c e l l s  placed under 

t h e  r e n a l  capsu le  were found t o  r egene ra t e  t o  the  morphology of  normal 

thymus with a c h a r a c t e r i s t i c  sequence of  c e l l u l a r  e v e n t s .  

such g r a f t s  i n  AKR mice t o  a lymphomagenic v i r u s  (Gross) r e s u l t e d  i n  no 

v i s i b l e  change i n  t h i s  r egene ra t ion  p a t t e r n ,  y e t  lymphoma w a s  found to  

Exposure of . 
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develop i n  h igh  inc idence  i n  t h e s e  g r a f t s .  I n t a c t  thymic g r a f t s  placed 

subcutaneously o r  under t h e  kidney capsule  and biopsied a t  i n t e r v a l s  i n  

t h e  prelymphomatous per iod were found t o  be i d e n t i c a l  t o  g r a f t s  unexposed 

to  v i r u s  when examined microscopica l ly .  These f ind ings  suggest t h a t  

exposure of  g r a f t s  t o  lymphomagenic v i r u s  does n o t  a l t e r  the func t ion  of 

t h e  e p i t h e l i a l  r e t i c u l a r  c e l l s  which is t ha t '  of d i r e c t i n g  lymphoid re-  

popula t ion  of t h e  g r a f t s  wi th  stem ce l l s  der ived  from t h e  host bone 

marrow. 

formation of a lymphoid c e l l  o r  c e l l s  without any p r i o r  a l t e r a t i o n  of 

the morphological appearance o f  t h e  g r a f t ,  implying a d i r e c t  thymus 

c e l l - v i r u s  i n t e r a c t i o n  in t h e  malignant change. 

When lymphoma does develop i n  t h e  thymus, it occurs as a t r a n s -  

In te r im Report 

ric 

Dynamic Kidney Funct ion S t u d i e s  i n  Renal Transplan t  Recipients 

Michael Hayes and George V. T a p l i n  

The renogram and s e q u e n t i a l  kidney scans supplement each other  and 

have d i s t i n c t  d i a g n o s t i c  v a l u e  i n  a v a r i e t y  of  r e n a l  problems. 

s tudy  w a s  undertaken t o  determine t h e  usefu lness  o f  combining these two 

procedures i n  t h e  management of r e n a l  t r a n s p l a n t  p a t i e n t s .  A secondary 

purpose w a s  t o  compare ''9c DTPA, an i n u l i n  s u b s t i t u t e  with 1311 Hip- 

p u r a t e  which is c l e a r e d  p r i m a r i l y  by t u b u l a r  e x c r e t i o n  as test  agents 

f o r  dynamic .kidney imaging. 

This  

d e r  

na 1 

o f  

1 no 

t o  

Using a l a r g e  c r y s t a l  s c i n t i l l a t i o n  camera, twelve kidney t r ans -  

p l a n t  r e c i p i e n t s  were s t u d i e d ,  w i t h  a t o t a l  o f  38 examinations. Ser ia l  
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- 1  
1-1/2 minute kidney images were obtained f o r  as long as 20 minutes pos t -  

i n j e c t i o n ,  fol lowing a s i n g l e  intravenous i n j e c t i o n ,  con ta in ing  300 u 

4 i  of  1311 Hippurate and 2 m C i  ''yc DTPA. Images were made wi th  the  

p a t i e n t  i n  t h e  supine p o s i t i o n  so  t h a t  both the  t r ansp lan ted  kidney and 

the  b ladder  could be included i n  the  camera's  f i e l d  of view. Renograms 

and c y s t o g r m s  were obtained from magnetic tape  d a t a  f o r  bo th  agents  by 

a r e a  of i n t e r e s t  q u a n t i f i c a t i o n :  a method which accepts  on ly  counts  from 

s e l e c t e d  a r e a s ,  and r e j e c t s  surrounding background counts .  

Renocystograms der ived i n  t h i s  manner were found t o  be more r e l i a b l e  

than  those  obtained wi th  e x t e r n a l  probes f o r  two reasons .  F i r s t ,  accura te  

organ l o c a l i z a t i o n  is  obtained by d i r e c t  v i s u a l i z a t i o n  and r a d i o a c t i v i t y  

from n e a r l y  a l l  surrounding t i s s u e  can be excluded by the  area of  i n t e r -  

es t  device  and, second, t h e  depth response of  t h e  s c i n t i l l a t i o n  camera 

is less a f f e c t e d  by t h e  inverse  square l a w  than  t h a t  of an e x t e r n a l  

co l l ima ted  d e t e c t o r .  Kidney t o  background r a t i o s  a t  two minutes ,  and 

r e n a l  t r a n s i t  t i m e s  can be determined a c c u r a t e l y  and were found t o  be 

more respons ive  t o  d a i l y  v a r i a t i o n s  i n  func t ion  than v i s i b l e  changes i n  

s e q u e n t i a l  scans .  

p o s t - i n j e c t i o n  could be est imated and w a s  found t o  be a r e l i a b l e  index 

of  func t ion  i n  the  absence of  u r ina ry  o b s t r u c t i o n .  

The amount of  r a d i o a c t i v i t y  i n  the  b ladder  20 minutes 

The q u a n t i f i e d  reno-  

cystogram w a s  found t o  augment the anatomical  and func t iona l  information 

der ived  from ser ia l  scans .  I n  gene ra l ,  f u n c t i o n a l  changes i n  the  t r a n s -  

p lan ted  kidney were r e f l e c t e d  by the  scan-renocystogram examination be- 

f o r e  t h e  development of  e i t h e r  c l i n i c a l  s i g n s  and symptoms o r  labora tory  
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f ind ings  i n d i c a t i v e  of the r e j e c t i o n  phenomenon. 

''?Sc DTPA provided b e t t e r  scan  s t a t i s t i c s  and lower p a t i e n t  r a d i -  

a t i o n  exposures than  1311 Hippurate as the t e s t  agent .  Both agents  

seemed equa l ly  s e n s i t i v e  t o  moderate changes i n  func t ion .  However, when 

o v e r a l l  func t ion  w a s  s eve re ly  depressed ,  I Hippurate was t h e  more 131 

s e n s i t i v e  agent .  I n  some c a s e s ,  the use of both agents  i n  combination 

gave va luab le  information regard ing  s e l e c t i v e  depress ion  of e i t h e r  glom- 

erular  f i l t r a t i o n  o r  t ubu la r  e x c r e t i o n ,  b u t ,  i n  most i n s t ances ,  t he  

func t iona l  d i s turbances  r e g i s t e r e d  by each of t h e  two agents  were similar 

and r a n  i n  paral le l  d i r e c t i o n s .  

I n  c h e l a t e s  may be used as sa t i s -  113m 

f a c t o r y  I3lI Hippurate s u b s t i t u t e s  f o r  eva lua t ing  the  t r ansp lan ted  kidney 

It is concluded t h a t  "?k or  

when o v e r a l l  func t ion  i s  f a i r  t o  good. I f  a s i n g l e  radiopharmaceut ical  

m u s t  be used i n  a l l  c a s e s ,  1311 Hippurate remains t h e  agent of choice .  

In te r im Report  

The Physics of Radionuclide Lmaging Made Easy With a Three Dimensional 
Phantom 

Michael Hayes 

Much of the  knowledge on organ imaging of  r ad ionuc l ide  d i s t r i b u t i o n  
10 - 

is i n  a form which is d i f f i c u l t  f o r  the  c l i n i c i a n  t o  

t o  everyday scan i n t e r p r e t a t i o n .  This r e p o r t  is the  

t o  br idge the 'gap  between p h y s i c i s t  and phys ic ian  by 

t i o n  on t h e  phys ica l  p r o p e r t i e s  of scanning i n  a way 

.on 

IS - 
- 
ry 

understand and apply 

r e s u l t  of  an e f f o r t  

p resent ing  informa- 

which r e q u i r e s  

n e i t h e r  e x p e r t i s e  i n  mathematics nor the  s tudy  of  complex graphs and 
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c h a r t s .  

The 3-dimensional phantom has been used t o  i l l u s t r a t e  t he  following 

f a c e t s  of r ad ionuc l ide  imaging. 

1. Inc reas ing  the  d e n s i t y  of  surrounding media decreases  depth 

response .  

2.  Inc reas ing  c o l l i m a t o r  t o  organ d i s t ance  decreases  changes of 

d e t e c t i n g  r ad ionega t ive  l e s i o n s .  

3. Background s u b t r a c t i o n  o r  c o n t r a s t  enhancement decreases  the  

changes of  imaging deep-sea ted  r a d i o p o s i t i v e  areas. 

4. High d i s c r i m i n a t o r  o r  narrow analyzer  window s e t t i n g s  improve 

d e t e c t i o n  of  r ad ionega t ive  d e f e c t s  a t  a c o s t  o f  g r e a t l y  increased  

scanning t i m e .  

5 .  Inc reas ing  r ad ionuc l ide  energy improves the  chances o f  d e t e c t -  

D - 
?? 
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b 
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nc 

sc 
i ng  r ad ionega t ive  l e s i o n s .  

6 .  The s c i n t i l l a t i o n  camera in t roduces  no s i g n i f i c a n t  image d i s -  
Tt 

ea 
t o r t i o n  wi th  a para l le l  h o l e  c o l l i m a t o r ,  moderate d i s t o r t i o n  wi th  a 

OF 
d ive rgen t  co l l ima to r  and seve re  d i s t o r t i o n  with a p inhole  co l l ima to r .  

t r  
I n  conclus ion ,  the  3-dimensional phantom is u s e f u l  i n  s tudying  v a r i -  

P i  
L 

a b l e s  which a f f e c t  nuc l ide  imaging. I ts  two main advantages a r e  s i m p l i -  

c i t y . o f  use and ease  o f  d a t a  i n t e r p r e t a t i o n .  

revea led  d i r e c t l y  by i n s p e c t i o n  only  wfthout t he  need f o r  mathematical  

analysis ' .  

The d e s i r e d  information i s  

In t e r im  Report 
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Delayed Brain Scanning With "?c Pe r t echne ta t e  f o r  Improved Tumor 
D e t e c t a b i l i t y  

ing 
G.F. Gates ,  E.K. Dore, and G.V. Tapl fn  

This i n v e s t i g a t i o n  desc r ibes  the  r e s u l t s  of "?Cc p e r t e c h n e t a t e  

b r a i n  scans  performed dur ing  t h e  f i r s t  hour fol lowing t r a c e r  i n j e c t i o n  

and of rescanning s e l e c t e d  p a t i e n t s  one t o  twenty-four hours  l a t e r .  

Eighty b r a i n  tumors w e r e  found among the  near ly  1500 p a t i e n t s  who had 

b r a i n  scans performed dur ing  t h e  two yea r  per iod  1968-69. Seventy-four 

had a t i s s u e  d i agnos i s  and i n  t h e  remaining six, diagnoses  were e s t a b -  

l i s h e d  by c l i n i c a l ,  s c a n ,  and neuro rad io log ica l  f i nd ings .  Fo r ty  had 

both e a r l y  and delayed scan  examinations and in 15 t h e  e a r l y  scans  were 

normal o r  equivocal .  Fourteen of t h e s e  15 became p o s i t i v e  upon delayed 
_ _  - 

examinat ion.  Twenty-six nondiagnost ic  t o  moderately p o s i t i v e  e a r l y  

scans increased  i n  t h e i r  degree of  abnormali ty  upon' delayed examination. 

The d e t e c t i b i l i t y  of  b r a i n  tumors improved from 80 percent  w i th  r o u t i n e  

. i  - 
- 
.s 

e a r l y  scanning t o  93 percent  by rescanning s e l e c t e d  p a t i e n t s  l a t e r .  The 

opt imal  t i m e  f o r  delayed scan  examination is three- four  hours fol lowing 

t r a c e r  i n j e c t i o n .  

F i n a l  Report 

Magnacamera S tudies  o f  t he  L i v e r ' s  Dual  C i r c u l a t i o n  

Hideo Yamada, Parameswaran Ramanathan and George V. Tapl in  

The d y n q i c  aspects o f  t he  l i v e r ' s  dua l  c i r c u l a t i o n  were s tud ied  8 

with  the  Magnacaolera and the v ideo  q u a n t i f i e r  following r a p i d  intravenous 

i n j e c t i o n  of 99?c albumin s o l u t i o n s  o r  microaggregates . Stud ies  were 

i 
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made i n  normal s u b j e c t s ,  i n  p a t i e n t s  wi th  space occupying l e s i o n s  and in 

l i v e r  c i r t h o s i s .  Areas of normal versus  abnormal l i v e r  (co ld  l e s i o n )  

were i d e n t i f i e d  dur ing  r ep lay  of t h e  v ideo  t ape .  Analogue t r a c i n g s  from 

each of t hese  two a reas  were obtained wi th  t h e  "cursors"  dur ing  the  f i r s t  

s i x t y  seconds and aga in  a t  f i v e  minutes fol lowing i n j e c t i o n .  Polaroid 

p i c t u r e s  were made a t  i n t e r v a l s  determined from the  t r a c i n g s  of  changing 

r a d i o a c t i v i t y  l e v e l s  i n  the  a r e a s  of i n t e r e s t  (normal versus  abnormal 

l i v e r  and l i v e r  versus  h e a r t ) .  

Normally the  hepa t i c  a r t e r i a l  curve starts t o  r ise 1-2 seconds a f t e r  

t h e  peak of  t h e  l e f t  h e a r t  curve .  It reaches  a p l a t eau  i n  about 5 sec -  

onds and i s  followed by a more gradual  r i s e  which r e p r e s e n t s  t h e  p o r t a l  

venous component. I n  the  tumor r eg ion ,  t h e  a r t e r i a l  component rises t o  

a p l a t eau  quick ly  bu t  i s  not followed by a f u r t h e r  i nc rease  i n  r a d i o -  

a c t i v i t y  dur ing  t h e  usua l  p o r t a l  phase,  thereby  i n d i c a t i n g  g r e a t l y  

diminished o r  absent  p o r t a l  flow. I n  advanced c i r r h o s i s ,  t he  a r t e r i a l  

component i s  more prominent than  i n  normal s u b j e c t s  bu t  the  p o r t a l  venous 

phase is reduced and sometimes absen t .  

_ _  - 

\ 

With t h i s  c a p a b i l i t y  one can s tudy  a l t e r a t i o n s  i n  the a r t e r i a l  and 

venous components of the  l i v e r  c i r c u l a t i o n ,  both i n  parenchymal d i sease  

as w e l l  as i n  l o c a l i z e d  l i v e r  l e s i o n s  such as c y s t s ,  abscesses ,  primary 

and secondary tumors. The procedure deserves  f u r t h e r  i n v e s t i g a t i o n  be-  

cause s f  i t s  p o t e n t i a l  usefu lness  i n  the  management of  c i r r h o s i s  and 

i t s  poss ib l e  d i a g n o s t i c  va lue  i n  d i s t i n g u i s h i n g  malignant from benign 

l e s i o n s  of  the l i v e r .  

In t e r im  Report 

. 
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P l a c e n t a l  T rans fe r  of  '13Sn Contamination i n  113mIn Generator Elua tes  

Norman S. MacDonald, Mart in  Hackendorf and Anne F le she r  

- 

Traces of '13Sn appear i n  a c i d i c  e l u a t e s  from t in- indium gene ra to r s .  

I n  view of  t he  growing use of  100-min 113mIn i n  p l a c e n t a l  scanning,  i t  

is d e s i r a b l e  t o  estimate t h e  a d d i t i o n a l  r a d i a t i o n  exposure t o  the  f e t u s  

a r i s i n g  from t h i s  moiety o f  115-day '13Sn. Pregnant r a b b i t s  (16) re- 

I n ,  e i t h e r  as the  r a w  1 1 3 m  ceived 10 m C i ,  in t ravenous i n j e c t i o n s  of  

e l u a t e  or wi th  added albumin ad jus t ed  t o  pH 7. 

too  low f o r  d e t e c t i o n  wi th  hematoxylin,  b u t  samples of i n j e c t e d  s o l u -  

t i o n s  a f t e r  3 days showed r e s i d u a l  a c t i v i t i e s  from 0.2 t o  0.05 pCi/ml 

with gamma spectrum and decay t i m e  o f  113Sn-113m1n equi l tbr ium mixtures .  

T i n  contaminations were 

_ _  - 

Radio t in  r e t e n t i o n  w a s  measured i n  the  materna l  r a b b i t s  and the  l i t t e r s  

taken 1-2 days a f t e r  i n j e c t i o n  by Caesar ian  s e c t i o n  or de l ive red  7-11 

days a f t e r  i n j e c t i o n .  Af t e r  1 day, 33-529. of the  i13Sn i n j e c t e d  was 

recovered i n  t h e  maternal  body bu t  less than  47. w a s  i n  the l i v e r ,  sp l een ,  

G I  t rac t  and kidneys.  Af t e r  2 days ,  however, 239. w a s  i n  these  exc re to ry  

organs.  Between 1-37, of  i n j e c t e d  '13Sn w a s  i n  t he  f e t u s e s  a t  1-day 

p o s t i n j e c t i o n .  This  decreased t o  0.1-0.59. by the  t ime of normal d e l i v -  

e r y  7-11 days l a t e r .  The burden of  t i n  i n  the  f e t u s e s  decreased f a s t e r  

than t h e  materna l  burdens.  

dose of  113mIn might con ta in  0.05 pCi of  '13Sri. 

For p l a c e n t a l  scanning i n  humans a 1 - m C i  

Calcu la ted  mean i n t e -  

g ra t ed  r a d i a t i o n  dose t o  t h e  f e t u s ,  us ing  MIRD d a t a ,  would be 0.08-0.8 

mrad f o r  e f f e c t i v e  ha l f - t imes  between 20 and 115 days o r  roughly 1/100 

t o  1/10 the  dose rece ived  from the  . This small a d d i t i o n a l  11 3mIn 

I 
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radiation exposure can be completely avoided by passing the raw eluate 

through a 2-cm.column of Z r O  

filtration. 

just before sterilization by membrane 
2 

This also provides protection against accidental massive 

tin breakthrough. 

Reference: J. of NUC. Med. 2:344-345 No. 6 ,  June 1970. 

The Radiation Dose to a Human Adult Population From a Decade of 
Caesium-137 Internal Body Contamination 

N. S. MacDonald, I. Ban, A. Flesher and M. Hackendorf 

This report presents the results of 1052 measurements of the 137Cs 

burden in 454 persons during the decade 1960-69. These individuals, 

men and women, were all over 20 years old and lived in or near Los 

Angeles , California. The quantitative measurements of 137Cs , together 

with naturally-occurring potassium-40, were made by analyses of the 

gamma spectra obtained with a "total body counter" consisting of f o u r  

sodium iodide crystal scintillation detectors in a steel-lined room, 

and a multichannel pulse height analysis system. 

technique (v = % 4% for 40K and f 109. for 13'Cs) agreed closely with 

The accuracy of the 

the accuracies reported for 15 other "body counters" during a nation- 

wide interlaboratory comparison. The trend of individual values, ex- 

pressed as picocuries of 137Cs per gram of potassium (Ci x 10 -12 /gm K) 

over the ten year span showed an easily discernible peak of bodily con- 

tamination during 1964-65 occurred about 12-15 months after the cessation 

of detonations of nuclear devices in the atmosphere by the USA and 

USSR. The highest mean value observed for  men was llS* pCi/grn K during 
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t h e  t h i r d  qua r t e r  of  1964. Subsequent nuc lear  t e s t i n g  programs con- 

ducted i n  the  atmosphere by Great B r i t a i n ,  France and China have not  

r eve r sed  t h e  downward t rend  s i n c e  1965, bu t  have s i g n i f i c a n t l y  slowed 

t h e  ra te  of dec rease ,  p a r t i c u l a r l y  i n  1968-69. This  e f f e c t  of  r ecen t  

i n j e c t i o n s  of 137Cs i n t o  t h e  environment w a s  seen c l e a r l y  i n  t h e  f l a t -  

t en ing  of t he  curves a f t e r  l a t e  1967 i n  c h a r t s  which presented  the  mean 

va lues  of  137Cs/gm K f o r  men and f o r  women, t abu la t ed  by q u a r t e r l y  

pe r iods .  I n  f a c t ,  i f  t h e  q u a r t e r l y  mean va lues  were r e p l o t t e d  on s e m i -  

l oga r i thmic  graph paper ,  t he  poin ts  from mid 1965 through 1967 could be 

descr ibed  q u i t e  we l l  by a s i n g l e  d e c l i n i n g  exponent ia l  f u n c t i o n ,  w i th  

a s l o p e  corresponding t o  a "half-time' '  of about 17 months. 

1968, however, the  d e c l i n e  i n  body burdens departed from t h i s  exponent ia l  

_ _  ~ Since  e a r l y  

ra te  and, indeed,  

t h e  same l e v e l  as 

137Cs observed i n  

va lues  of  137Cs/gm K f o r  ' ea r ly  1970 remained a t  about 

i n  1969. 

men, compared with women, has  prev ious ly  been r epor t ed  

The c o n s i s t e n t l y  h igher  concen t r a t ions  of 

by a number of o t h e r  i n v e s t i g a t o r s .  The r epor t ed  concen t r a t ions  of 

137Cs i n  7 day, pooled,  r egu la r  d i e t s  obtained bimonthly from a l o c a l  

h o s p i t a l  were a l s o  c o l l e c t e d  f o r  comparison. The 137Cs/K r a t i o s  i n  

people were about 3 t imes g r e a t e r  than t h e  r a t i o  in t hese  d i e t a r y  sam- 

p l e s .  Whether o r  no t  they t r u l y  represented  the  d i e t s  of  t he  persons 

we measured i s ,  of course ,  unproven, b u t  the  f ind ing  agreed wi th  the  
1- 

t h r e e f o l d  d i f f e r e n c e  i n  13'Cs/K r a t i o  r epor t ed  f o r  people and t h e i r  
:ion 

d i e t s  by Gustafson. It is i n t e r e s t i n g  t h a t  t he  p l o t s  of  t h e  137Cs body 

burdens i n  each of 8 ind iv idua l s  measured p e r i o d i c a l l y  over  a span of 

4 
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6-10 years  had e s s e n t i a l l y  the  same shape and s a l i e n t  f e a t u r e s  as the  

curves of q u a r t e r l y  mean va lues  f o r  t h e  popula t ion .  

What has been the  r a d i a t i o n  dose s u s t a i n e d  by members of  t h i s  par -  

t i c u l a r  popula t ion  as a r e s u l t  of t he  cont inued presence o f  137Cs i n  

t h e i r  bodies dur ing  the  l a s t  t e n  years?  A reasonable  e s t ima te  can be 

had by c a l c u l a t i n g  t h e  absorbed r a d i a t i o n  dose t o  an h y p o t h e t i c a l  

"standard man" whose body burden of  137Cs f l u c t u a t e d  according t o  the  

curve €or q u a r t e r l y  mean va lues  f o r  males.  

w i t h  a potassium con ten t  of 135 g w a s  assumed. 

A t o t a l  body mass of 70 kg 

The concept  of "absorbed 

f r a c t i o n "  introduced by E l l e t t ,  Cal lahan and Brownell and developed i n  

d e t a i l  f o r  t a r g e t  body organs i n  t h e  MIRD pamphlets w a s  used 

wi th  t h e  equ i l ib r ium absorbed dose cons t an t s  f o r  137Cs and 40K. The 

toge ther  

137 t o t a l  body concen t r a t ion  o f  Cs, i n t e g r a t e d  over  t h e  ten-year  per iod ,  

w a s  obtained by planimeter  measurement of t h e . a r e a  under the  mean curve 

f o r  males. The c a l c u l a t e d  absorbed doses t o  t o t a l  body, t o  marrow, and 

t o  the gonads were between 8 and 10 m i l l i r a d s  f o r  t h e  10 year  per iod .  

These va lues  inc lude  the  doses d e l i v e r e d  by a l l  b e t a  p a r t i c l e s ,  primary 

photons,  convers ion  e l e c t r o n s  and X-rays a t t e n d i n g  t h e  d i s i n t e g r a t i o n  

of 137Cs n u c l e i .  

t o t a l  dose d e l i v e r e d  s imultaneously by t h e  n a t u r a l  40K c o n t i n u a l l y  

To p lace  t h i s  r a d i a t i o n  dosage i n  pe r spec t ive ,  the  

present  i n  the  body, c a l c u l a t e d , b y  t h e  same method, came t o  156 m a d .  

Now, i n  our popula t ion  sample, no s i n g l e  i n d i v i d u a l  eve r  had a 137C9 

bu rden 'g rea t e r  than  twice the  q u a r t e r l y  mean v a l u e ,  from which we i n f e r  

t h a t  very few persons i n  the  area rece ived  as much as 20 m a d  i n t e r n a l  

dose from 137Cs. We conclude t h a t  t he  average dose a t t r i b u t a b l e  t o  
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13'Cs i n t e r n a l  Contamination was about 10 mrad, o r  about 6% of the  r a d i -  

a t i o n  rece ived  from t h e  body potassium. 

Nations S c i e n t i f i c  Committee e s t ima te  of  t he  long t e r m  137Cs commitment, 

This  is c l o s e  t o  t h e  United 

which amounted t o  15 mrad absorbed dose t o  worldwide popula t ions  as a 

consequence of nuc lea r  explos ions  c a r r i e d  o u t  through 1965. 

t h e  major p a r t  of t h i s  dose commitment has  now been d e l i v e r e d ,  137Cs w i l l  

Although 

e be wi th  u s ,  l i t e r a l l y ,  f o r  many years  t o  come. Programs t o  monitor i t  

kg must the.refore  cont inue  I 

rbed 

i n  
In te r im Report 

e r  _- - Altered  Immunoglobulin Metabolism i n  Systemic Lupus Erythematosus aad 
Rheumatoid A r t h r i t i s  

J. Levy3 E . V .  Barnet@, N.S. MacDonald, and J . R .  Klineberg" 
d , 

Immune g l o b u l i n  G and immune g lobu l in  M metabolism w a s  eva lua ted  i n  
rve 

md 
10 p a t i e n t s  w i th  systemic lupus erythematosus (SLE), 10 p a t i e n t s  with 

rheumatoid a r t h r i t i s  (RA), and i n  seven normal v o l u n t e e r s .  The b i o l o g i c a l  

h a l f - l i v e s  of p u r i f i e d  IgG and IgM, labe led  wi th  13'1 and lZ51, respec  - 
1rY 

1 
t i v e l y ,  were determined by s e r i a l  measurements of  r a d i o a c t i v i t y  i n  . the 

blood and u r i n e  wi th  a gamma wel l  coun te r ,  and by ser ia l  counts  of t o t a l  

body r a d i o a c t i v i t y  i n  a t o t a l  body count ing chamber. 

The mean s u r v i v a l  h a l f - l i f e  fo r  IgG i n  p a t i e n t s  wi th  SLE was 8.2 

days as compared t o  an  average of 18 days i n  normal c o n t r o l s .  An aver- 

age of lO.I.9, of  t o t a l  body IgG was  ca t abo l i zed  d a i l y  compared to  a mean 
e r  

1 * Department of Medicine 
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of  3.9% i n  normal c o n t r o l s .  Turnover of IgM i n  p a t i e n t s  w i th  SLE was, 

wi th  very few except ions ,  normal. 

a r t h r i t i s  revea led  a milder  abnormality of IgG metabolism, b u t  markedly 

abnormal IgM ca tabol i sm with a mean h a l f - l i f e  averaging 5.9 days as com- 

pared t o  9.3 days i n  c o n t r o l  s u b j e c t s .  

I n  c o n t r a s t ,  p a t i e n t s  w i th  rheumatoid 

An average of  14.2% of t o t a l  body 

IgM was ca t abo l i zed  d a i l y  i n  p a t i e n t s  wi th  Rh as compared t o  8.1% i n  

normal c o n t r o l s .  

Our d a t a  suggest  t h a t  t h e r e  are b a s i c  d i f f e r e n c e s  between p a t i e n t s  

w i t h  RA and SLE i n  t h e  s y n t h e s i s  and ca tabol i sm of IgG and IgM no t  

r e a d i l y  apparent  from a s i n g l e  measurement of serum IgG and IgM concen- 

t r a t i o n .  

immunological mechanisms i n  these  d i s e a s e s .  Immunoglobulin turnover  

s t u d i e s  appea r  t o  be an a d d i t i o n a l  means f o r  t h e  c h a r a c t e r i z a t i o n  of 

rheumatic  d i s e a s e s .  

Abnormal IgG and IgM metabolism may be r e l a t e d  t o  underlying 

Reference: J .  of  C l i n .  Xnvest. 49:708-715, (1970) 

Biomedical Cyclotron F a c i l i t y  

N.S. MacDonald and Benedict  Cassen 

During f i s c a l  year  1970 the  cons t ruc t ion  documents f o r  t h e  small ,  

one story bu i ld ing  to house the  cyc lo t ron  were drawn u p r  approved, sub-  

m i t t e d  t o  b i d d e r s ,  and a coAtract  awarded. Funds f o r  t h i s  s t r u c t u r e  a r e  

being provided by t h e  Un ive r s i ty  of C a l i f o r n i a  Regents,  and the  UCLA 

School of  Medicine,  Department of  Radiology. Cons t ruc t ion  began May 4, 

1970, and. should be completed by the  end of October ,  1970. Purchase o f  
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t h e  a c c e l e r a t o r  i t s e l f  and annual ope ra t ing  c o s t s  are covered wi th  funds 

provided by the  Div is ion  of Biology and Medicine of  t he  AEC. 

Cyclo t ron  Corporat ion (Berkeley,  Ca l i fo rn ia )  w a s  the  s u c c e s s f u l  b idder  

The 

f o r  c o n s t r u c t i n g  the  a c c e l e r a t o r .  It is  a model CS-22, compact AVF, 

f i x e d  frequency cyc lo t ron ,  capable  o f  providing 22 MeV p ro tons ,  11 MeV 

. .deu terons  and 29 M e V  helium-3 beams, w i t h ' e x t e r n a l  t a r g e t  beam c u r r e n t s  

i n  the  neighborhood of 50 microamps. 

ready f o r  shipment i n  J u l y  1970. 

The machine w i l l  be completed and 

We hope t o  take  d e l i v e r y  and move t h e  

machine i n t o  the  msssive conc re t e  v a u l t  during August, be fo re  t h e  r e s t  of 

t h e  b u i l d i n g  i s  complete.  

Planning and a c q u i s i t i o n  of  a n c i l l a r y  equipment f o r  o p e r a t i o n  of 

t h e  f a c i l i t y  was w e l l  under way. For example, t h e  systems f o r  e l e c t r o -  

mechanical s a f e t y  i n t e r l o c k s  and f o r  r a d i o l o g i c a l  . s a f e t y  monitor ing were 

designed and are being assembled. .  Th i s  included a mechanical device  f o r  

t r a n s p o r t i n g  s o l i d - t a r g e t  ho lde r s  from t h e  cyc lo t ron  v a u l t  i n t o  t h e  ho t  

l a b  by remote c o n t r o l .  

In t e r im  Report  

Radioac t ive  Diagnos t ic  Agent Development 

N.S. MacDonald, G . V .  T a p l i n ,  M. Hackendorf, and L. Griswold 

E f f o r t s  t o  improve the  ease,  e f f i c i e n c y  and r e l i a b i l i t y  of l a b e l i n g  

human serum .albumin wi th  Technetium-99m for preparing r a d i o a c t i v e  agents  LI-, 

9 f o r  organ scanning procedures were cont inued.  A compact, completely - 
c losed  and lend sh ie lded  system for conducting t h e  l a b e l i n g  ope ra t ions  a 

0 
.=j. 
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with  pH c o n t r o l  under s t e r i l e  condi t ions  was developed and is  undergoing 

" f i e l d - t e s t i n g "  f o r  r o u t i n e  use a t  Harbor General H o s p i t a l .  

and Teflon system f o r  e x t r a c t i n g  r a d i o a c t i v e  Tc-99m pe r t echne ta t e  from 

a l k a l i n e  s o l u t i o n  of i t s  parent  Molybdenum-99 wi th  methyl e t h y l  ketone 

An Al l -g l a s s  

w a s  devised and i s  undergoing t e s t s .  The appara tus  minimizes 

handl ing by r a p i d  evapora t ion  of  the  organic  s o l v e n t ,  permi ts  

manual 

fiiaking up 

s a l i n e  s o l u t i o n s  of very  h igh  a c t i v i t y  per  u n i t  volume needed f o r  ' 'bolus- 

type'' i n j e c t i o n s .  

Experimental  d a t a  on the c h a r a c t e r i s t i c  d i s t r i b u t i o n  i n  t i s s u e s  and 

organs of  s e v e r a l  r a d i o a c t i v e  pharmaceut ical  agents  i n  r a b b i t s  and rodents  

were ob ta ined .  This  in format ion  w a s  needed t o  suppor t  a p p l i c a t i o n s  f o r  

S t a t e  l i c e n s i n g  of tSese agen t s  f o r  humac usage on an " inves t iga t ive  new 

drug" b a s i s  a t  Harbor Hosp i t a l .  

and Technetium-99m wi th  e thylene  diamine t e t r a  acet ic  a c i d  (EDTA) p r i m a r -  

They included EDTA c h e l a t e s  of  Indium-111 

i l y  f o r  r a p i d  s e q u e n t i a l  scanning of kidneys; In-111 c h l o r i d e  and In-111 

albumin complex f o r  blood pool  scanning;  and Flourine-18 as c a r r i e r  f ree  

f l u o r i d e  f o r  bone scanning.  

In t e r im  Report  
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Fluor ine  -18 f o r  Bone Scanning 

L. R. Bennet t ,  e t  a l .  

Research i n  t h i s  p r o j e c t  i s  centered  around s e v e r a l  i so topes  and 

s e v e r a l  forms of t h e s e  i so topes .  Continuing eva lua t ion  of F-18 is  pro-  

g r e s s i n g ,  i n d i c a t i n g  t h a t  i t  has very good p o t e n t i a l  f o r  demonstration of 

m e t a s t a t i c  bone d i s e a s e .  The very  g r e a t  advantages of being a b l e  t o  pe r -  

form t h e  s tudy s h o r t l y  a f t e r  i n j e c t i o n  of  t h e  t r a c e r  and wi th  speed r ap id  

enough t o  inc lude  l a r g e  areas o f  t he  bodyrare  very  encouraging. It 

appears  t h a t  t h e  use  of F-18 on a r o u t i n e  c l i n i c a l  b a s i s  f o r  bone scanning 

is  soon t o  become common p r a c t i c e .  

In t e r im  Report 

Galium-67 f o r  Tumor Loca l i za t ion  

L. R. Bennet t ,  R.  C.  Small ,  e t  a l .  

I n v e s t i g a t i o n  of  Ga-67 c i t r a t e  based upon the  work r epor t ed  by 

Edwards and Hayes of the Medical Div is ion  of  Oak Ridge a s soc ia t ed  univer -  

s i t i e s  is i n  p rogres s .  This  material shows uptake i n  c e r t a i n  types of 

mal ignancies ,  ' e s p e c i a l l y  Hodgkin's d i s e a s e ,  some epi the l iomas ,  and some 

adenocarcinomas. P a t i e n t s  having known d i s e a s e  which is being eva lua ted  

as t o  i t s  e x t e n t  a r e  being s tud ied  wi th  t h e  use  of Ga-67. So f a r  r e s u l t s  

are h igh ly  sugges t ive  t h a t  c e r t a i n  tumors do show dramatic  uptake of t h i s  

rad  io tr acer.. 

In te r im Report 
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Demonstration of Vascu la r i ty  o f  t h e  Femoral Head 

M. M. Webber and M. D. Cragin 

Continuing s tudy  of the  v a s c u l a r i t y  of  t h e  femoral head is underway, 

w i th  e f f o r t  du r ing  t h i s  l a s t  year  t o  eva lua te  v a r i a t i o n s  of  t he  normal 

v a s c u l a r i t y  of  the  femoral head as shown by uptake of  phagocytes w i t h i n  

the  bone marrow of t h e  femoral head. 

technique is t o  demonstrate  a v a s c u l a r i t y  of  t h e  femoral head fo l lowing  

f r a c t u r e s  and o t h e r  pathology,  i n  o rde r  t o  determine whether o r  n o t  hea l -  

i n g  can be expected.  

and Technetium-labeled p a r t i c l e s  of s u l f u r  f o r  demonstrat ion o f  bone 

marrow phagocyt ic  a c t i v i t y  can be c a r r i e d  o u t .  

formation of g r e a t  prognos t ic  s i g n i f i c a n c e  might be obta ined .  

The u l t i m a t e  a p p l i c a b i l i t y  o'f t h i s  

It is  hoped t h a t  a conjoined s tudy us ing  both  F-18 

It would appear t h a t  i n -  

I n t e r i m  Report  

Demonstration of C l o t s  Within Veins 

M. M. Webber and W. K. Victery  

Continuing s t u d i e s  of  c l o t  l o c a l i z a t i o n  have been c a r r i e d  on wi th  

special emphasis on development of an & v i t r o  system t o  demonstrate  t he  

a f f i n i t y  of  v a r i o u s  r a d i o t r a c e r  agents  f o r  c l o t s  i n  v i t r o  and e v a l u a t i o n  

of  t h e s e  systems as t o  whether they have a t r u e  r e l a t i o n s h i p  t o  what 

happens i n  v ivo .  Numerous microscopic s t u d i e s  have been done i n  a d d i t i o n ,  

documenting the  f a c t  t h a t  p a r t i c l e s  of  albumin a t t a c h  themselves t o  c l o t s  

formed in v i t r o .  
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Cerebral Blood Flow Studies 

M. M. Webber, et al. 

Evaluation of flow of bolus injections of pertechnetate prior to 

brain scanning procedures was done on a routine basis over a several 

month period, in an effort to determine whether or not such flow studies 

demonstrating the initial entrance of radioisotope into the vascular 

system of the brain would lead to significant improvements in our diag- 

mstic abilities. 

appears that only in exceptional cases is there additional information 

n 

is 

Although this study has not yet been completed, it 

3- 

te 

$n 

on 

ts 

gained from such studies. 

information gained may be valuable. 

In the case of vascular tumors or strokes 
_ _  - 

Interim Report 

Radioautography of Human Brain Tumor Cells 

J. C. Kennady and M. K i m  

Radioautography of human brain tumor cells cultured in the laboratory 

has been carried out with 99m Technetium pertechnetate in an effort to 

determine whether the tumor cells, per se ,  show an uptake of the isotope. 

This agent, commonly used in brain scanning, accumulates in the tumor 

region thus creating the brain:tumor ratio. 

for this ratio has never been elucidated. 

The mechanism responsible 

Autoradiographs have been made from surgically excised brain tumor * 
grown in culture: 

neurofibroma ( 3 ) .  The cultures contain both tumor cells (astrocytes, etc.) 

and brain stroma cells (mesenchymal cells, microphages, macrophages, 

glioblastoma ( 3 ) ,  meningioma ( S ) ,  ependymoma (8 ) ,  and 
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f i b r o l a s t s ) .  

b e s t  ob ta ined  from those  c u l t u r e s  which have been growing i n  the  labora-  

To d a t e ,  our  r e s u l t s  i n d i c a t e  t h a t  autoradiographs are 

t o r y  not  longer  than 15 days.  

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

Also ,  b r a i n  stroma cel ls  show a high 

which may be microphages. These r e s u l t s  r a i s e  the  ques t ion  as t o  whether 

t h e  suppor t ive  stroma o f  t h e  tumor p l ays  an a c t i v e ' r o l e  i n  t h e  b r a i n  scan 

p i c t u r e .  

Reference: J. of  C l in .  R e s .  - 18:45, Jan. 1970 

Dynamic Assessment i n  D i f f e r e n t i a l  Diapnosis of  Bra in  Lesions 

J. C .  Kennady, R. Cole,  M. Hayes 

I n  our f i r s t  100 p a t i e n t s  w i t h  c l i n i c a l  evidence of i n t r a c r a n i a l  

pathology s tud ied  by c a r o t i d  angiography, b r a i n  scanning and the  s c i n -  

t i l l a t i o n  videocamera (Ter-Pogossian type ) ,  t he  camera provided a dynamic 

assessment  of  t he  fol lowing b r a i n  l e s i o n s .  

MeninRioma v s .  Arter iovenous malformation: The r o u t i n e  99m Tc-  

p e r t e c h n e t a t e  b r a i n  scan  shows t h e  involved r eg ion  as an area of increased 

r a d i o d e n s i t y .  By v i r t u e  of  t h e  r a p i d  shunt ing of  blood away from normal 

b r a i n  t i s s u e  and d ra in ing  i n t o  en larged  v e i n s ,  t he  videocamera v i s u a l i z e s  

t h e  dynamic d i f f e r e n c e  between t h e  A-V malformation and the  meningioma. 

Avascular tumors vs .  Acute cerebrovascular  occ lus ions :  The r o u t i n e  

b r a i n  scan  shows the  former as a r eg ion  of increased  r ad iodens i ty  and the S 

l a t te r  is u s u a l l y  not  v i s u a l i z e d  dur ing  the  i n i t i a l  7-10 days.  The v ideo-  

ea camera demonstrates  both of  t h e s e  l e s i o n s  as a reas  o f  decreased vascu la r -  

i t y  and no delayed f i l l i n g  o f  t h e  avascular  tumor. 
-. ;Jc 
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Vascular tumors v s .  Chronic cerebrovascular  occ lus ions :  Variable  

reg ions  of inc reased  r ad iodens i ty  a r e  seen i n  r o u t i n e  b r a i n  scans f o r  

both l e s i o n s .  

vascu la r  tumor r e g i o n  more r a p i d l y ,  i n  h igher  concen t r a t ion  and with 

t r a n s i e n t  r e t e n t i o n  compared t o  ad jacen t  b ra in .  I n  chronic  vascu la r  

:a- 

The videocamera shows the  radiopharmaceut ical  e n t e r i n g  the  

i 

:her 

;can . occ lus ions ,  t h e  involved r eg ion  i s  d i s t ingu i shed  from normally perfused 

b r a i n  by the  prolonged r e t e n t i o n  of t h e  t e s t  agent  i n d i c a t i n g  a l o s s  of 

au to regu la t ion  i n  the  p i a l  a r t e r i e s .  

The videocamera has  the  added f e a t u r e  of measuring the  amount of  

r a d i o a c t i v i t y  i n  any two i d e n t i c a l l y  s i z e d  reg ions  of the  c e r e b r a l  hemi- 

sphere  s imul taneous ly .  

T 1 / 2  va lues  f o r  s e l e c t e d  r eg ions  of  the  b r a i n  and confirms the  v i s u a l  

-_ - 
Hence, semilog p l o t t i n g  of t h i s  a c t i v i t y  provides 

n ic  

impression obta ined  from the  v ideotape .  

In t e r im  Report 

Comparative Assessment of Cerebrovascular  Disease by Angiography, 
Scanninz and Image I n t e n s i f i e r  Csmera 

ised J .  C .  Kennady, B .  J. M i l l e r ,  \?. B. Anderson and M. Hayes 

1 1  

:es 

I n  100 p a t i e n t s  wi th  c l i n i c a l  evidence of i n t r a c r a n i a l  pathology 

s tud ied  by c a r o t i d  angiography, b r a i n  scanning and the  image i n t e n s i f i e r  

videocamera, 34 had cerebrovascular  d i s e a s e .  Brain scanning was  performed 

,e w i th  t h e  10-probe scanner ;  se r ia l  angiography was followed by the  camera 

he * s t u d i e s  us ing  the  same indwell ing i n t e r n a l  c a r o t i d  c a t h e t e r .  

2 0  - 
K -  

The v i d e o q u a n t i f i e r  is i n i t i a l l y  c a l i b r a t e d  using a 90 m C i  "Co 

s t anda rd  source  placed f l u s h  t o  t h e  3-mm-hole co l l ima to r  i n  a 1.5 c m  2 
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f i e l d  i s  3 mm and can d e l i n e a t e  c o i l s  of t ub ing  (1.5 mm d i a )  spaced 5 mm 

a p a r t  through which a 99mTc04- s o l u t i o n  i s  f lowing.  The videocamera 

s e n s i t i v i t y  s t u d i e s  show a l i n e a r  incremental  dose response i n  the  s e n s i -  

Phantom s t u d i e s  show t h a t  the  videocamera r e s o l u t i o n  of a s t a t i c  

i 

t i v i t y  range used i n  these  p a t i e n t s .  

microaggregates  ( " ~ c - A A ) ,  1-8 microns i n  s i z e ,  a r e  used pr imar i ly  be-  

Technetium-99m-labeled albumin 

cause the  m a t e r i a l  i s  a nondi f fus ing  i n t r a v a s c u l a r  tes t  agent  with an 

opt imal  energy range f o r  the  videocamera. 

Five p a t i e n t s  had acute  vascu la r  d i s e a s e  wi th  neu ro log ica l  symptoms 

ranging  from 12 h r  t o  7 days and angiographic  evidence of a n t e r i o r  o r  

middle c e r e b r a l  a r t e r y  t runk  o r  branch occ lus ions .  

pe r t echne ta t e  b r a i n  scans  were wi th in  normal l i m i t s .  The occluded reg ions  

had a decreased 99?c-AA concen t r a t ion  i n  c o n t r a s t  t o  ad jacen t  b r a i n  

a reas  i n  the  v ideopolaro id  p i c t u r e s .  The ra te  removal curves  from these  

The r o u t i n e  ''?c- 

a reas  showed a 0 .5-1.5-sec de lay  i n  the  appearance and a lower peak r a d i o -  

a c t i v i t y  of t he  t e s t  agent compared wi th  o t h e r  reg ions  of the  hemisphere. 

This would i n d i c a t e  s low c o l l a t e r a l  per fus ion  of the  microvasculature  

d i s t a l  t o  the  occ lus ion .  

Twenty-five p a t i e n t s  presented a h i s t o r y  of cerebrovascular  d i sease  

of  s e v e r a l  months t o  4 years  du ra t ion .  These p a t i e n t s  had d e f i n i t e  an- 

t e r i o r  or  middle c e r e b r a l  a r t e r y  t runk o r  probable  d i s t a l  branch involve-  

ment by angiography. The r o u t i n e  bqain scans  showed a r eg ion  of v a r i a b l e  
c 

increased  r ad iodens i ty  i n  the  ma jo r i ty  of the  p a t i e n t s .  The videocamera 

s t u d i e s  showed c l e a r l y  de l inea ted  reg ions  of increased  99?l?c -AA concent ra t ion  
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i n  t h e  a reas  ind ica t ed  by the  neuro logica l  d e f i c i t .  

of  t hese  reg ions  demonstrated an e a r l i e r  appearance,  higher  peak a c t i v i t y  

and de lay  i n  the  disappearance (T 

e lsewhere i n  the  hemisphere. These r e s u l t s  would i n d i c a t e  an inc rease  i n  

the  microvascula ture ,  poss ib l e  loss of au to regu la t ion  and a de lay  i n  the  

c a p i l l a r y  venous dra inage  from the  involved r eg ions .  

Rate removal curves 

2.2-4.4 sec )  of 99?c-AA than  observed 
112 

Four p a t i e n t s  had A-V malformations t h a t  were w e l l  ou t l i ned  by angio-  

graphy. The r o u t i n e  b r a i n  scans were p o s i t i v e  i n  t h r e e  and equivocal  i n  

one c l o s e  to t h e  midl ine  ve r t ex .  

r a d i o a c t i v i t y  and disappearance (T 

r eg ion  of the  malformations was seen and q u a n t i f i e d .  

The very  r a p i d  appearance,  high-peak 

0.8-1.2 sec )  of 99mTc-AA i n  the  
_ _  - 1/2 

I n  conclus ion ,  t he  image i n t e n s i f i e r  camera p re sen t s  a dynamic assess- 

ment of the  macro- and micro-vasculature  wi th in  and surrounding cerebro-  

vascu la r  abnorma l i t i e s .  

Reference: J .  of Nuc. Med. c 11:333 N o .  6 ,  June 1970 
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