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The scintillation tamer$ (1,2) is a nonscanning instrument 

for displaying the distribution of radioactive isotopcs. It 

can be used, for example, to show abnormalities in the thyroid 

gland with 1-131, the size, shape and location of kidneys with 

Hg-203 Neohydrin, or to locate brain tumors either with Hg-203 

Neohydrin or with the new positron emitting agent, Ga-68 EDTA ( 3 ) .  

For many applications, the scintillation camera has hiqher sen- 

sitivity than conventional isotope scanners, and will produce 

pictures in less time or with a smaller quantity of isotope 

present. Alternatively, it produces better pictures if the 

conventional dosage and exposure factors are retained. 

Because of the short exposure time, and because the scintilla- 

tion camera is continuously sensitive to all areas within its 

field of view, it is well adapted to taking rapid sequences of 

s t i l l  pictures or time-lapse motion pictures of subjects in 

which the distribution of radioactivity is changing. For example, 

tint lapse pictures have been taken showing 1-131 Rose Bengal 

being excreted from the liver of children suepe&4-o&haWg- 
w . 7 h  [ \ d e * -  : . \ j . ,  '.('.,,;- 

and of 1-131 hippuran going through the kidneys v 
. .  
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of patients suspected of kidney disease. 

Since the scintillation camera does not scan, very short 
(3 'Ar~c1c ,e  &, -I \I 1'1, 

half-lived isotopes can be employed. Scanners are unsuitableA 

because the isotope decays during the scan. 

isotopes permit a-large amount of the isotope to be used with 

L 
Short half-lide 

1 

--L , &,,lA-,o +L,L \ L j \ - , j <  f l A r b t i > < > c  c t ~ 0 ~ i 7 - i ' ;  
@,)improvement in picture quality)-ar;d A a reduction in radiation r~- t ;vr /~  
dose. L: I- 

Principle of Operation 
3. ' 

A block diagram of the gamma ray scintillation caner$ is 

shown in Figure 1. It consists of (1) a collimator for producing 

a gamina ray image, (2) an image detector for translating the 

gamva ray image into electrical. signals, consisting of a sodium 

iodide crystal, an array of multiplier phototubes, and a signal 

\ positron scintillation camera requires additional parts as 

1 described later. 

'nv'f The collimator can be one of several kinds described in 

this paper.: The p r w . k m a t i R g  image detector has an 
b - (7,' ;A4 \\? L'. i4:, 

11 1/2-inch diameter by 1/2-inch thick sodium iodide crystal, 

- - -7 ___- - ____--- --.- _I_ . --- 
# 

- ~ - ____ - __/-- 
-- _--- - 
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an array of nineteen 3-inch diameter multiplier phototubes, and 

a signal mixing network consisting of 68 small fixed capacitors. 

The array of phototubes is purposely spaced a distance away 

from the crystal so that the phototubes view overlapping areas 

of the scintillator. When a scintillation occurs, the light 
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produced d i v i d e s  among t h e  phototubes,  w i th  t h e  c l o s e s t  photo- 

t u b e s  r ece iv ing  t h e  most l i g h t .  

go to t h e  s i g n a l  mixing network and then  t o  t h e  position-cornput- 

i ng  c i r c u i t  t h a t  produces three ou tpu t  s i g n a l s ,  

t h a t  v a r i e s  w i t h  t h e  l o c a t i o n  of t h e  s c i n t i l l a t i o n  i n  t h e  X- 

d i r e c t i o n ,  

Y-di rec t ion ,  and ( 3 )  a Z s i g n a l  t h a t  i s  p r o p o r t i o n a l  on ly  t o  

t h e  b r i g h t n e s s  of t h e  s c i n t i l l a t i o n .  

f e d  t o  t h e  X and Y a x i s  i n p u t s  of t h e  o s c i l l o s c o p e .  The Z 

s i g n a l  goes t o  a p u l s e  h e i g h t  s e l e c t o r  and then  t o  t h e  i n t e n s i t y  

i n p u t  of t h e  o s c i l l o s c o p e .  

P u l s e s  from t h e  phototubes 

(1) an X s i g n a l  

( 2 )  a Y s i g n a l  t h a t  v a r i e s  w i th  t h e  l o c a t i o n  i n  t h e  

The X and Y s i g n a l s  a r e  

When a s c i n t i l l a t i o n  occurs i n  t h e  c r y s t a l ,  t h e  o s c i l l o s c o p e  

beam i s  moved t o  a p o s i t i o n  corresponding t o  t h e  l o c a t i o n  of t h e  

s c i n t i l l a t i o n  i n  t h e  image d e t e c t o r  c r y s t a l .  Then, i f  t h e  2 . 

s i g n a l  pas ses  t h e  pulse-he ight  s e l e c t o r ,  t h e  beam i s  turned on 

momentarily, producing a p o i n t  of l i g h t  on t h e  o s c i l l o s c o p e  

screen. The f l a s h e s  i n  t h e  o s c i l l o s c o p e  sc reen  a r e  recorded by 

t ime exposure on photographic f i l m ,  and an image of t h e  p a t t e r n  

of s c i n t i l l a t i o n s  i s  produced. 

The p o s i t i o n  r e s o l u t i o n  of t h e  image d e t e c t o r  f o r  medium 

ene r sy  gamma rays  i s  such t h a t  p a r a l l e l  0.36 Mev gamma ray  

beams 1/8-inch d iameter  and 1/4 inch  a p a r t  can be r e so lved ,  A t  

lower e n e r g i e s  t h e  r e s o l u t i o n  i s  n o t  a s  good because a sma l l e r  

number of l i g h t  quanta a r e  produced pe r  s c i n t i l l a t i o n ,  and 

s t a t i s t i c a l  v a r i a t i o n s  i n  t h e  d i v i s i o n  of l i g h t  photons among 

t h e  phototubes dec rease  t h e  p o s i t i o n a l  accuracy wi th  which t h e  

s c i n t i l l a t i o n s  a r e  reproduced on t h e  osc i l l o scope .  

I 1 1 5 3 9 1  
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The use fu l  a r e a  of t h e  image d e t e c t o r  i s  9 t o  10  inches  i n  

diameter .  I n s i d e  t h i s  a r e a ,  t h e  p o s i t i o n  of s c i n t i l l a t i o n s  i s  

l i n e a r l y  represented  on t h e  osc i l l o scope .  

the f l a s h e s  pack t o g e t h e r  producing a s l i g h t  d i s t o r t i o n  of t h e  

Outside the  a r e a ,  

image a t  t h e  edge'of the f i e l d  of view. 

The photopeak count ing e f f i c i e n c y  of t h e  image d e t e c t o r  t o  

gamma rays  of d i f f e r e n t  e n e r g i e s  i s  shown i n  F igure  2 .  

curve was obta ined  by count ing s tandard  sources  of Ce-139, Hg-203, 

Ba-133, Ea-22, and Cs-137 a t  a known d i s t a n c e  from the  c r y s t a l .  

The pu l se  h e i g h t  s e l e c t o r  window was ad jus t ed  so t h a t  n e a r l y  a l l  

t h e  photopeak was accepted.  

g a m a  rays  frorn t h e  most conmonly used isotopes, 1-131 and Hg-923, 

When used wi th  e f f i c i e n t  c o l l i m a t o r s ,  t h e s e  va lues  a r e  s u f f i c i e n t l y  

h i g h  t o  g ive  an instrument  having e x c e l l e n t  o v e r a l l  s e n s i t i v i t y .  , 

Important  advantages r e s u l t  from t h e  f a c t  t h a t  t h e  image 

cietector employs a s o l i d  sodium i o d i d e  c r y s t a l  of moderate th ick-  

ness .  F i r s t ,  t h e  r e s o l u t i o n  i s  h igh .  About one thousand p i c t u r e  

e l e m e n t s  can be reso lved  i n  t h e  image d e t e c t o r  c r y s t a l .  

Th i s  

The e f f i c i e n c y  i s  21% and 34% f o r  
2 0-2 

.2 
Second, 

3zhe s o l i d  c r y s t a l  r e s u l t s  i n  images t h a t  have no mosaic p a t t e r n  

superimposed. 

un le s s  t h e  elements  a r e  very  sma l l ,  d i s t o r t s  t h e  f i n e  d e t a i l  of 

T h i s  i s  important  s i n c e  a mosaic s c i n t i l l a t o r ,  

- 
-, t h e  images. For i n s t a n c e ,  a inosiac s c i n t i l l a t o r  can g i v e  a 
cn 
w sca l loped  appearance t o  t h e  edge of a thy ro id .  Thi rd ,  t h e  l i g h t  
o f3  
QE) c o l l e c t i o n  e f f i c i e n c y  i s  h igh  and t h e  p u l s e  h e i g h t  r e s o l u t i o n  

i s  e x c e l l e n t  because of the close o p t i c a l  coupl ing  be tween  t h e  

sodium iod ide  c r y s t a l  and the bank of phototubes.  
- .  . --------- -___ _ _  - ..-. - - -  . 
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/im?ortant;advantzgc that a narrow pulse-height selector window 
c L--.---e-’ ,- .+- 

can be used, Lhus providing maximua rejection of gamiia rays LJ 
scattered by the subject and the collimator. 

due to cosinic rays and stray radioactivity is also reduced to 

The backsround 

U ’--q 
a minimun. Forth; collimators which pass garma rays at@) 

4 

5. oblique angie, such as the pinhole collimator, can be used with 
2 

miniinurn Loss of resolution. 

Inace-ProduciEq Collixators 

Three different methods of collimation may be used to 

project images of a radioactive subject on the image detector 

scintillator. 

1. Pinhoie C o l l i m t o r  This collimator usually consists of a 

single aperture through a lead shield,though collimators for 

special purposes can have more thari one aperture. Garma rays 

which enter a pinhole continue traveling in straight lines to 

form an inverted image of the subject at the plane of the 

scintiliacor. This collimator is particularly suited to sirball 

subject-s wkich can be positioned close to the apezture, 

??lr.‘, 0; 

_ .  t i  

‘t i\.L since 

subject and pinhole. 

UnGer typical conditions, the overall sensitivity with 3/16- 

inch diameter pinhole and 1/2-inch thick sodium iodide crystal 

is such that one microcurie of 1-131, 3 inches from the aperture, 

gives 120 to 200 dots per minute on the picture. 

2 to 3 times as many as a 61-holv focused collimator scanner 

This is about 

.\ ---+ 
igivewwhen used to scan a 4 x 4 inch area. 
.- 

f i 15399 
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For the thyroid gland, a special pinhole collimator employ- 

ing three apertures is now being used. The collimator is shown LA+ 

\ e.53 in Figure 1. The central pinhole projects a conventional view 

of the entire thyroid gland on the central portion of the 

scintillator. At the same time the left pinhole projects an 

enlarged oblique view of the left lobe on the left portion of 

the scintillator. The view is enlarged since the left pinhole 

is closer to the subject than the central pinhole. The right 

pinhole projects an enlarged view of the right lobe. 

three different views of the thyroid are obtained simultaneously. 

b 

Therefore, 

This arrangement provides increased chances of seeing a nodule 

in or near the thyroid because ,(1) three views are provided in 

one exposure, 

and ( 3 )  increased detail is visible in the two enlarged views. - -  
( 2 )  each lobe is viewed from two different angles, 

A diagram illustrating the operation of this collimator is 

shown in Figure 3 a. Actually three adjacent images of the 

thyroid are projected by the three pinholes. However, the image 
C,  ? k5  

detector, represented by the circle, intertqztz only one-half of 

the two side images. 

A scintiphoto of a thyroid phantom containing 6.1 microcuries 

of Mock 1-131 is shown in Figure 3 b. Two cold nodules are 

visible in the lower right lobe and the upperkart of the’:left 

lobe in the frontal view. Enlarged views of the two lobes are 

shown at either side and in each case show the cold nodules more 

- ~ -. . -c 
- -- 

,? 1-2. \ ll\ “U?:’? 

c le,:\ V‘ \\I. 
.pla-fnly-. The picture was taken in only 10 minutes. 

A 

2. Multiaperture Collimator This collimator consists of a thick 
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lead plate with about a thousand parallel holes through it. 

subject is placed as close as  possible to the collimator. 

all gama rays except those traveling nearly parallel to the 

holes are absorbed, an image of the subject results. This type 

of collimator giv&s the best combination of sensitivity and 

resolution for larger subjects such as the brain, liver and 

kidneys.. .It is also well suited to surveying the neck region G( --i ~\Vfi l~l.-  

The 

Since 

- 
cmr '1-h .) f.. ., is\.-. ,I 

sfox hot lymph nodes, substernal extensions, and pyramidal lobes, n -* - 

m? Compared to a scanner with a focused collimator, it is 

more sensitive by a factor of 3 to 10 or moreA the exact factor 

depending on the design of the collimator and the energy of the 

w h e n  u r d  for 'the aDo~;t~, r , . ~ r p a 5 < ~ , ,  

gamma ray. 

In designing a multiaperture collimator, a compromise ;;lust 

Furthermore, always be made between resolution and efficiency. 

a maximum permissable gamma ray energy must be chosen, since this, 

in combination with other factors, determines the required 

septal thickness and length. In general, multiaperture colli- 

mators are much more efficient when designed for low gamna ray 

energies, since the septa can be thin and the number of holes 

large. Formulas have been derived to determine the optimum hole 

diameter, hole length, and septal thickness necessary to make a 

collimator having maximum efficiency consistent with the desired 

resolution and maximum permissable gamma ray energy. These will 

be published in a forthcoming article. 

The parameters of two multiaperture collimators that have 
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was designed for a maximum gama ray energy of 0.36 Xev, and $Oc 
resolution at 3-inch distance equal to the conventional 37-hole 

focused collimator used for scanning. The "B" collimator was 

designed for a maximum gamma ray energy of 0.28 MeV, and resolu- 

tion at 3-inch diktance equal to the 19-hole focused collimator. 

The geometric resolution of the collimators are given 

subject-to-collimator distances of 1 and 3 inches, where the 

geometric resolution is defined as the distance between half 

maximum points in the distribution of gamma rays impinging on 

the scintillator from a point source. 

& for -thekGt \La\ 

h 

The calculated overall sensitivity in terms of the number 

of dots produced on the picture per minute per microcurie of 

Hg-203 and 1-131 is also given in Table 4 .  No allowance has 

been made for absorption of gamma rays in the subject. The 

measured values of sensitivity are somewhat higher than the 

calculated values due to septal crossover and small ancjle 

scattering within the apertures. The sensitivity e or the do 

& is largely independent of the subject-to-collimator distance 
except for the difference in tissue absorbtion. The background 

counting rate with these collimators is about 200 - 250 counts 

per minute with the usual pulse height selector window width. 

An example of a kidney scintiphoto taken with Hg-203 

Neohydrin and the "A" collimator is shown in Figure 5. The 

exposure time was 10 minutes, and it is estimated from the count- 

ing rate that the kidneys contained about 40 microcuries of Hg-203. 

In most patients both kidneys can be shown in a single exposure. 
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I n  a f e w  t hey  a r e  widely sepa ra t ed  and two exposures m u s t  be made. 

Pos i t ron  s c i n t i l l a t i o n  canera 

For p o s i t r o n  e m i t t i n g  i s o t o p e s  t h e  b e s t  combination of 

s e n s i t i v i t y  and r e s o l u t i o n  i s  obta ined  when c o l l i m a t i o n  i s  . 
d e t e c t i o n  system. N o  c o l l i -  

The s u b j e c t  i s  placed a s  

c l o s e  a s  p o s s i b l e  ---- t o  t h e  image-detector _cI_ c r y s t a l  .-..-*JFp\ 'd 7 l oca t ed  --. a 

- -- i 
d e t e c t o r  c o n s i s t i n g  of one o r  a number of s c i n t i l l a t l o n  c o u n t e r s )  ' 5 ,  

( d l s t z e  away on t h e  oppos i t e  s ide  of t h e  subject.!= A f o c a l  

Wnen a p o s i t r o n  i s  a n n i h i l a t e d ,  two 0.51 Mev ganna r ays  a r e  

produced t h a t  t r a v e l  i n  o2pos i t e  d i r e c t i o n s .  When one h i t s  a 

counter  i n  the f o c a l  d e t e c t o r ,  t h e  o t h e r  h i t s  t h e  image d e t e c t o r  

w i t h i n  a l i n i t e d  a r e a .  A coincidence c i r c u i t  d e t e c t s  t h e s e  

simultaneous even t s  and a l lows  t h e  s c i n t i l l a t i o n  i n  t h e  image 

P d e t e c t o r  t o  be d i sp layed  on t h e  o s c i l l o s c o p e .  

Thus t h e  f o c a l  d e t e c t o r  and coincidence c i r c u i t  s e l e c t ,  \ 
from t h e  many s c i n t i l l a t i o n s  occurr ing  i n  t h e  image d e t e c t o r ,  

t hose  t h a t  form an image of the d i s t r i b u t i o n  of a c t i v i t y  i n  -- -..-, 
All o t h e r  s c i n t i l l a t i o n s  i n  t h e  image detector-") 

Pt 

he f o c a l  d e t e c t o r  i s  a p o i n t  of focus f o r  a l l  
---- r 7 . - - . - - . " r u * . . . .  . .-., .. & 

t h e  gamma-ray p a i r s  t h a t  form t h e  image. 

N i n e t e e n  s c i n t i l l a t i o n  coun te r s  a r e  employed i n  t h e  p r e s e n t l y  
c ia u* I\+ Lr- 

- A -  used  f o c a l  d e t e c t o r ,  r a t h e r  than  a s i n g l e  l a r g e  - 
i n  o r d e r  to o b t a i n  bet ter  s e n s i t i v i t y  and 

r e s o l u t i o n ,  p a r t i c u l a r l y  f o r  t h i c k  subjects.  With t h i s  arrange-  

m e n t ,  it is p o s s i b l e  t o  bring a plane  deep w i t h i n  t h e  subject  

I I 7 5 4 0 3  
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i n t o  s h a r p e s t  focus .  The method works a s  fo l lows .  m e n  gaxna 

r ays  a r e  d e t e c t e d  by t h e  c e n t r a l  counter  of t h e  f o c a l  d e t e c t o r ,  

t h e  co inc iden t  s c i n t i l l a t i o n s  i n  t h e  image d e t e c t o r  a r e  shown 

on the  o s c i l l o s c o p e  wi thout  change of l o c a t i o n .  However, when 

garrma r a y s  a r e  d e t e c t e d  by any of t h e  o t h e r  coun te r s ,  a c o r r e c t i o n  

s i g n a l  i s  s e n t  from t h e  f o c a l  d e t e c t o r  t o  t h e  image computer t h a t  

changes t h e  p o s i t i o n  of t h e  f l a s h  on t h e  o s c i l l o s c o p e .  The 

d i r e c t i o n  and an21i tude of t h e  c o r r e c t i o n  s i g n a l s  a r e  such t h a t  

a p o i n t  source l o c a t e d  below t h e  image d e t e c t o r  i s  irnased a s  

a p o i n t  source on t h e  o s c i l l o s c o p e ,  even though i t  i s  imaged 

a t  a d i f f e r e n t  place on t h e  i z a g e  de tec tor  by each of the 19 

eaunters, The eoruec t ien  is e x a c t  r"sr stsly o m  plane  so t h e r e  

i s  a "p lane  of b e s t  focus"  between t h e  image d e t e c t o r  and f o c a l  

d e t e c t o r .  

The l o c a t i o n  of t h e  p lane  of b e s t  focus can be v a r i e d  

e l e c t r o n i c a l l y  by t h e  f o c a l  p l ane  s e l e c t o r ,  an a t t e n u a t o r  t h a t  

v a r i e s  t h e  s t r e n g t h  of t h e  c o r r e c t i o n  s i g n a l s .  Although t h e  

p a r t s  of t h e  subject l y i n g  on t h e  p l ane  of best focus  a r e  

c l e a r e s t ,  t h e  depth  of focus  i s  such t h a t  o t h e r  p l anes  n o t  t o o  

f a r  away a r e  s t i l l  i n  f a i r l y  good focus .  For i n s t a n c e ,  s t u d i e s  

w i t h  a phantom r e p r e s e n t i n g  t h e  head have shown t h a t  small  "tumors" 

2 1/2-inches above o r  below t h e  p l ane  of best focus  a r e  s t i l l  

v i s i b l e  (4). On t h e  o t h e r  hand, i f  a shallow depth  of f i e l d  

i s  d e s i r e d  t o  g i v e  r e s u l t s  s i m i l a r  to X-ray tomography, it 

can be obta ined  by moving t h e  f o c a l  d e t e c t o r  ve ry  c l o s e  t o  t h e  

image de te ,c tor .  

The s e n s i t i v i t y  of t h e  p o s i t r o n  s c i n t i l l a t i o n  camera under 

1 1 7 5 4 0 4  
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ty ;? ica l  cond i t ions  w i t h  24-inch d i s t a n c e  between t h e  d e t e c t o r s  

and a 1/2-inch t h i c k  image-detector c r y s t a l  i s  such t h a t  one 

microcur ie  of Gallium-68 i n  a i r  g i v e s  1500-1800 Zots  per  m i n u t e  

on t h e  p i c t u r e .  The r a t e  i s  reduced t o  about  500 d o t s  pe r  

m i n u t e  p e r  m i c r o c k i e  when t i s s u e  absorp t ion  i n  t h e  head i s  

inc luded .  
e 

T h i s  i s  h ighe r  by a f a c t o r  of 20 than a 19-holJ 

focused c o l l i m a t o r  used w i t h  Hg-203 f o r  b r a i n  scanning. A t  t h e  

same t ime,  e x c e l l e n t  r e s o l u t i o n  i s  ob ta ined ,  p a r c i c u l a r l y  on 

t h e  plane of best focus .  The background r a t e  @%o p o s i t r o n  

e m i t t e r  @ & t w e e n  t h e  d e t e c t o r  ,is only a few counts  per  hour .  

T h i s  i s  due t o  t h e  s h o r t  (0 .5  microsecond) coincidence g a t e  and 

b.) i., ',) .. 

t h e  narrow pulse h e i g h t  selector winciows. 

A p r a c t i c a l  l i m i t a t i o n  of t h e  p o s i t r o n  s c i n t i l l a t i o n  camera 

should be po in ted  ou t .  Since t h e r e  i s  no c o l l i m a t o r  between 

t h e  s u b j e c t  and t h e  image d e t e c t o r ,  r e l a t i v e l y  small  amounts of 

a c t i v i t y  i n  t h e  s u b j e c t  can produce very high count ing r a t e s  

i n  t h e  e l e c t r o n i c  c i r c u i t s .  The ope ra t ion  of t h e  p o s i t r o n  

camera r e q u i r e s  t h a t  each s c i n t i l l a t i o n  m u s t  be handled s e p a r a t e l y .  

I f  t hey  come i n  a t  t o o  h igh  a r a t e ,  t hey  begin t o  ove r l ap  i n  

t i m e  causing misplacement of t h e  f l a s h e s  on t h e  o s c i l l o s c o p e  and 

b l u r r i n g  of t h e  p i c t u r e .  

t o  i n d i c a t e  t h e  g r o s s  count ing ra te  i n  t h e  image d e t e c t o r ,  and 

a t  t h e  p r e s e n t  t i m e  r a t e s  i n  excess  of 3-  per  second a r e  

avoided. This  r a t e  is a t t a i n e d  when about  30 microcur ies  of p o s i t r o n  

Therefore ,  a count r a t e  meter i s  used 

150,  OCD 

emitter i s  l o c a t e d  a few inches  from t h e  image d e t e c t o r .  I t  

is expected t h a t  improvements i n  t h e  e l e c t r o n i c  c i r c u i t s  may.' 
I 

I f 75405 
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soon i n c r e a s e  t h e  maximam p e m i s s a b l e  count ing r a t e .  

t h e  p r e s e n t  r a t e  i s  adequate f o r  many purposes ,  a s  shown i n  

However, 

t h e  f i r s t  exarnple which fo l lows .  

Examples of p o s i t r o n  s c i n t i p h o t o s  a r e  shown i n  F igure  6 and 
1 <\+ CY-3 \ ) 

view of a p a t i e n t s  head showing a 7 .  The f i r s t  i s  a e- 

l a r g e  b r a i n  turnor i n  t h e  ccz==&, a r e a .  The agenL u s e d  was 250 

microcur ies  of s h o r t - h a l f - l i y e  Ga-GF! EDTA ob t s ined  f r o =  a 

p o s i t r o n  cow. The technique has  been r epor t ed  r e c e n t l y  ( 3 ) .  

The small s p o t s  a t  e--=--~-'-+ of che p i c t u r e s  a r e  Ge-66 marker 

\ 
(9  Iiob\aL?cro({j ;r,,,+,i0,\ 

4 -.I 

t \ ? L  t;o*!,,y,, . -  

was 10  minutes ,  and .the p a t i e n t  rece ived  only 7 n i l l i r a d s  whole- 

body dose a-d l a s s  than  5 2  x i ~ 1 j . r ~ ~ ~  to t he  kidneys.  

The second example shows t h e  functionincj bone narrow i n  

t h e  p e l v i c  a r e a  of a r a b b i t .  About 6 microcur ies  of 8-hour 

Fe-52 was given and 5 hours  l a t e r  t h e  a n i z a l  was exsangainated,  

per fused  wi th  s a l i n e ,  and e v i s c e r a t e d .  Tie exposure time w z s  

7 hours .  

i n  t h i s  view conta ined  only - m i c r c e u r i e s  of Fe-52 a t  t h e  s t a r t  

5 
I t  i s  e>ttimated t h a t  t h e  p o r t i o n  of t h e  r a b b i t  shown 

1 o z  

of t h e  exposure. 

Imaqe Rccordinq 

Since t h e  s c i n t i l l a t i o n s  occur ing  i n  t h e  image d e t e c t o r  

c r y s t a l  a r e  reproduced on t h e  o s c i l l o s c o p e  a s  they  occur ,  it 

is necessary  to record  t h e  scope f l a s h e s  over a per iod  of t i n e  

t o  permit  an image of t h e  s u b j e c t  t o  b u i l d  up. P o s s i b l e  methods 

of record ing  i n c l u d e  (1) photographic  f i l m ,  

dev ices  such a s  memory o s c i l l o s c o p e s  and s t o r a g e  t u b e s ,  

( 2 )  image mexory 

( 3 )  



- .  .. 
,+ 

.. 
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congutor-type ncxory dev ices  wi th  appropr i a t e  readout .  

s e v e r a l  image memory dev ices  have been t e s t e d ,  none has  given 

s a t i s f a c t o r y  r e s u l t s .  

Although 

The t h i r d  method h a s  t he  advantage t h a t  

q u a n t i t a t i v e  i n f o r n a t i o n  can be e a s i l y  r e t a i n e d  and read out ,  . --\-e 
I r .  ... .-..? . C C I  ...- .*-...'--A. ___I 

ou5h it w i l l  be r e l a t i v e l y  e x p n s i v e  -- -.-..".L.- --J 
The s imples t  and most s z t i s f a c c o r y  method f o r  record ing  

s t i l l  p i c t u r e s  a t  t h e  prescnc time makes use of a s ?ec i a l  

o p t i c a l  camera and Polaro id  f i l m .  The canera has  a s  many a s  

s i x  small  l e n s e s  w i t h  grzdsd a p e r t u r e  s i z e s ,  azd up t o  s i x  

small  images of t h e  s u b j e c t  a r s  produced s imultaneously on one 

s h e e t  of f i lm .  Each l e n s  a l lows  a d i f f e r e n t  anount of l i g h t  

t o  reach t h e  f i l m ,  and a c o r , t i n u m  of over- t o  under-exposure 

i s  achieved wi th  a t  l e a s e  one s a t i s f a c t o r y  imagc assured .  

Sub jec t s  w i th  cons ideraSle  v a r i a t i o n  i n  anount of a c t i v i t y  a r e  

rendered w i t h  no i n f o m a c i o n  loss, s i n c e  t h e  h e a v i l y  ex2osed 

parts,shownbest i n  one p i c t u r e  w h i l e  t h e  more l i q h t l y  exposed 

. 

a 03 

4- 
p a r t s  -best  i n  another .  A l s o ,  a w i d e  range of exposure 

t i m e s  can be used w i t h  no adjustment of the equlpxent .  Con t ra s t  

enhancement and backqround reduct ion  i s  obta ined  by overdevelop- 

ment of t h e  type  47 Po la ro id  f i l m  used t o  record the  image. A 

f u r t h e r  apparent  i n c r e a s e  i n  c o n t r a s t  i s  obta ined  by t h e  simple 

expedient  of viewing t h e  p ic tures  w i t h  optimum l i g h t i n g  through 

deep red goggles.  

geous when t h e  u s e r  becor,es accustomed t o  them, s i n c e  small  

concen t r a t ions  of d o t s  txza nore apparent  when t h e  p i c t u r e s  a r e  

viewed at norna l  reading  d i s t a n c e .  

The s m a l l  images obta ined  s e e m  t o  be advanta- 

4 l-2- 

This method has been  used for 



14. 

soac t ime and has  qiven very s a t i s f a c t o r y  r e s u l t s .  La r se r  

p i c t u r e s  m u s t  be  viewed a t  a q r e a t e r  d i s t a n c e  f o r  optimum 

v i s i b i l i t y  of s i c p i f i c a n t  d e t a i l .  

For time l a p s e  motion p i c t u r e s ,  a 1 6  m caxera has  been 

n o d i f i e d  so t h a t  t h e  s h u t t e r  s t a y s  open f o r  pe r iods  of a few 

seconds t o  s e v e r a l  minutes ,  a f t e r  which t h e  s h u t t e r  c l o s e s  and 

t h e  f i l m  is advznced one f r a z e .  Xost t i ze  l a p s e  scud ie s  occupy 

on ly  a few f e e t  of f i l m  and can be developed i n  a s n a i l  t ank  

o r  a t r a y  i n  t h e  darkroox i$ d e s i r e 2 .  They are vlewec on a 
f 

r e g u l a r  16  mm p r o j e c t o r  o r  an e d i t i n g  a c t i o n  viewzr. 

A sequence Of fraxes f r o a  a t i n e  l a p s e  notiori 2 i c t u r e  

taken wi th  t h e  “ A ”  m u i t i a p e r t u r e  c o l i i a a c o r  i s  shown i n  Fiqure 8. 

A 34 ---old g i r l  had p rev iocs  surgery  f o r  b i i i a r y  a t r e s i a  i n  
m & ‘r, 

which a f i s t u l a  was c r e a t e 2  bctwen t h e  l i v e r  and t h e  duocencz. 

However, t h e  p a c i e n t  contir,ued t o  have bouts  of f e v e r  and 

jaundice  and it was thousht  t h e  f i s t u l a  may have c losed .  T?-.e 

I I75408 
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Captlons 

F igure  1. Block diagram of tne s c i n t i l l a t i o n  canera.  

Figure 2 .  Counting e f f i c i e r , cy  of inagz d e t e c t o r  s c i n t i l l a t o r  . 
Figure  3 A .  Drawing of imzges ? r o j  zctcZ by  t r i9i .e-pinhole  

thy ro id  c o l l i m a t o r .  Thz a rea  w i t h i n  t h e  c i r c l e  

appears  i n  t h e  s c i n t i p h o t o .  

F igure  3B. Scinti?hoco of p:?ar,cort containiR5 6 . 1  n i c r c c u r i e s  
of KocX 1-131. Exposure t i n e  w a s  10 x i n u t e s .  

Table 4 .  Paraze te r s  of mu l t i ape r tu re  c o l l i n a t o r s .  

F igu re  5.  A 10-minute sCir.tip~?GtO of huxan kidneys tzkcn with 
n u i t i a 2 e r t u r e  collixacox zza X 5 - 2 0 3 .  The SLX 

inages  wi th  graded exposures a r e  Ok~taLRe6 simcitane- 
o i i s ly  wi th  a s?eciLi scope caxera .  . . .  

Figure  6 .  X 1 0 - m i n u t e  p o s i t r o n  s c i ~ t i p h o t o  showir.c; x i d l i n e  
I 4  I : s :;, \ , \ c,; 5';'. I .A2) b r a i n  tumor [-----=- &-) i n  z ra r , ta l  lobe.  This  

l a t e r a l  view was taken s h o r t l y  a f t e r  a d n i n i s c r a t i o n  
of 250 n i c r o c u r i e s  of Ga-68 EDTA. The dotced l i n e  
i n d i c a t e s  t h e  f i e l d  of view of t h e  camera. 

F i s u r e  7 .  P o s i t r o n  s c i n t i p h o t o  showing d i s t r i b u t i o n  of func t icn-  
i ng  bone marrow i n  p e l v i c  a r e a  of r z b b i t .  The agent  
was f e r r o u s  c i t r a t e  tagqed with 6 n i c r o c u r i e s  of 
p o s i t r o n  e m i t t i n g  Fe-52. The h a l f  l i f e  of Fe-52 i s  
8 hours .  

. .  . Figure  8 .  Sect ion  f r q n  t i z e  l a p s e  motion ~ i c t u r e .  showins 
DT O SUhpcj  I C Y \ \ \ ;  C ~ C : ~ T - C ~  bile. ~ U C T .  ?x 

patency P- ,- - . ~ ~ y & 7 ~ ~ s ; ~ & * & Q  =,-,.hiLJ--Z y .-&=z.& . 
The sub jec t  was given 50 microcur ies  of Rose Bengal 
1-131. Exposure t i m e  was 2 minutes p e r  f r ane .  1 1 1 5 4 1 0  



. 

1 1 1 5 4 1 1  



r-. 
\ .  
Y 

0.8 - 

0.7 

0.6 

0.4 
-. 

0.2 

I 1 I 1 I I 

. . 

t 1, " ' Sodium ioaioe I '  I scintillator 
11% i n .  diameter by 
t - .  ' ,  

I '/2 in.  thick, 

. 

. .  

. 9 .  



L T  



I 1 

. .  

I .  



Table 4 

>:ul t ia?er ture  c o l l i n a t o r  
Xaxixua Gaxxa-Ray a n e r g y  - K e v .  

Eo ic  Ciarncter 
I l d e  ler.st5 
Septal thickness 

Geoxecric r e s o l u t i o n  a t  1 i s c k  C i s t a n c e  

Geoxctr ic  resoluyior.  a t  3 ir.ck d i sczace  
Calcu ia ted  Sots/minute/;icrocurie 1-131 
Calcula ted  Dots /x inute /x lc rocur ie  E s - 2 0 3  

A 
.36 X e v  

e 2 5 "  

3 'I 

. C G 2 "  

136 

B 
- 2 8  xev 
. 2 2 5 "  

1.5" 
.) 094.' 

.45" 
-75"  

340 
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