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70;- sorne time we have had under  developmeat  a mul t i -de tec tor  positro;: 
sc;it'e;^ for u e  in  1ocLting b r a i n  t u m o r s .  
was pyeseated at the 1962 IBX Medical Symposium ( I ) ,  and the b a s i c  
Gcvice has been descr ibed  by Iizinkowitz -- et ai. ( 2 ) .  

LaieLy,  the ?rizct?;e of the  device i s  a s  follows. 
c,' a posi:rori, 01 I'; 
er.iic;ed in  oTTosite d i rec t ions .  
~ w o  gazx.:a-ray counters  connected in a coincidence c i rcu i t .  
xe:e ar6 -.sositron-emitting subs tances  that  teild to local ize  preferen t ia i iy  
ia >;.;in w r n o r s  ( 3 ,  4), th i s  method can be,  and is  being, used  to loca te  
L--L.T t-;mors. However,  scanning with only two d e t e c t o r s  takes  about 
'-2 .xi.xces t irne,  incl at l e a s t  two such  scans  a r e  needed for  t h r e e -  
;-.-=.ensior,a! locaiizarioii.  It was  thought that  ii  a mul t i -de tec tor  device 
---d 52 dzveioped, the scanning t ime would be grea t ly  shortened,  with 
; ~ c h  consequent advantages as being able  to work with lower d o s e s  of 
zzciat ioc,  to  obtaiil s e r i a l  de te rmina t ions ,  and to work  with s h o r t e r -  
,ived isoiopes.  

A previous p r o g r e s s  r e p o r r  

In the annihilation 
, two g a m m a  i-ays, e a c 3  or' 0.511 MeV, a r e  

Such a n  evenr m a y  b e  detected with 
Since 

w a s  originzXy 5iought that  a three-dimensional  dis t r ibut ion of the 
d e t e c t o r s  could be used ,  giving a complete  p ic ture  of the dis t r ibut ion 
0: ?osi;-ron aczivity ic a s ingle  se t  of counts.  
cXPiculties encountered in  resolving the data  genera ted  by such  a n  a r r a y  
led  to a pa r t i a l  c o m p r o m i s e  in  which 32 one-inch d i a m e t e r  NaI c r y s t a l s  
h i e  a r r a n g e d  in  a zing, as shown i n  Slide 1.  This  device t h e r e f o r e  s e e s  
only a laminographic- type sect ion of the head about 2 c m  thick,  and 
s e v e r a l  s e t s  of counts a r e  needed to s c a n  the en t i r e  head. Even so, 
&e p r o c e d u r e  is much  s h o r t e r  than when only two d e t e c t o r s  a r e  used.  

However,  the mathemat ica l  

- . -  
L ,  -/-s;hematical Considerat ions 

r -..e data  obtained with any given p a i r  of de tec tors  a r e  the  s u m  of all of 
;.-.e cour,ts that  or iginate  in  the volume "seen" by that  pa i r ,  modified by 
cae geomet ry  fac tor  and o t h e r  fac tors  that  a i fec t  the  c r y s t a l ' s  efficiency. 
(Si ides  2 and 3 . )  At  the time of the previous r e p o r t  ( i ) ,  it had been  hoped 
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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. Make8 any warranty or representation. expresaed or implied. with respect to the BCCU- 

racy, completeness, or usefulness of the informatlon contained in this report, or that the use 
of m y  Information. apparatus, method. or process dlsclosed in this report  may not infringe 
privately owned rights; or 

E. Aesumes any liabllltles with respect to the use of, or for damages resulting from the 
use of any Informatlon. apparatus, method, or process disclosed in this report. 

As used in the above. “person acting OD behalf of the Commission” includes any em- 
ployee or contractor of the Commission. or employee of such contractor, to the extent that 
auch employee or contractor of the Commission. or employee of such contractor prepares. 
dlssemlnates. or provides access to, any lnformatlon pursuant to his employment or contract 
wlth the Commission. or hls employment with auch contractor. 

. .  . .~ . _ ^ *  
r r .cr  :r.*or:-.?a:ion giving L A C  distriSu:;on of activity could be obtained b y  
>,,iv:~.x ,. .. 
L:V;L<:& :~to thc s a m e  i-.umbcr of  elcmcr,ts of volume as  the number  o l  
. c sc fd  couiiic:i- p a i r s .  Thc  sim.ultancocs cc;uations mcthod provcd to be 

u:i-,c::- z:;,jsoaci:es, only the one dcvclo?ct  by D r .  Bozzo has been teszcd 
c><i-,ic&iiy and i t  wiil  b e  criiphasizcd h c r c .  T n i s  method is d e s c r i b c d  as 

. .  
;i sys:cm of simcltancons equations, with thc volumc of i n t e r e s t  

. . -  

. ~ . A , L J r z c ~ L ~ c ~ b ~ c ,  .__ .. howcvcr ,  ar.a o i h c r  approaches  w c r c  t r i ed .  Of the s c v c r a l  

_ .  
1 G L i L ) W  s :  

;;I o ~ d c ;  :o analyze  tiic data ,  a r;lati;cmatical model  is  developed, upon 
w.i:c,-. L;-,c co-rr,?utcr p r o g r a m  for solution a;;d for display of the r e s u l t s  i s  
ix l5  ,1 d . 

. . .  - 

m. &.-.e mocc: \vi11 involve only a p h n c  of i n t c rc s t ,  the 1irniLs of which wi i l  
lie ti-,? c i r c i e  cicfi;?cd by the de tec tor  a r r a y .  

y ’ rd ; : ’ , ; ,  r.T C ‘  L ~ ~ i s  . 
\viicrc A c  i s  the activi;y a t  thc point i ,  j .  

pizce tixy point can  b e  r e p r e s e n t e d  by a n  cxprcss ion  A c ( i , j )  

n #  Y 

i 1 
Total Activity = 2 S Ac(i,  J )  

\bl : ~ e r c  i-. and ,> scpsesctnt thc upper  l imi t s  of the arc’a under considcrat ion 
. .  c : x p ~ c s s ~ - i  ;n the  incrcmc:ntal units L for  n, and m for p .  

7 7 .  rLc com?lct;. uistribuiion of activity in the plan(: can hc rcprescntcd  in  
gczcrzil fo rm by tho m a t r i x  

>L c...“ rL(:r io choosc &?proprintc valucs ;or t h c  1;mjts n and ?, a s  wcll  
as .;:IC: prac t i ca l  vaiucs  for  L and M, \v(! s t udy  :he uiffcrcnt s e c t o r s  defined 
b y  var iocs  p a i r s  of countors .  

ir. Slice 4 we c a n  s c c  ciificrcnt s c c t o r s  dciir.cd by randomly chosen 
?a;r 3 .  

- -  
_ A  wcf ir~:;ose s o m c  conditions on the pa i s  order ing  such as  a par t icu lar  
rxL---.bei- oi detectors a p a r t ,  then we  obtain s e v e r a l  s e t s  of counter  p a i r s  
wiik s o m e  p a r t i c c h r  s e c t o r  defineL by each se t .  



Slide 5 Llas:ra;cs some of the s e c t o r s  genera ted  by consider ing different  
sc". 

3y geze rz l i z ing  th i s  condi";on, we CZT, oL';zir? 16 unique s e t s  of p a i r s ,  
each a t 2  de;'ining a parzicuiar  sec:or a i  the ? k n e  in  our  rnode?. 3 . i ~  
gazer& codi t i ion  can  be expyessed by: 

w h e r e  .V, is any detectfir  s c j s c r i p t  ( : - - - 3 2 )  
ard N is any coincident de tec tor  subscr ip t  ( 1 - - - 3 2 )  

r_l-_ *,*e dliicz-ent s e c t o r s  deiined by the 16 s e t s  a r e  15 concentr ic  r ings  and 
L c i r c A c  wi:h z e y o  rad ius  at ;ne c e n t e r  of our  mode,. 

1:. G T ~ C :  LO ohtail? 2 f-zther division i:i the izdivtdual r ings ,  we  now 
~ - . S y z 2  how a +;'.icu!ar s ec to r  of a given r ing i s  r e p r e s e n t e d  in  a . . .  
SeL Oi 2,;:s. 

A s  we ca;; s e e  i;i F i g u r e  6 ,  the condition 

CI 
?(X, Ni9) = P;N+1,Nt10) where  P ( r i , m )  r e p r e s e n t s  the counzs 

:~- L. -.. LAC >ai? (;i,m) is only sat isf ied by a single source  i f  it i s  located in a 
. -  

.^ J c c A  - - . . LLc-,iziy ._ r k g  and w i t h k  this  r ing  in a p:.;icular s cc to r .  

?:or. .;?re we ca;. iz l - ive the  n e c e s s a r y  coxditions that will  aLow u s  to 
-cprcscn: locat ions of souyces a t  32 points within cach r ing.  Also i r o r A  
;>,e 2recac ing  considei-ations we can der ive  two constants  in our  sys tem:  

2, .;hat the data  contain at l e a s t  16  seis of counter p a i r s ,  each one 
rc la ted  to a ?ar t icu lar  s ec io r  of the plane,  

;; :ha: each scc  coritaics 32 e iements ,  each one r e l a t ed  to a p a r -  
i i cu ia r  seczor within a ring. 

- 
2 ui-.ihei-i~io-e, the relat ion between the s e c t o r s  defined by the  different 
52 ;s  i s  an additive one. 

L is convcnicnt to r e a r r a n g e  the da ta  m a t r i x  by a t ransposi t ion o i  thc 
eiemei-its from: 
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--.. . * c*c a&'-? .* mzlrix will corkain somc p a r t i c n k r  p r o p e r t i e s  that  wil l  be 
-asi.fd in ;?.e rcciuctioa and solution f o r  unknowil dis t r ibut ions.  

&; T;"r.c diifcrcrit columns will contain data  r e l a t ed  to pa r t i cu la r  con- 
cciiirics c i rc lcs  of the plane. 

irAg resu::s (Slides 0 ,  7 , s )  show the r e l a t ion  between predicted and 
aciual  data  in such a casc .  

A spec ia l  c a s e  will  be the onc w h e r e  
Thc fol low- :ocazion of the s o u r c e  i s  i n  the c e n t e r  of the plane.  

Since thc s c c t o r s  f o r m e d  by the counter  p a i r s  r e p r e s e n t e d  by the equations 

iG = 1, 32  - if" 3 +'i ) 
I . .  . , 
j N  = M + 4 /  

do r a t  iLciLaiiy cove r  the model  as  seen  in Slide 9,  we  can r educe  the 
cz t a  rnztr ix  to OAC of o r d e r  32  x 12.  

n -. ,fie &;a obseyved by the de t ec to r s  r e p r e s e n t  some distributior.  
of act ivi ty  within the mode l  a f t e r  undergoing a l i nea r  t r ans fo rma t ion  by 
-1- 3 rr,atl-ix 7 .  

D = T. A.  



L?.dy ,Yn e .. L . . l o ~ c r  .-- 

cion 0;' known l i h r a r i e  s .  
the obse rved  lata car, be r ep resen ted  a s  a l i n e a r  combina-  

i s  tF.3 izzzrix r e p r e s e x i n g  the  K i c i e n c y  f ac to r s  of the  -- w .-Le :- e Y .'., il 
c;tcc:ors with r e s p e c t  to the coordinate  ?osit ion (m, n) in  the model .  

";;e 
vayioils i;bi.aries which a r e  found to be  cor,tair.ed i n  the da ta  A (m, n) t imes .  

(:T*, 2; values  a r z  the muit i? l iczt ive constants  a s soc ia t ed  with the  
. .- 

.-, 
r7. ,,-.e fi,",in,n a i g o r i 5 m  s e a r c h e s  for  the  A values  until  the following 
coaditior, is me t .  

r7. ,ric resL!ting ina i r ix  i 1 -J 
r c l a t c l  i o  the iniziai dis t r ibut ion within the  model.  

then r e p r e s e n t s  an  act ivi ty  m a t r i x  which is 

r 7 7- --.c i-.ur.-Acrical outpu;: f r o =  the  scannicg device i s  OR paper  tape and 

~--:AAS ?zogrz~t;-~. 
Ly each o l  the i ,  024 poss ib le  counter  p a i r s  a r e  expi-essed uniquely. 
ca,c:ts in zi-;y given ( i ,  j )  pa i r  of de tecrors  a r e  d i r ec t ly  r e l a t ed  to the 
zcLlvi~y within the volume subtencied by the p a i r  a s  wel l  as any random 
coincidcnce counts.  

.~ L . , S ~  .. ~ .. ~ data a i r e y  a szra ight  convers ion  to  magnet ic  ta?e z r e  input to t h e  
~ .. .. ._ "':?e da ta  a r e  ir, a f o r m  ir, which the counts detected 

Thc 

- -  u s e  is m a d e  of a m a s t e r  l i b r a r y  wIiich contains  individual dis t r ibut ions f o r  
334  symrr.crrically-distributed point s o u r c e s  a c r o s s  a 'nor izonral cut of a 
rfiodel 'ncad. 

- -  

n 

Si-rce ' k e  Thysiczl r ad ius  o i  the scanning device is larger than the  
average head,  a i i - 7 .  .,::e volume which is re la t ive ly  f r e e  of any concent ra tcd  
aciivicy i s  i----- , l c s ~ d i l c e d ,  a cover ing  or 'wtic:? i s  obtained by consider ing 
:;-.ose cqcnters  w'hich ai-e f ive  or less apai-.;. Thus the  counts observed  by 
couxicr  ? a i r s  defined by the e g s .  M = 1,  
i\T = ;vi i 4 can be  ignored s ince  ,they a r e  not relazed to  any r e a l  dis t r ibut ion 

3 2 ,  N = ;VT i 1 ,  . . . , M = 1 ,  3 2 ,  
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Figure  1 : Multi-detector posi t ron scanner  a s  used for locating brain 
tumors .  
multiplier tube assembl ies  a r e  a l ternately horizontal and 
ver t ica l  to p e r m i t  close packing. 

The 32 NaI c rys ta l s  a r e  in one plane,  but the photo- 
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PATiENT MGH A.S.  8/26/64 
Cu64 DTPA - T U M O R  

64 
Fizcre 3 :  Scazs take;? af ter  Ljectior:  of Cu D T P A  ii; a patient wi-ik a 

ironta! IcSe tuimor. 
hour &$e: ixjectior,; the rAu;ci-detector ones 2 4  hours  layer .  

The cc:-ven.cional scans  were  taken I 
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I , - .  7 4  
I' -- : ASLAC. ,-;. ~ ~ 0: >>ci:is tzlcen after inject102 o i  As  in patient w i k  a :amor 

i;? iAe 1-iah-L -- ?drieta! lobe. , a  I -  hoLr a f te rwards  for convest iocai ,  
ieir ,  as< 2 4  k0Ui-s a f te rwzrds  fo r  mult i -detector ,  r igh t . )  
3.td.t.i-detector 1 a m . m ~ ~  a r a c k e t  the tumor,  hut localization 
Is  shown in the "A" SectiGil. 

. _ .  


