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The i.mportarit p h y s i c a l  f a c t o r s  which must 'be t aken  i r l to  a c c o m t  i n  ECT' are :  
i 1 uniforrx o r  nea r  uniform de t ,ec tor  I-eso1ut.i or! a x 6  respznse ( e f f i c i e n c y )  w i - t h  
Cepth; i i) a c c u r s t e  c o r r e c t i o n  for photon attc;;;u:~tI.cn; i i i ) removal or s i g n i f i c a n t  
i.edi.iction of s c a t t e r  r a i i a t i c n  t o  a s s u r e  dcte::tcjr r e z ~ s n s e  r e p r e s e n t s  t h e  l i n e a r  
suii of a c t i . v i t y  viewed and provide  h igh  cont?-.-ls;t c ? C  s e n s i t i v i t y ;  
d e t e c t o r  posi t ioni! ig  a ~ i d  s r n p 1 . i ~ ~  (5ot.h l ineer  wid a r i g u 1 ~ )  to prov ide  optirriuin 
r e c o x s t r u c t c d  image q m i i t y  arid v j c ic tect ion s;:sr.ern Kj . th  high  ei'i 'iciericy t o  
niezt t h e  dexmding  s t a t i s t i c a l  requi rements  of  CT. k?~?lei*e t h e s e  f a c t o r s  have been 

. p r e s e n t e d  i.n t h e  l i t e r a t u r e ,  t h e  e x p l i c i t  arid q x a n t i t a t i v e  r e l a t i c n s h i p s  zxong 
them, and t h e  manner i n  which t h e y  e f f z c t  t h e  q i a l i t y  o f  t h e  ZCT irr;age has  y e t  
t o  ''be de te rx ined .  

i v )  a c c u r a t e  

A nuinber of ECT systexis have been o r  e r - c  bcln; c o e s t n c t e d  E t  t h i s  t i m e  
(TABLE 1). These s y s t e m  can be sepa.rated i!:.i;s t::n i:atec;;ories: ( a )  sys tem which 
e rFloy  sing1.e 1:hoton count ing  (SX) such  as S : E ! : I ~ ~ : T ~  ;i:?:i ~aze i - a . s  f o r  9%'c, l 3 l I ,  
l2SI, etc. a n 3  (5)  s y s t e r s  which enploy ari:-:!L?.il :.i%fLcr:: 
of p c s i t r c n  e m i t t i n g  r a d i o n u c l i d e s .  D-lring ::.kc? ??-st .I y e a r s  t h e r e  heve 
been seny d i s c u s s i c n s  , p r e c e n t a t  i ons  and p:~.Cli shed y*-:iic5 have d i scussed  
a2-,r&.nta,ges. a.ilc? disadvaQ.tages of each of thesf:  t 5 z k r : i q  F!*m a i l  of  t h i s  t h e r e  
are  s e v ~ r a l .  p o i n t s  which a g p e i r ,  a t  l e a s t .  ;IX .i t h m  c t h e r s .  A p p r c x i m t e l y  
an equal  number of investigators arid co.rme:.cj co!:ipaniea h a v s  chosen t o  pursile 
each zpproach.* 721 date, i n  h u i m  s u b j e c t s ,  ; systms ha-re Seen used pr i : :w- iQ 
f o r  b r a i n ,  whereas AC3, has been  sed f o r  wi;sie body s t w 5 i c s .  Th i s  prj.E:arily r e s z l t a  
from t h e  f a c t  t h s t  t h e  rmthods f o r  ma in ta in ing  a r e i e t i - r e  c c n s t a x t  r e s o l u t i o n  uith 
depth (eg. s m x i n g  C Y  gesmet r ic  !?r?an of  oDnosi!itz _. views j an5 zpproximetion rzthods 
(or no xe thod)  f o r  a t t e i iua t ion  c o r r e c t i o n  \:<th SPC haTie so car onl.y. proven t o  be 
vinb1.e i n  small., 1mifo:x and symneCrica1 o b J c - c ~ s  l i k e  t.ke %es.d ( 2  , b - 6 ) .  I!o:..-ever, 
ACT, provicies a iwthoci i n  which s f t e n u a t i o n  i s  fur:dment:l.i 1.y a slov vrrviriE -2.2.2d f u n c t i  011, 

i c i n c e  d e t e c t i o n  ( A C D )  

c 
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. .  : ~ , r L y . ~ : ~ t i c , ~  i n  a ~ . t . e n u ? - ~ , i o n  t :eco-es l a r g e  > . . ~ i >  z i so  + y ~ : : . - ~ ~ ~ s  rc::;c:~.i:t,i,r;:i az.3 
hi& cor,';rast Thick i s  depth  i-naependent as  the o b j e z t  size inc re2acs  (7-10).  
Ti'he u n i y i e  c z p e b i l i t y  of ACD to c o l l e c t  d z t ~  w?th the h i g h  geo~etric ef i ' i c iency  
of a f an  bea? ( t r a n s a x i a l  CT; d z t a . c o l l e c t i o n  i n  x, e )  o r  -? cone bnzm (d i i - ec t  
3-3 tomography; data c o l l e c t i o n  i n  x ,  y ,  8 and $I, 1ihtlr.e Q I s  pergend icu la r  t o  
ang le  oc r o t a t i o n ,  8 )  consis te : i t  wi th  t h e  a s s m p t i o n s  o f  r e c o n s t r u c t i o n  
toaogra6hy i s  a l s o  advantageous.  SFC has t h e  advar,tage-, as  d i s c u s s e d  by Kuhl 
e t  a1 ( 1 0 ,  Keyes e t  el  ( 5 ) ,  J a szczak  e t  a1 ( 6 ) ,  2nd o t h e r s ,  i n  t h a t  it caa be  
used w i t h  e i t h e r  e x i s t i n g  o r  new raa iopha r rmceu t i ca l s  l a b e l l e d  wLth 9gz-Tc and 
o t h e r  co::i%ercially a-milet le  r ad ionuc l iZes  . This  i s  c o n t r a s t e d  t G  t h e  
2isadvanta;;o of ACD i n  t h e  requi reRent  of an c n - s i t e  acce lera . tor  f o r  s t u d i e s  
ercploying llC, 13:: and 150. 
i s  hovever o f f s e t  t o  szme degree  by t h e  ava i l ? .b i l i $v  of  a c o m x r c i a l  generztor  
system o f  68C.e-6p,Gz, t h e  gencrz tor  system of R2Sz--"2Xb and le?' ( c s n i e r c i e l l y  
a v a i l a b l e ) .  These p o s i t r o n  e x l t t l n g  r a d i o n u c l i d e s  could  be used t o  l & e l  a . 
wide  v a r i e t y  of p r e s e n t l y  employed r ad iopha rmaceu t i ca l s  and f o r  development o f  
new l a b e l l e d  compoimds t o  be used v i t h  t he  imaging advantages o f  ACD. 

(7 ,8) . 

As has  been d i s c u s s e d  e a r l i e r  (11) t h i s  disn+>-ar?taZe 

Cost i s  c e r t a i n l y  ano the r  f a c t o r  which nust be cons ide red .  &yes e t  a1 . ( 5 )  
have i n d i c a t e d  t h a t  one of t h e  mot iva t ions  for  us ing  a cane ra  fcr ECT i s  t h e  loxer  
c o s t  r e s u l t i r l g  frcm t h e  use of conven t iona l  t e c h n o l o a .  
does not  provide  a convinc ing  case i n  t h i s  d i r e c t i o n .  A s  a coiviplete syste-1,  t h e r e  
are  co expected c o s t  d i f f e r e n c e s  between a SPC o r  ACD tomograph s i n c e  t h e  m j o r i t y  
of c o s t  f a c t o r s  are  common t o  bo th  s y s t e m .  Cost does BecoiTe a s i g n i f i c a n t  f a c t o r  
when one c o n s i d e r s  t h e  d e s i r e  t o  have zn o n - s i t e  c a p a b i l i t y  f o r  producing "Cy l 3 I T ,  
150, e t c .  
t r u e  bottom l i n e  c o s t  f o r  a conpac t ,  self s h i e l d e d ,  r e l i a b l e ,  si .nple t o  use c y c l o t r o n  
( o r  s o x  o t h e r  t y p e  o f  a c c e l e r a t o r )  c o n s i s t e x t  -*5th t h e  c r i t e r i a  and needs of 
a c l i n i c a l -  envi rmcient  ( c g .  not  a f l e x i b l e  r e s e a r c h  machine) .  To t h i s  end,  t h e  
Xati orial Cancer I n s t i t u t e  h a s  r e c e n t l y  released a r eques t  f o r  p -oposa l s  (RFP) 
t o  des ign  and b u i l d  such a medical  zccc le ra to r .  

€!owever, t h e  lliiumngotrofil '  

=lis n a t t e r  n u s t  be i - e so lve~  ty c lea r ly  and def :c i t i -Jcly e s t ~ b ~ i s h ; ~ ; c ;  tk1e 

Keyes e t  a1 ( 5 )  have a l s o  d i s c u s s e d  t h e  advantage o f  be ing  a b l e  t o  simultaneousl:! 
record m u l t i p l e  slices with t h e  garma c<w,era. iIowesrcr, t h i s  i s  really a c o s t -  
des ign  d e c i s i o n  as t o  whether t h e  t o t a l  system ef ' f ic iency  i s  o r i e n t e 5  t o  m x i x i z e  
it i n  t h e  2-D p r o j e c t i o n  (eg. l i k e  t h e  c z z e r a )  o r  t h e  t r a n s s x i a l  p l a n e  ( e g .  like 
n o s i  s p e c i f i c a l i y  designed t r m s a x i a l  tomogTaphs ) . 
a d ~ . ~ ~ - i n t a ~ ~ t ?  of heir.;; able t o  perforrr. a s i n g l e  slice r a p i d l y  t o  n i n i n i z e  a r t i f a c t s  
f r m  mover?ent of  a c t i v i t y ,  organ o r  p a t i e n t  and t h e  g e n e r a l  acivantage of 
cia:cimizing t h e  de tec . tor  e r f i c i e n c y  t o  t h e  organ o f  i n t e r e s t  ( e g .  much of a c x e r a  
f i e l d  cf view i n c l c 6 e s  r e g i o n s  above and below t h e  organ whi.ch may no t  be ir;lFortant 
arid t h u s  a p a r t i o n  Oi' s y s t e n  e f f i c l e n c y  i s  l o s t ) .  
have t h e  c a p a b i l i t y  ( o r  p o t e n t i d )  t o  a l s o  p rov ide  a conventioLa.1 2,-D p r o j e c t i c n  
irliage ( e s .  2-9 scan )  t h e  ct2Tex-a systems typic(z l1y  provide  a h ighz r  l e f f i c t e n c y  akd 
a s t a t i o n a r y  f u l l  f i e l d  v i e v  i n  t h i s - i m a g i n g  node. 

Tile 1 . s t t e r  has t h e  to; ;sgap: i ic  

. . .  

Wen though a l l  t h e  ECT systems 

I 
/ I .  

A t  th i .s  p o i n t  t h e &  s t i l l  remain advantages and d i s a d v m t z g e s  t o  S?C m c i  ACD 
l;cc!ogr*z;:;hj. and more d e f i n i t i v e  d a t a  a r e  needed to c l a r i i y  t h e  ind iv i i l xa l  p o i n t s  Of . 
concern.  fiowever-, if si? %ssu~:ii' thzt  t h e  ~lhys?c.;l factors, instrmier!t d e ~ i g ; n  2nd 

It t o  produce 2 b e t t e r  instr*::ze:it, irqjrove ii!z,<;e cont;l-~si;  p c ?  snz t i a l  C e s c r i p t i c n  

I. 

cost f a c t o r s  hzve heen  :*esQlved, orie must ask vhet S.s t h e  s 5 j e c t i - J e  of -c-r'r? -\,-. Is 



The ques- t ion has a r i s e n  f r e q u e n t l y  whether ECT can pnrform dynamic s t u d i e s .  
I n  t h e  convenbionai  ~~.,r~nr.oach ts dyr!anic s t u d i e s  suc?i 2 s  blood f low wi th  rapic? 
t i n e  ser3pl ing  t h e  onsver  i s  yi~?b=i5I.y n e g a t i v e  because of s t a t i s t i c a l  l i m i t a t i o n s .  
It should be reze::bered t h z t  i n  %c:nography or,e i s  t r y i n g  t o  detect e c c w a t e l y  t h e  
a c t i v i t y  i n  very S C : R ~ ~  v o l ! ~ ~ ~ c s  (eg-.  1 o r  2 cm cubes). convent iona l  c e r e b r a i  
blood fl.ow stud;,r s r z ~ t i i  2 gxrxz i  caxe1-a t h e  5lazge ot' the whole organ i s  sever-ei~y 
l i m i t e d  s t a t , i s t i c c . l l . y  vi thoi i t  ingosing t h e  added requirenrct of approximately 
an e q u i v e l e n t  nur?=,er of' ccurii;::. for  each s e l e c t e d  t r a n s z x i a l  s l i c e  of  t h e  organ .  
If torncgraphic s t u c i i e s  01' & J ~ r ~ ~ ~ : ~ c  processes  are t o  b e  accoapl i shed  by  r a p i d  t i m e  
sampiing,  the EZT ~ u s t  be:  ( i )  a b l e  t o  c c l l e c t  211 necessary angul.ar and l i n e a r  
sanples i n  a t ime shor+; conjxzred t o  t r a c e r  c l e e r m c c  rate ( i i )  e f f i c i e n t  enough 
t o  c o l l e c t  ;.e2=_uired r i u n h e r  o f  couEts per p l ane  t.o for.3 an a c c e p t a b l e  image and 
(iii) sina1ta;ieousl.y r eco~rd  e3.1 p l a n e s  required or s u b j e c t  p a t i e n t  t o  m u l t i p l e  
i s o t o p e  i n j e c t i o n s .  

I n  . .  

. 

Thus  it would appear  t h a t   conventional^ dynamic s t u d i e s  and ECT are somwhat  
at; odds. Iiove.i?r, t h e  t ~ r z  ;lyi;c?;.;ic r ; t ~ ; : l i g s  rcfcrs  t;J c5, brooder  cstcgory o f  
f u n c t i o n  measure3ents which c m  be  accorr,plishec! by approaches which are  c o n s i s t e n t  

.with ECT. 
( d i f f e r e n t i a l  equa t ion  rate Tiioiels) t o  zn acc.ariLatioii  ( i n t e g - e l  e q u a t i o n s )  nociel. 
!.!any of  th3se  nociels e x i s t  i n  t h e  f i e l d  o f  q u a n t i t a t i v e  au toradiography a n d  o t h e r s  
can be  developed by r e f c r m i i s t i o n  of e x i s t i r , g  Gyiv2nj.c models. 
used a n  au tc rad iog raph ic  r?.odel. and t h e  KARK 1'1 to ~;rz-?h t o  measure t h e  c r o s s  
s e c t i o n a l  d i s t r i b u t i o n  o f  the c e r e b r a l  glucose 1r;etsboiic r z t e  i n  u n i t s  of ng 
g lucose  u t i l i z e d / n i n / 1 0 0  gr.s v i t h  18?'-2-dcos;:g;i U C O S ~  (12,131 ; 
conpovinds which accumulate znd are r e t a i n e d  i n  t I . s s u e  i n  p r o p o r t i o n  t o  b lood  f low,  
ns tabc l i sm,  e t c .  i n  ;Ihich tissue c o n c e n t r a t i c n  i.s s t . a t i c  i ? ~  sl.owly changing a t  
time of measurexent;  ( c )  c i a i n t a i n i n g  ~i s ' ; e t ic  d i s t r i b  %=I-. wlt!: steady state 
i n f u s i o s s ;  (d) usj.p.5 c i y r i ~ i c  :nodels  when tile rx!:e or :hn 3rocess i s  slow 
comparcri to ECT rae.s,surea:en+, - t i m e ;  
r e p e t i t i v e  ~ o t i o n  o f  t h e  heart. 

This  can tie achi.evec! by ( a )  ? - e a r n r i s i n g  t h e  p r e s e n t  dynanic  xode l s  

Fcr  ex<mple, >:e have 

( b )  u s ing  l a b e l l e d  

. .  , . I  

( e )  c;uI-t iplt .  s h o r t  t ixe  ser-ipling o f  



ECT i s  a mathematiczl  and p h y s i c a l  conceTt , a n  ins.t;rur:!?nt, a r a d i o n u c l i d e  
t r a c e r  t echn ique ,  a resezrch p r o c e 2 x e  and ik i s  c e r t e i n l y  bo th  an o l d  ( K ' ; i I I l  
began h i s  work i n  t h e  late f i f t i e s )  and 2 new ccncept .  
u n i ~ ~ u e  p o - t e n t i a l  as a d i a g n o s t i c  technique .  
pr:i.nciples cf meciicrtl CT were exempl i f ied  arid tievel.c)peS i n  I,iaclear Nedicj-n? bjr 
i1lt1-11 and coworkers and t h e  concept of "phys io logic  o r  f c n c t i c n  - 7  tczDgrzp:iy'' 
pyc;vides a t echn ique  tc ;  xivarice t h c  o r i g i n a l  chr i r te r  of i . u c l e a ~ -  :. 'e?icine i n  
.the use of' r a d i o n u c l i d e s  f o r  t h e  measure of mctaboliscl and physiologic furic.ti.cn. 

It elso has g r e a t '  and 
It i s  i n t e r e s t i n g  t k a t  t h e  b a s i c  

, 

Michael E. Phelps, Ph.D. 
Center  f o r  the Hea l th  Sc iences  
UniversitLr of  C a l i f o r n i a ,  Lcs Angeles 
Los hr!g:el.es, C a l i f o r n i a  

http://furic.ti.cn
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Head 

Body 

Body 

Body 

Body 

Head 

Body 

Body 

Body 

Body 

Body 

Body 

liead 

Body 

TY?E -- 
Single h a d  Camera 

Single Head Camera 

Single t iead Camera 

Single Head Camra 

Sq. Array Scanner 

Sq. Array Scanner 

Dual Head Scanner 

'ricxagofial Array 

Hexagonal Array 

Dual Head Mutl. 

Scanner 

Scanner 

i)e t e c  tor 

Dual Head Camera 

Circ.  Array Scancer 

C i  rc.  Array Scanner 

Circ. Array Scanner 

SPC 

SPC 

. SPC 

SPC 

SPC 

SPC 

SPC 

ACD 

ACT, 

ACD 

ACD 

A C D  

A C D  

ACD 

20 n:in+ 

15 inin+ 

20-30 m i n +  

39 min+  

3-15 si in  

1-5 rnin I 
15 niin 

20-123 seF** 

3-0,1-4 rnin*** 1 

20-GO s e c  

2-10 miri 

3 cii'n 

\ 

. .  

. *  

.e 

+-I 

SPC represents Single Photon Counting as errployed in conventional scanners and T c i n t i l l a t i o n  caneras. 
AC1) represents Rnnihi l d t i o n  Coincidence Petcction o f  o o s i  tron emission. 
SiniuI tariecus miiItipIe p1 anes- 
4 s i n l u l  tancoirs pl  ancs 
Scan tivies given are  n o t  under the condition of  the same image noise ,  resolut ion and dose. 
1 0  scc  scan capabi 1 i ty . 
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