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ii!sSEz 
A system Will be described which d e s  

use of positron aiiitting imtopas for 
locating brain turfiirs based on the mehod 
developed by Sweet, Brownell  and A r m w . l s 2 , 3  
Thie systam inherently provides mm infoxrea- 
tion about the distribution of radioactivity 
in thii head in lesa time t h m  existing 
aaannem wNch use one or two detectors. 
stationary cimular array of 32 saintil lation 
dettaJcturs scam3 a irorimntill. layer of the 
head fmm win$ directions 3britd.tanwusly. 
The data, consisting of the number of ~ o u n t s  
jn all pdssible ooincidernce pairs, is coded 
and stored in the meusom of a Two-Dhenslonal 
?ulse-Height Amlyzsr.~' A unique method of 
d i s p l a y i q  and interpreting the data nill be 
debtrfbed which enables rapid a p p x v x h t e  
malysfs of complex a ~ u r c e  distribution 

A 

patterns. 

Intmduc tion 

For a number of corxpmnds, the rate of 
uptake by bmin  t issue is slower t h a n  the rate 
of uptake by muscle tissue or by certain types 
of tumor tissue. Thuta, after intravenous 
injection' of labeled compoundpr, the radio- 
activity may be higher taprari ly  in brain 
tuamrs than in surmunding healthy brain 
tissue. 
locate t\ursors in t h e  head. 
i a  d i f f i c u l t  becauae the traber 1 e W 1  in 
the blood atreas and in muscle tissue is 
cmparabh to that in t h e  tumors; the 
activity mtioa are areall and the effect is 
transitory. 
done with ane or two detectors so t h a t  it 
has taken a long t5me to aacraslz\Leh data 
even when rvtlwtiveply large amounts of tracer 
have been injected. 

This phenomenon has been usad to 
The technique 

The scanning hae hemtofore beem 

Sweet, Brownell and Arano&@*#3 have 
LA positron emitters as the radioactive 
tracers. An d t t e d  positmn gives rise, 

th rough an annihi la t ion reaction, to two 
0.51 Hew g- rays which are dtted in 
opposite directions. 3hen detectors are 
placeid on oppopiiq s ides  of t h e  source, IP 
aofncidence Fndknte i~  activity within the 
cylindrical space connecting the detectors. 
This has several advantage@ cumpared dth 
the w e  of e single gama eullimted 
d e t e c b r ,  e.&. hpmv(Bd sesolutlon and 
insensitivity to background singla g 
radiation without #e neceatsfty of large, 
heavy &id- and o o l l b a t h g  struotwreer. 

technique, making use of a d t i p l i c i t ; g  
of detectors. 
aspects of thiar developmat: 
affwthg arrangement of  detectors, 
2) electronic circuits for counting 
coincidmces, 3 )  relating output data 
to activity distribution i n  the BOUTCB, 
4; prellminaP-j results. The Instrument 
is bui l t  and has been tested w i t h  arti- 
ficiall7 produced radiat ion patterns. It 
has yet to be tr ied on human patients, 
and the best method of anaL7zlng and 
presenting the data has not  been determined. 

m8 Work fi3 a &UnSiOn Of L ! a  

This rewrt covsrs ~ Q U P  
I) factom 

Arrangment of Detectors 

,Positron coincidence scanning w5th two 
detectors ie lllus%sated in Fig. 1. The 
detector p a i r  l a  scanned slow1,v ~-?p ibnd down 
and forward and back registetine, the 
coincidence count8 produced by positron 
ann.ihflation garma rays on a projection sap 
of the head. A serious disadvantage of this 
kind of proJection representation, also us& 
with t h e  single gazrana scanning techiqne, fe 
the distortion of the recorded radbactfvltg 
pattern which can result. In cases ai' 
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a- ' t i p l e  tumors, t h e  pmjections can be mis- 
i Aing even when t w o  projections Pma 
different angles a m  taken. 

Additional detectors are des irab le  to 
pmside mre infomation about the radio- 
act iv i ty  pattern with greater sped, 1.e. by 

(>ne pea ib la  configuration is shown in Fig. 2 
w i t h  the detectors arranged In tm planes 
on each s i d e  of the head. The nussber of 
cohcidences @qUdS($-) 2, wfi3re n is the 

fottsll number of bsttactors. 
is more senaieive to counts at  the center 
of the pattern than at the top 6nd bOtt(MI. 
and saw of the detectors are farther f m m  
the otsnter than others. 
decided to arrange %he detectors fn FA circle 

detractors with 1 l/4 inch diameter by 1 inch 
deep WaI c ~ y s t a l e  arranged in PI 15 inch 
diameter circle. Figur% 3 shows the 
sensitive areas which intessesct the head, 
for the coincidences between detector b. 1 
and the opposing detectors. The head is, 
therefore, nscannadn s~ultaneous3,y I rolg 
each detector resulting fn 9 to 3 . l  paths 
through the haad pmducfng wincidences for 
each detector. 
about 170 to l-80 coincidmce combinations. 
Thllp ring will take data fn one plane and 
w e U  be mved in 10 steps along the vertical 
axis of the head CO obtain thme-diramsional 
data. 

S b d ~ g O U S l Y  8Gannh.g froat atmy directions. 

This armngefftent 

It was finally 

' BIB shown in afg. 3. The B y e t a  h a  32 

An average head 1411 pmduce 

Coincidmae fair Cuuntlm System 

In addftian to the detector counting 
.<I asswbly the ~syartm includes: 1) coincidence 

circuitry which counts coincident p u l s e s  p 
between any p a k  of detectors and c o d a  
the data i n  a form sui table  for storage fn 
2) B ~~~-!.?imensiond. M s e  Height Analyzer 

' 

Ui%Ewry.4 

The detectors are nunbared froxi 1 to 32 
s q u e n t i d y  around the circumference. 
The coinoidence counting system, using 
standard Colgputer Control CO. ~ S - P B C S ~ ~ ~  
and compatible 1 ab0 r ato ry-bail t c i rc u i t  ry , 

exwines each event, re ject ing single 
counts and mult iple  coincident counts of 
three or greater, iuld finally codes the 
t w o  detectors in the p f r  for la-ry 
storage. 
coded in a train of pulses  equal to its 
assigned number and atored in the X m e n o r y  
of the Two-Mmnsional Analyzer. The 
higher number detector is a9rrmltanwusly 
coded into another pulse train equal to 
its aseigned nuPBber and stored in the X 
rn-rye 

The lower number detector I s  

hferring to the Prystem block 
diagram (pig. & ) 9  eaeh of the 32 detector 
mplFPfer outputs drives one input of a 
2 input RARD circuit which in turn eets 
one stage of the 32 Stage s h i f t  register. 
The other input i a  a gate coltitipon to a l l  
32 input HARE3 which 13611 pmvmt setting 
of the shift register during analysis of 
an event. 

%en the input gate is open, 
single or xultfple coincident e v m x l  can 
E& the appmpriate shift register e t a  QB 

is set by the switching of m y  s h i f t  
register stage thxough the 32 fold "ORH 
c ircui t .  e input HAED gate closes 

any more detector pufsea until completion 

irn parallel .  The Clock Gate Rip-Plop b? 

immilately 7% preventing acceptance of 

d d 8 y  period. the s b t e s  of all 32 st&yis 
of shift register are exmined in parallel 
to detea"Yin@: whether the event -8 a s i n g h  
or a multiple coincMme. Sinoa onlg the 
coincidence pair of 0.57, Hev annihilation 
gamuaa is of interest in thio, scan, the 
analysis of singles and all other multiple 
coincidences am prevented. me three 
etandardized outputs fmm the coincidence 
BnitlgTZer. indicating the nureber of switched 
s h i f t  register stage8, are converted in the 
logic H m R O B  circuit to 8 atandlwd one 

represents a coincidence pair ,  and logic one 
( -6  vults) rsm-esmts ts a ingle  or t r i p l e  or 

or zem lev& woltagdD 7 ; b g i c  L e r D  (O Bolt 
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Aher order cohcfdsnce. T h i s  voltage is 
gated in a 2 input BAED by a standard 0.6 p s e c  
pulse(s) at the end of the 10 p e e  clock 
gate inhibit pulse. 
r e s u l t  in a closcsd gats. Any other condition 
opens the gzte and pernits  the pulse(51 to  
trigger 8 delay multivibrator which generates 
a 10 psec pu~ee(L) to reset the s h i f t  
register, all f l ip-f lops,and open t h e  input 

A coincidence pair will 

gate. 

The coding of the 2 detectors i n w l v d  
in ip. coincident pair proceeds by gating n0W 
the free-murning Clock Hultivibrator after 
the 10 psec logic  delay period. 
pulaars(G) are gmerated at a b u t  boo kc. 
'phese ahift Dulses appear simultaneously 
at the X and Y outputs until t he  X Gate 
Scale-of-two is set(K). 
in trimer.- this scaler p e m i t s  the lest 
X pulse h appear at E. 
pulses required to change t h e  sta te  of the 
Ro. 1 shift register equals the l o w e r  
detector numbor Fnvolved i n  t h e  cobciaence 
pair. me W. 1 s h u t  register stage(H1 
gates through a clock pulsfs(I) to trigger 
the X Gate Scale of 2. %e s h i f t  p u l s e s  

Shift 

4 0.6 )raw delay 

The number of s h i f t  

appear simultarieously at the X and Y outputs 
until  the X Gate scaler is set,  inlzibiting 
the X output. The s h i f t  pulses conthue 
u n t i l  the Pb. 1 shift register stage again 
gatere through a aftcod clock pulse to 
trigger the X Gate kaler,  resetting it. 
Returning the scaler tu I t a  reset s t a t e  
resets the Clock Gate Flip-Flop and stops 
the clock. Tnerefore, the, number of pulses 
i n  the Y train oormsponds to the second 
detector number involved in the coincidence 
pair. 
triggers p d s e  shaping cimuite; one(L) 
resets t h e  s h i f t  mgietsr and a mend one 

lgmsratea a "STOW" r>ulsst?) to the 'PUO- 
Warension& PulseHeight  Analyzer Hemwy. 

Resettiw the Glook Gats Flip-Flop 

'Phe "STdRE1f pulse tran3iaem the X 
and Y x=agi&m counts in the  ?ulee-Height 
Analyzer into the proper location of its 

,magnetic drum mry. During t h i s  mbs190p;ir 
storage t' ts, the Scanner input NAPIID1s rexrain 

1 blocked(~3Jll /m a safety weaswe, t o  prevent 

opening the input gates for the few 
~dcmseccjnds between rtsaetthg the Clock 
Gate Fl ip -F lap  and starting the "Dead Theff 
pu l se ,  the 10 psec s h i f  egistar rescat 

of the "Dead Time" pulse t h e  *Samer is 
able to accept 6. new input frcm the 
detectors.  

pulse is applied to €402 tY . Upon oompletim 

Data Presentation and Analysis 

The stored data in the Tm-Siaaansional 
Analyzer consisting of the nwbtpr of 
cohc ident  counts recorded in each pair 
of detectors, sorted h t o  X (horizontal) 
and 31 (vertical) coordinates, can be 
displayed on the analyzer oseiLloacope 
as an i n t ens i ty  modulated two-dimensional 
pap OF as count magnitude CUNW of the X 
channel5 for any selected Y. 
of wy selected group of Y channels m y  bg 
simultaneously dinviayed ver t i ca l ly  
displac od, 

The curvaa 

The most useful presentation for 
a n w i n g  the data and locat ing the tu4ior 
i s  t h e  X-'f map. 
deternine ampl i tudes  arld channel grol;?ings 
mre accwately i n  dctubtful regions, when 
necessary. 'Be display map int tansi ty  
moduJ.ation can be varied with t h e  scale 
factor switch in binary s t e p  %o permit 
aetting the threshold of visibility a t  
di f f erent  Isvela, 

The curves are used to 

Although actua l  tumrs behave: as 
extended wurces of midietion in an ab- 
sorbing Blediuta containing varying amounts 
of lower leve l  radiation, the tecfmiqus of 
locating tu&s may be illustr&ted by f i r a t  
observing the coincidence data patterns 
produced by a point source. %fer to Pig. 5.  

1. P o i n t  source in center: It is obvious 
that a pofnt source in t h e  center of t h e  
detector c i r c l e  w i l l  produce an equal n w h r  
of coincident counts in all opposite detector 
pairs. 
detectors apart, th3 coincidence pat tern 
w i l l  be a s t r a i g h t  l ine of constant 
difference,  Y-X := 16, plotted on Fit;. 6 8s 
curve 1. 

Since the op-psite pairs are 16 

3 -  



2 - [ mtsr 9-23: If all cobcidences are 
p 6 ' t t e d  on X-Y womiinates, curve 2 results. 
This  curve htemecter Curve 1, the line of 
coastant differences at only O A ~  point, 
X - 9 ,  Y = 25. 
source a t  3 inches irorrr center on the same 
dimeter. For both curves: 

Point s o m e  1.5 inches fm5 center on 

Curve 3 results f m  the 

if X < 9 ,  (Y-X) < 16 
and X > 9 ,  (Y-X) 16 

The d f m t e r  on which t h e  source is located 
l a  determined therefore by locating the 
counter pair f o r  which P-X = 16. The-distance 
of the wurce fmm the center of the circle 
may be detennind by observing the coordinates 
X, P: at which (Y-X) differs mat fmn 16. 
The locitfon of a point BOUPCQ in the scanned 
area f e  then dfatsnelned by the intereectfon 
of the radial line for (T-X) = 16 and a line 
deSfnrPd by any pair of coincidence deteabrs 
obtained Prom the coincidence curve. 
coincidence curve as ahown here appearis on 
the display mope of the Two-hensional 
Analyzer. 

The 

'phe X,Y eoincidmoe data provides a 
great deal of information 8 b u t  t h e  location 
and siee and ahape of the tumor. A point 
source c m  clearly be acuurstely located. 
Bn extended tmor can be located bg a sirailar 
analysis as long 818 the baokground level 
caused by radiation frm sprround3-rig brain 
tierme and blood is lozo enough to produce a 
contrast. A tumor of finite d e n t  will 
produce a b a d  on the display similar to 
that fmm a point source (Fig. 7) whose 
width is appmxbatsl$ proportional to the 
average diameter of the, tumor. 
w i l l  intersect the reference curve Y-X = 16 
over some region of aoordinates. 
of %hie fntemeetion W i l l  de tsmhe the 
-6 of the tuwr from the aenter of the 
head, anb the boundariera can be relsolved 
by obssrving at$ outer coordinates along the 
band en8 plotting these coincfdmce lines 
betmen the detectore. 

This band 

"he center 

me fallowing figures (8a to e) a m  
Polaroid photographs of the Two-Dinianaionsl 
halgreer rmp display for tisome artificially 
produced patterns o f  radioactivity. 
PP --re con- three photographs of the 
BL I dieplily, but w i t h  c o ~ t   ale^ of 

FiLgure ( S a >  shows Uie map d9sphy for 
t h m  s m l l  (U'4 inch dianreter) murce~  
located on the diameter bstruecsn d e t w t o r s  
9 and 22 at tho center and at dfstancersi 
of 3 inches on either side of emtar dkh 
no baekgrvtvnd radiation. These cosreapnd 
to curvm plotted in Pig. 6 .  

The s tra ight  line, P-X = 1, which 
appeam on all photographts for the l0.w 
count scale results f r o m  cslncidences 
betwen ad3aoent detectors c a m d  by the 
high energy single garztmss ernitted by b2* 
and the pmxidty of the detectors. TbiS 
w e l l  defined straight line, .together w t t h  
the, zero axes, outlines the useful data 
a m  of the display. 
are *wt u a e M  analytically since they ttazl 
nothing about the 50u1z.ce distribution, 

These coimidmoes 

It should bt3 noted that data for 
Y = 32 does mt appear on these pbtogmphs 
beciwss of the aelectfon of display scales 
available. 

f igu re  (a) Show8 the map display for 
the -e l/4 inch d i a w b r  g0uz-e~ l.n %he 
center m d  a larger source (about 1 1/2 
inches diameter) located 2 l/r, inches fmm 
canter toward detector 9 on the saae 
d i w t e r  aer in Pig. (h), w i t h  no back- 
gmund. 

Pigure (Bc) ahowe the sme C O n d i t i G I l 5  
as Fig. (Bb) but with a uniform backgmund 
radiation throughout the head area, 

Figure (€?d) s h o w s  the s w  conditions 
as Fig.  ( 8 ~ ) .  but with a t h i r d  l/L;$rch 
d i m e t e r  8ource (about L/3 the intensity 
of the larger one), located on a diameter 
frpza 1 to 17 (Zmnt to back xldlfne of head), 
a t  a distance of 3 inches P m  centesr toward 
detector 1. 
intersects the referonce aonscant difference 
line at  the XY coordimtee 1, 17, Since 
it is less active than the  larger w w e ,  it 
is not v i s ib le  on the hf3hest count male. 

The c w e  for this source 
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Figure (8e) illustrates t h e  k ind  of 
d&uotfons the& c m  be =de a b u t  the shape 
as w e l l  as location of t h e  tumor. Four 
Polaroid photographs of the coincidmae 
data produced by an appmxhataly e l l i p t i c a l  
t w r  between t h e  canter and i n t  3 of 

&re 8Mwn in a uniform bac'kgmund. 
of the band of X-Y data coincides with 
the straight l ine  Y-X = 16, indicating on 
which side of center the wurce is located. 

( X ,  Y = 9 ,  25)  indicating the major aials .  
Since the wfdth of the band is definitely 
smallest in the mgion of (X, Y = 9, 25). 
the source dimension perpendicular to this 
diaaeter I s  mailer t h a n  the dhetiaion f b n g  
tke dissneter. The width of the X-Y data 
band a t  the e x t r e m e s  indicate8 thc 

1 sppro-te length of the 8ourc% along 
the diameter (9, 25) ;  the number of 
coincident pairs in the region of ( 9 ,  25) 
indicates the dhemsion perpendicular to 
this diaseter, 

Fig. j with sca le  ranges of 2 7 through 2l0 
One edge 

%e band CrO8888 the reffeI.ence €At 

Thus. by acaudntng the characteristic8 
the coincidence data on the h t e n e i t y  

'anodulatad X-Y coordinate nap, a great deal 
' of inleolrrrateon abut the location, a i m  
and shape, of the source of radioactiviky 
can be readily obtained despite a high 
l e n d  of background. 

A study progxvm i p 1  b e h a  conducted 
to determine whether a mathetmatical solation 
af the problwii of converting the coincidence 
data ta a map of the radioactivit:, d i s t r i -  
button w i t h  maonable ermm is feasible. 
One such method treat6 each of the P; mea8 
w i t h i n  the head   here tE equals number of 
coincidence cumbination$ caused by the 
radioactivity within the head) as though 
it were the uvmp0n-t of an N dimensional 
vector. 
w#th sectars on to the space of coincidenee 
counts is 1Lnesr and consequently can be 
represented by W x K mtrix. Ip t h i s  
mtrix has a stable inverse it is then 
possible to convert the coincidence data 
u n & ~ ~ u s l y  to a map of the radioactivity 
i 

The napping fmm the epace of 

!pibution using 8 simple computez. pmgrm. 

The inverse opraation is degraded by 
statistical and sptew. variation8 i n  the 
coincidence c o m t s .  It is too soon t . ~  
t a l l  t&aUsr this m i t h a w t i c s 1  approaoh 
will prove to be practical. It is also 
F a s i b l a  that other  mdes of display w y  
be advantageous. 

1. 

2. 

3 .  

4. 

5. 

S .  A r a m w  and G. L. Elawne l l ,  "Ar. 
Appamh8 for Brain Tumor Umalization 
Using Positron-fiXtting Isotopes, 
IR?3 Convention Recod, Vol. 4, 
Part 9 : 8 ,  (1956) 

Computer Control Ca, , Framingham, .Mise,. 
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F i g u r e  Captions 

1. 

2. 

3. 

rc. 

5.  

6 .  

7. 

8a-e. 

Positron coirnoidguzce scanning with t w o  detectors 

PoPlitmn coincidence sc!anning w i t h  detectors arranged in ttn, planes on 
w h  side of the head 

Positron cohoidence a c m l n g  with 32 detectors arranged in a oircle 

Block diagram of coincidence detector pair coding s y a t m  

Poaltions of t e s t  s o ~ e s  For Pigs. b and 7 

X-Y coincidence, patterns derived f m m  point 80u~cep3 at  positions 1 through 
5 on Pig.  5 

X-Y coincidence pattern for point soume at center (1) and for 1.5 inch 
diameter source located between points 2 and 3 on Fig. 5 

(a) Three point S O U T C ~ S  located on diameter between detectors 9 
and 25, o t  points 1, 3 and 5 of Fig. 5 

(b) Point s o w e  at 1 and larger source between points 2 and 3 
of F i g .  5 

(c )  as (b) but uith uniform hsad bac'kgmmd 

(d) Same as ( c )  but utth third source (point) located three inches 
toward front of head on front to back centerline 



FIG. I 

FIG. 2 
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