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Summary

A system will be described which makes
use of positron emitting isotopes for _
locating brain tumors based on the method
developed by Swaet, Brownell and Aranow,l»2,3
This system inherently provides more infbrumr
tion about the distribution of radiocactivity
in the head in less time than existing
scanners which use one or two detectors. A

' stationary circular array of 32 scintillation -
detectors scans a4 horigzontal layer of the

head from many directions simultaneously.

The data, consisting of the number of counts
in all possible coincidence pairs, is coded
and stored in the memory of a Two-Dimensional
Pulse-Height Analyzer.A A unigue method of

- displaying and interpreting the data will be
" deseribed which enables rapid approximate

asnalysis of complex source distribution
patterns.

Introduction

For a number of compounds, the rate of

uptake by brain tissue 1is slowsr than the rate
of uptake by muscls tissue or by certain types
of tumor tissue. Thus, after intravenous
injection of labeled compounds, the radio-
activity may be highsr temporarily in brain
tumors than in surrounding healthy brain
tissue. This phenomenon has been used to
locate tumors in the head. The technique

is' difficult because the tracer level in

the blood astream and in muscle tissue is
comparable to that in the tumors; the

activity ratios are small and the effect is
transitory. The scanning has heretofore been
done with one or two detectors so that it

has taken a long time to accumulate data

even when relstivaely large amounts of tracer
have been injected.

-, Sweet, Brownell and Aranowt 2+3 have
v..d positron emitters as the radioactive
tracers. An emitted positron gives rise,

through an annihilation reaction, to two
0.51 Hev gamma rays which are emitted in
opposite directions., When dstectors are
placed on opposing sides of the source, a
coincidence indicztes activity within the
eylindrical space connecting the detectors,
This has several advantages compared with
the use of a single gamma collimated
detector, e.g. improved resolution and
insensitivity to background single gamms
radlation without the necessity of large,
heavy shielding and collimating structures,
The current work is an extension of this
technique, making uss of a multiplicity

of detectors. This report covers four
aspects of this development: 1) factors
affecting arrangement of detectors,

2) electronic circuits for counting
coincidences, 3) relating output data

to asctivity distribution in the source,

L) preliminary results. The instrument

is built and has been tested with arti-
ficially produced radiation patterns. It
has yet to be tried on human patients,

and the best method of analyzing and
presenting the data has not been determined.

Arrangement of Detectors

Positron coincidence scanning with two
detectors is illusirated in Fig. 1. The
detector pair is scamned slowly up and down
and forward and back registering the
coincidence counts produced by positron
annihilation gamma rays on a projection map
of the head. A serious disadvantage of this
kind of projection representation, also used
with the single gamme scanning technique, is
the distortion of the recorded radioactivity
pattern which can result. In cases of

# This work was done under the ausplces
of the U, 3. Atomic Energy Commission,
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r-“tiple tumors, the projections can be mis-
1 .ding even when two projections from
different angles are taken.

Additional detectors are desirable to
provide more information about the radio-
activity pattern with greater speed, i.e. by
simultanecusly scanning from many directions.

One possible configuration is shown in Fig. 2

with the detectors arrmanged in two planes
on each side of the head. The number of

coincidences aquals(ag_) 2. where n is the

total number of detectors. This arrangement
is more sensgitive to counts at the center
of the pattern than at the top and botitom,
and some of the detectors are farther from
the center than others. It was finally
decided to arrange the detectors in a circle
as shown in Fig, 3. The syatem has 32
detectors with 1 1/4 inch diameter by 1 inch
deep Hal crystals arranged in a 15 inch
diameter circle. Figure 3 shows the
sensitive areas which intersect ihe head,
for the coincidences between detector No. 1
and the opposing detectors. The head is,
therefors, "scanned" simultaneously from
each detector resulting in 9 to 11 peths
through the head producing coincidences for
aach detoctor. An average head will produce
about 170 to 180 coincidence combinations,
This ring will take data in one plane and
will be moved in 10 steps along the vertical
axis of the head to obtain three-dimensional
data,

Coincidence Pair Counting System

In addition to the detector counting
assembly the system includes:
ecircuitry which counts coincident pulses
between any pair of detectors and codes
the data in a form suitable for storesge in
2) a Two-Dimensional Pulse Height Analyzer
memory.h

The detectors are numbered from 1 to 32
sequentially around the circumference.
The coincidence counting system, using
standard Computer Control Co. "S~Pacs"?
and compatible laboratory-built circuitry,

1) coincidence

N

examines each event, rejecting single
counts and multiple coincident counts of
three or greater, and finally codas the
two detectors in the pair for memory
storage. The lower number detector is
coded in a train of pulses eqgual toc its
assigned number and stored in the X memory
of the Two-Dimensional Analyzer. The
higher number detector is simultansously
coded into another pulse train egual to
its assigned number and stored in the Y
LemoTY.

Referring to the system block
diagram (Fig. 4), each of the 32 detector
amplifier outputs drives one input of a
2 input NARD circuit which in turn sets
one stage of the 32 stage shift register.
The other input is a gate common to all
32 input NARDS which cen prevent setting
of the shift register during analysis of
an event.

When the input gate is open, a?i
single or multinle coincident event ) can
set the appropriate shift register sta%e?
in perallel. The Clock Gate Flip-Flop B
is set by the switehing of any shift
register stage through the 32 fold "OR"
circuit, T?e input RAND gate closes
immediately R) preventing acceptance of
any more detector pulses until completion
of the analysis. The Clock Gate Flip~Flop
triggers Pulse Shaper(C) which i?hibits
for 10psec the start of the gatelF) to
the Clock Multivibrator{G), During this
delay period, the states of all 32 stages
of shift register are examined in parallel
to determine whether the event was a single
or a multiple coincldence. JSince only the
coincidence pair of 0.51 Mev amnihilation
gasmas is of interest in this scan, the
analysis of singles and all other multiple
coincldences are prevented. The three
standardized outputs from the coincidence
analyzer, indicating the nusber of switched
shift register stages, are converted in the
logic HARD-ROR e¢ircultry to a standard one
or zero level voltage(D); logic zero (O volt
represents a coincldence pair, and logic one
(-6 volts) represents a single or triple or



‘zher order coincidence. This voltage is

- gated in a 2 input NARD by a standard C.6 psec

pulse(E) at the end of the 10 psec clock
. gate inhibit pulse.
! result in a closed gates.
 opens the gate and permits the pulselZ) to

A coincidence pair will

Any other ?gndition

' trigger & delay multivibrator which generates

©a 10 usec pulse(L
| register, all flip-flops, and open the input

to reset the shift

| gate.

The coding of the 2 detectors involved

' in a coincident pair proceeds by gating "CH"

' the free-running Clock Multivibrator after

o the 10 usec logic delay psriod.
pulses(G

Shift
are generated at about 600 ke,
Thease shift pulses appear simultaneously
at the I end Y cutputs untll the X Gate
Scale~of~two is set(%K), 4 0.6 usec delay

'in triggering this scaler permits the last
. X pulse to appear at M.
I pulses required to change the state of the
'No. 1 shift register equals the lower
‘detector number involved in the coincidence
. pair,
. ' gates through & clock pulse(I) to trigger
.the X Gate Scale of 2,
... appesr simultaneously at the X and Y outputs
‘until the X Gate scaler is set, inhibiting
i the X output.
until the Ho. 1 shift register stage again

The number of shift

The Wo. 1 shift reglster stage(H)

The shift pulses

The shift pulses continue

. gates through a second clock pulse to

trigger the X Gate Lcaler, resetting it.

.tﬁineturning the scaler to its reset state

' resets the Clock Gate Flip-Flop and stops

. the clock.
..in the Y train corresponds to the second

Therafore, the number of pulses -

detector number involved in the coincidence
palr. Resetting the Clock Gate Flip-Flop.
triggers pulse shaping circuits; one(L)
resets the shift register, and a second one
generates a "STORE" pulsazP) to the Two-

%Dimensional Pulse-Helght Analyzer Memory.

The “STURE" pulse transfers the £

gand,Y register counts in the Pulse-Height
Analyzer into the proper location of its
' magnetic drum memory.
| storage time,
blocked(Ri?

!
!

During this memory
the Scanner input RAND!s remain
As a safety measure, to prevent

Pl e
o
1

opening the input gates for the few
microseconds between reseiting the Clock
Gate Flip-Flop and starting the "Dead Time"
pulse, the 10 psec shif% §egister roset
pulse is applied to NOR\R), Upon completion
of the "Dead Time" pulse the Scanner is

able to accept & new input frum the
detectors,

pata Presentation and Anglysis

The storsd data in the Two-Dimensional
Analyzer consisting of the numbar of
coincident counts recorded in each pair
of detectors, sorted into X (herizontal)
and Y (vertical) coordinates, can be
displayed on the analyzer oscilloscope
as an intensitiy modulated two-dimensional
rap or as count magnitude curves of the X
channels for any selected Y. The curves
of any selected group of Y channels may be
slmultaneously displayed vertically
displaced.

The most useful prasentation for
analyzing the data and locating the tumor
is the L-Y map. The curves are used to
determine amplitudes and channel groupings
rore accurately in doubtful regions, when
necessary. The display map intensity
modulation can be varied with the scala
factor switch in binary steps to pemmit
setting the threshold of visibility at
different levels.

Although actual twmsors behave as
extended sources of radiation in an ab-
sorbing medium containing varying amounts
of lower level radiation, the technique of
locating tumors may be illustrated by first
observing the coincidence data patierns
produced by a polnt source. FRefer to Fig. 5.

1. Pecint source in center: It is obvious
that a point source In the center of the

" detector circle will produce an equal nuwber

of coineident counts in all opposite detector
pairs. Since the opposite pairs are 16
detectors apart, the coincidence pattern
will be a stralght lins of constant
difference, Y-X = 16, plotted on Fiz. 6 as
curve 1.



2 .. Point source 1,5 inches from center on
. _meter 9-25: If all coincidences are
plotted on X-T coordinates, Curve 2 results.
This curve intersects Curve 1, the line of
constant differences at only cne point,
X =9, Y =25, Curve 3 results from the
source at 3 inches from center on the same
diameter, For both curves:

ir X <9, (¥-X) <16

and £ >9, (T-4) >16
The dismeter on which the source is located
is determined therefore by locating the
counter pair for which I-X = 16, The distance
of the source from the center of the circle
may be determined by observing the coordinates
X, Y at which (Y-X) differs most from 16.

. The locztion of 8 point source in the scanned

area is then determined by the intersection
of the radial line for (Y-X) = 16 and a line
defined by any pair of coincidence detectors
obtained from the coincidence curve. The
eoincidence curve as shown here appears on
the display scope of the Two-Dimensionsl

:’Analyzer.

fhe I,Y ecinclidence data provides a
great deal of information sbout the location
and size and shepe of the twmor. A point

l.aource can clearly be accurately located.

 An extended tumor can ba located by a similar

. contrast,
| produce a band on the display similar to

analysis as long as the background level
caused by radiation from surrounding brain
tiseue and blood 1s low enough to produce a
A tumor of finite extent will

. that from a point source (Fig. 7) whose
 width is approximsately proportional to the

aversge diameter of the tumor. This band
will intersect the reference curve Y-X = 16
over some reglon of coordinates. The center
of this intersection will determine the

angle of the tumor from the center of the.
head, and the boundaries can be resolved
by observing the outer coordinates along the

. band and plotting these coincidence lines
. between the detectors,

The following figures (3a to e) are
Polarcid photographs of the Two-Dimensional
Analyzer map display for some artificially
produced patterns of radioactivity. Each
f4 ~re contains three photographs of the

' 8u_ s display, but with count scales of

27, 28, 29, The positron emitting isotope

used as the source of tumor and background
radiation is Haz~,

Figure (8a) shows the map display for
thres small (1/4 inch diameter) sources
located on the diameter between detectors
9 and 25 at the center and at distances
of 3 inches on either side of center with
no background radiation. These correspond
to curves plotted in Fig. 6.

The straight line, Y-X = 1, which
appears on all photographs for the low
count scale results from coincidences
betwsen adjacent detectors caused by the
high energy single gammas emitted by Na?2
and the proximity of the detectors. This
well defined straight line, togsther with
the zero axes, outlines the useful data
area of the display. These coincidences
are not useful analytically since they tell
nothing about the scurce distribution,

It should be noted that data for
Y = 32 does not appear on these photographs
because of the selection of display scales
available,

Figure (8b) shows the map display for
the same 1/, inch diameter source in the
center and a larger source (about 1 1/2
inches diameter) located 2 1/4 inches from
center toward detector 9 on the same
diameter as in Fig. (8a), with no back-
gyound.

Figure (8c) shows the same conditions

‘a3 Fig. (8b) but with a uniform background

radiation throughout the head area.

Figure (8d) shows the same conditions
as Fig. (8¢c), but with a third 1/4inch
diameter source (about 1/3 the intensity
of the larger one), located on a diameter
from 1 to 17 (front to back midline of hsad),
at a distance of 3 inches from center toward
detector 1., The curve for this source
intersects the reference constant difference
line at the XY coordinates 1, 17. Since
it is less active than the larger sourcse, it
is not visible on the highest count scale.



] Figure (8e; illustrates the kind of

! deductions that can be made about the shape
: as well as location of the tumor. Four
 Polarcid photographs of the coincidence

The inverse operation 1s degraded by
statistical and system variations in the
coincidence counts. It is too soon to
tell whather this mathematical approach

' date produced by an approximately elliptical
. tumor between the center and goxnt 3 of
2

' Fig. 5 with scale ranges of
. are shown in a uniform background.
. of the band of ¥-Y data coincides with

' the straight line Y-X = 16, indicating on

- which side of center the source is located,
. The band crosses the reference line at

through 2%

A study program is being conducted

| to determine whether a mathematical solution

of the problet of converting the coincidence

i

‘ data to a map of the radioactivity distri-
. bution with reasonable errors is feasible.

One such method treats each of the N areas
within the head (where K equals number of
coincidence combinations caused by the
radicactivity within the head) as though

it were the component of an N dimensional
vector. The mapping from the space of

guch vectors on to the space of coincidence
counts is linear and consequently can be
represented by @ N x N matrix. If this
matrix has a stable inverse it is then
possible to convert ths coincidence data
unambiguously to a map of the radioactivity .

§ ¢ Yribution ueing & simple computer program.

Une edge

will prove to be practical.

It is also

possible that other modes of display may
be advantageous.
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Figure Captions
1. Positron colncidence scanning with two detectors

2. Positron coincidence scanning with detectors arranged in two planes on
each side of the head

3, Positron coincidence scamning with 32 detectors arranged in a circle
4. Block diagram of coincidence detector pair coding syatem
5. Positions of test sources for Pigs. 6 and 7

6. X-Y coincidsnce patterns derived from point sources at positions 1 through
5 on Pig. 5 v '

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

8a-e. Photographs of Two—Dimengionsl Analyzer map display. Count scales
(top to bottom) are 27, 2% 27 Ppoint source used is 1/4 inch diameter
(a) Three point sources located on dismeter betwsen detectors 9

and 25, at points 1, 3 and 5 of Fig. 5

(b) Point source at 1 and larger source between points 2 and 3
of Fig. 5 )

(e) Same as (b) but with uniform head background

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

(e) Point source at 1, and approximately elliptical shaped uniform
- source in field of uniform head background; long axis of source
is on 9, 25 diameter. Fourth photo taken with 210 oints full scale.
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