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INTRCIOUCTION

)

o some time we have had under development a multi-detector positron
canner for use in locating brain tumors. A previous progress report
s preseated at the 1962 IBM Medical Symposium (1), and the basic
evice has been described by Rankowitz et al. {2).
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Seiedly, the princizie of the device is as follows. In the annihilation
¢! a positron, or 4 T, two gamma rays, each of 0,511 MeV, are
emitied in opposite directions. Such an eventi may be detected with

two gamina-ray counters connected in a coincidence circuit. Since
there arc positron-emitting substances that tend to localize preferentiaily
in brain turors (3, 4), this method can be, and is being, used to locate
sraln tamors. However, scanning with only two detectors takes about
40 minutes time, and at least two such scans are needed for three-
raensional localization. It was thought that if a multi-detector device
cowad be developed, the scanning time would be greatly shortened, with
such consequent advantages as being able to work with lower doses of
-zdiation, to obtain serial determinations, and to work with shorter-

iived isotopes.

It was originally thought that a three-dimensional distribution of the
detectors could be used, giving a complete picture of the distribution

of positron activity in a single set of counts. However, the mathematical
ciificulties encountered in resolving the data generated by such an array
led to a partial compromise in which 32 one-inch diameter Nal crystals
are arranged in a ring, as shown in Slide 1. This device therefore sees
only a laminographic-type section of the head about 2 cm thick, and

. several sets of counts are needed to scan the entire head. Even so,

[N

“ne procedure is much shorter than when only two detectors are used.

iathemeaticzal Considerations

e data obtained with any given pair of detectors are the sum of all of
:ne counts that originate in the volume ''seen' by that pair, modified by
ine geometry factor and other factors that affect the crystal's efficiency.

(Siides 2 and 3.) At the time of the previous report (1), it had been hoped
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LEGAL NOTICE
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. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, compl or ful of the information contained in thig report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission’’ includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such empioyee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information pursuant to his emaployment or contract
with the Commission, or his employment with such contractor,

-at inormartion giving the distribution of activity could be obtained by

solvinz a system of simultancous cguations, with the volume of interest

joas

IviGed into the same number of elements of volume as the number of

uscful counter pairs. The simultancous ecguations method proved to be
imuoraciicable, however, and other approaches were tried. Of the scveral

hes, only the one developed by Dr. Bozzo has been tested

: c
ciinicaily and it will be cmphasized here. This method is described as

in order o analyze the data, a mathematic
which the computer program for solution a

basaed.

a
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1 model is developed, upon

d for display of the results is

The rmodel will involve only a planc of interest, the limits of which will

be the circle defined by the detector array.

Within this plane

1 a
wnere Ac is the activity at the point i, j.

The total activity within the plane will be

n
Total Activity = z
i

o
=

J

Acli, j)

ny point can be represented by an expression Ac(i, j)

Where noand 2 represcent the upper limits of the arca undcer consideration

T
expressed in the incremental units L for n, and m for p.

The complete distribution of activity in the plance can be represcented in

ceneral form by the matrix

1 Ac{L, m)

. Ac(n, F )

O U — |

n order to choosc appropriate values for the limits n and p, as well

i

as the practical values for L and M, we study the different sectors defined

by various pairs of counters.

In Siice 4 we can sce different sectors defined by randomly chosen

f we immzose some conditions on the pair ordering such as a particular

number of detectors apart, then we obtain several scts of counter pairs

with some particular sector defined by cach sct.



Siide 5 iilusiraies some of the sectors generated by considering different

Ry senerzlizing this condition, we can otizin 16 unique sets of pairs,
& o

o
cach orne dedining a particular secior of the piane in our model. This
o} e b

h

e expressed by:
N=M+1—> N=MM+16

where M is any detector subscript {i---32)
and N is any coincident detector subscript (1---32)

The different sectors defined by the 16 sets are 15 concentric rings and
o circle with zero radius at the center of our model,

Zn orcder to obtain a further division in the individual rings, we now
analyze now a paviicular sector of a given ring is represented in a

set of pairs.

Ls we can see in Tigure 6, the condition
— ~ - Y
2N, N+9) = P(N+1,N+10) where P{n, m) represents the counts

t]
in the nair (n, m) is only satisfied by a single source if it is located in a
ring and within this ring in a pavrticular sector.

From here we can Gerive the necessary conditions that will aliow us to

represcnt locations of sources at 32 points within cach ring. Also from

tne preceding considerations we can derive two constants in our system:

ay that the data contain at least 16 sets of counter pairs, cach one
rclated to a particular sector of the plane,

oy that cach set contains 32 elements, each one related to a par-
ticular secior within a ring.

Turthermowe, the relation between the sectors defined by the differen
ets is an additive onec.

u:
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i D (n,m)
L- —
where n=i~--32
and m=n+ Kk
with k=1l---16

The data mairix will contain some particular properties that will be
aseful in the reduaction and solution for unknown distributions.

The different columns will contain data related to particular con-
cenirics circles of the plane. A special case will be the onc where
fhe location of the source is in the center of the plane. The follow-
ing results (Slides ©,7,8) show the relation between predicted and
actual data in such a case.

-\
ay

Since the sectors formed by the counter pairs represented by the equations

/N = M+l)

M = 1,32 -

\N = M+4.

T

do not actually cover the model as seen in Slide 9, we can reduce the

FoL

data matrix to one of order 32 x 12,

The data observed by the detectors represent some distribution
of aciivity within the model after undergoing a linear transformation by

D = T.‘Au
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Furthermore, the observed data can be represented as a linear combina-
won of known libraries.

; 12 z [; ' 1
iData m,n | = Z z A L d
i | m, n m,n |
n=1 m=1 i
wnere L is the mairix represeniing the efiiciency factors of the

detectors with respect to the coordinate position {m, n) in the model.

Iy

Thne A{m, n) values are the multiplicative constants associated with the
various iibraries which are found to be contained in the data A{m, n) times.
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: ooy = A L. i [N 111 and j.
‘Dzj, -Ll .4,1 ij { i_}!_}<\ or all i and j
\ ' 3= 1=

The resulting matrix [ A. 2 then represenis an activity matrix which is

reiatec to the initial distribution within the model.
| i
{ - — t
HVAN . ~~ { AC 1. f
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1 outputl from the scanning device is on paper tape and
trnesc data alier a siraight conversion to magnetic tape are input to the
ram. The data are in a form in which the counts deiected

!

aciivity within the volume subtended by the pair as well as any random
coincidence counts.

Use is made of a master library which contains individual distributions for
384 symmeirically-distributed point sources across a horizontal cut of a
model head.

€3]

ince the physical radius of the scanning device is larger than the
verage head, a finite volume which is relatively free of any concentrated
ctivity is introduced, a covering of which is obtained by considering

wop

nose counters which are five or less apari. Thus the counts observed by
counter pairs defined by the egs. M =1, 32, N=M~+ 1, ..., M=1, 32,
N = M + 4 can be ignored since they are not related to any real distribution

ot




ol aeiivit wi not those s‘ar:.ng with W = 1, 32, W=23+ 85 whic

ol LTULVRTY, Yot

felined volumes of the head, (See Figure 7.
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sepresenis the acilvily as scen by counters {1,
Cae acilvivy seen by counters {32, 5). Coluran two represents the

rary mzirices is of order 3Z x 12 where position (I, 1)
6) and position {32, 1)

ecuivity seen by counters {1, 7), {2,8) ... {32,0). Column twclve

i ey e aem e 3 10N A
TeLresenly \., i7;, {2,318, ... {32, 15,

orce‘~cc in the same way as the library matrices arc
and correciing for the reiative cificicncy of
relative cfficiencies are derived frova the actual
2 source point placed at position (0,0}, This
caily prior to the actual scanning for that day,
oritrm is anplied., It procceeds from the out-
ihead and works toward the ceater.  The highest activity
ac divet column is noted in the data, and a comparison heitween iac

cavz and (ne liovary associated with that (i, j) position in the datz rmateix
Ge.  The smaalliest non-zero ciemeoent and its \1,_,) ‘,osnmn after a
ne-to-cne ratio has been fourd ave sct aside in the (i, J“'“ position of
This procedure is vepeated until the entire
processced. The activity mairix at this goint represents

sources in the cutermosi disc of the model.

hoCiotrivution is the result of comsidering z uvniform point source
o

[ S =;osi't~'on within the raodel. Then 384 (i, j)
- Jomir.g the couater pairs i = 1, 32,

ZOinls sC chiosen were decided unon, since they afforded

-GC Lourge v s
- wias mrecad T et e s - Tl o -, «l 5 -
LosydLonCueic distribetion with 2 heavy counceniration as the cexnter w

su
source of a.C-AV:L were placed
3 the model., Siace we
we expect gavama rays
on to result, Thus we exnpect thai, for a source
sodel, .He probability of detection by couniers

cne fou the nairs '1 17 !2 A WR
e Ior ke irg sy \ .LO,; eec.
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icduzal Cl'“ ta inat ave related to

znd possiscly countains some infor-
r3aviocn aboul sources not covered by our library.
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Siace e iaitial libraries were generaled by considering the eifects of
unilorm point sources, our activiiy matrix redresents the input data in

terrmis o1 known point sources and thaelr constant multipliers.

Cilnical Results

In cooperation with Dr, W, Sweet and Dr. S. Aronow at the Massachusetis
Coneral Hosnital in Boston, a series of patients th symptoms oif intra-

wi
cranial .esions were scanned 2oth by the standard two-detector method anc

with tne mulil-detector scanner.

seniavive patients is shown in Figures 4, 5, and 6. The conventi i 3cans
cre saown in the upper ntalves of Fligures 4 and 5, and on the left in Figure

ne multi-detector results depict the distribution of activity in the plan

lacicaved oy letier pairs (A, A') in the coaventiconal scans.

2%
@}
t

1

ight of the pyramids is pro;

f activity above the cut-off level at the location

C
3
<
1
@]
o'
m
w
0]
O
[
i
-
e
b
G
g
Lo
o
»
,
e
[

4
3
U.
{.
3
¢
o

)

a pat;ent Witii a tumor

incicates a more nomogeneous distribution,

n Tigure & a tumor in the right patietal lobe is clearly shown in the con-
ventional scan., The two planes scanned by the multi-detector method

LSracket the affected volume, but the localization is indicated in the A
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The figures shown of the clinical resultis are an attempt to translate tae
maihemaetically-derived resullis into a display that is immediately meaningiul
In this process zil values more than a selected ratio beiow the
reeded to determine the optimal
tne

Further work is
are deing considered. In any event,

Lo ne surgzeon,
LK value ssed.
h

cti-oll, and other forms of diso
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ble 1or comparison,

ctual numerical values are availa
Another somewhat different mathematical approach has been develoned
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ing
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Papeq:

not available in time for proces
with it cannot be discussed.
A given chora

cus {5) and programmed by N,

LYy 5.D.
Maihematics Division, This program was
iiniceal data reporied here, so resuits
melnod may, however, be described very brieily as follows.
wo counters, i and j, is characierized by a unit normal vector,
The viewpoint is adopted

i, j; ccunnecting t
X [3), anc a (signed) distance, », from the cente
it the actually observed counts C (i, j) are a sampling of a continuous count
A Fourier series is used in an interpolation procedure to
A finzal integration provides the
aisviayed

ivnciicn C (2, 6.
consiruct the reguired continuous function,
field of weighted lattice points which may be

E czlculation of a
s intensity variations on an osciilographic screen.
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Figure 1:

-640-

Multi-detector positron scanner as used for locating brain
tumors. The 32 Nal crystals are in one plane, but the photo-
multiplier tube assemblies are alternately horizontal and
vertical to permit close packing.
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e 2: Schemadtic relationship betweer. brain tumor, detector array,
and coincidence recording equipment.
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MGH - E.R 3/26/64

PATIENT
DTPA - NCARMAL

Cu64
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r injection of Cu  DTPA in a normal subjece,
mulii-detecior

4: Scarns taken
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PATIENT MGH A.S. 8/256/64
Cu®% DTPA - TUMOR

] 64 .
igure 5: Scans taken after injection ofi Cu  DTPA in a patient wita a

che tumor. The ccnanventional scans were taken 1

frontal

hour affer injection; the muiti-detector ones 24 hours later.
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Scans taken aiter injection of As in patient with a tumor
in the right parietal lobe. {I hour afterwards for conventional,
leit, anc 24 hours afterwards for multi-detector, right.)
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fuiti-detector laminal bracket the tumor, but localization
is shown in the "A'' section.




