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(54) RADIOISOTOPE SCANNERS 

(71) We, NATIONAL RESEARCH 
DEVELOPMENT CORPORATION, a 
British Corporation established by Statute, of 
Kingsgate House, 66—74 Victoria Street, 

5 London, S.W.I., do hereby declare the in-
vention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu-
larly described in and by the following state-

10 ment: — 
This invention concerns radioisotope 

scanners and more particularly of the general 
form described in a paper entitled 'The 
Hybrid Radioisotope Scanner' by Thomas P. 

15 Davis and Ronald J. Martone and published 
in the Journal of Nuclear Medicine (7:114— 
127, 1966), 

In such a scanner the distribution of radio-
isotope tracer activity across a subject is 

20 sensed and mapped by way of a rod-like 
detector. This detector takes the form of an 
elongate scintillation crystal having a pair of 
photomultiplier tubes at respective ends of 
the crystal to effect sensing along the crystal 

25 axis and represent transverse scanning, while 
longitudinal scanning is represented by rela-
tive movement between the detector and the 
subject. 

Clearly, it is desirable that the crystal be 
30 as long as possible, within the obvious limits 

of maximum subject size, since the crystal 
length determines the transverse dimension 
of the scanned area. However, the cost of a 
long, single crystal suitable for this purpose is 

35 high relative to that of other parts of the 
scanner. 

An object of the present invention is to 
reduce this difficulty and, to this end, it is 
proposed that the detector comprise a plura-

40 lity of scintillation crystals packed in sequence 
in and along the longitudinal axis of a com-
mon elongate housing. 

The proposed multiple crystal assembly can 
also be advantageous in facilitating the pro-

vision of optimum detector characteristics. A 45 
significant factor in this connection is that of 
attenuation along the axis of the crystal, and 
it can be shown that optimum characteristics 
involve axial attenuation such as to make the 
product of the decay factor and crystal length 50 
equal to four. In practice, it may be difficult, 
and therefore even more costly, to produce a 
single crystal of a required length and having 
this preferred attenuation. However, the 
attenuation which necessarily arises at the 55 
interfaces of the present multiple crystal 
assembly can assist in attaining the preferred 
overall attenuation. 

Further description of the invention will be 
given with reference to the accompanying 60 
drawing which schematically illustrates an 
exemplary embodiment of a radioisotope 
scanning apparatus according to the inven-
tion. 

The illustrated apparatus comprises a table 65 
1 whereby a prone subject 2 is supported and 
translated longitudinally over a scintillation 
detector 3. The table can itself be supported 
and driven in any suitable manner to facilitate 
this translation, such as by support of the 70 
table on wheels 4 in tracks 5, while the table 
is provided with rack 6 along one side en-
gaged by a pinion wheel 7 driven by an elec-
tric motor 8. 

The scintillation detector 3 involves a rod- 75 
like scintillation crystal assembly 9 having 
photomultiplier tubes 10A and 10B at res-
pectively opposite ends thereof and mounted 
in a housing 11 of radioactive screening 
material with a collimation inlet channel 12 80 
of generally slot form located transversely 
below the table and leading to the crystal 
assembly. 

The crystal assembly is formed with a 
plurality of scintillation crystals 13 packed in 85 
sequence in a common container 14 having an 
optical window 15 at each end facing the 
tubes 10A and 10B and another elongate 
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window 16 along the side of the crystal 
assembly facing the collimation channel 12. 
The container 14 can also have a lining (not 
shown) of optical reflective material on its 

5 inner side surfaces, but not of course over 
the windows, while the crystals have a paste 
material (not shown) at their interfaces to 
enhance the optical coupling therebetween. 
The container 14 can also provide cavities to 

10 house the tubes 10A and 10B securely adja-
cent respective ones of the end windows 15. 
Lastly, the container 14 is sealed against 
ingress of moisture. This is particularly rele-
vant to the use of sodium iodide crystal 

15 material which is hygroscopic. 
It is useful to mention at this point that 

such a crystal assembly of about fifteen inches 
effective length has provided satisfactory 
results in a prototype scanner, this assembly 

20 being made up of thirty two-inch-square, half 
inch thick sodium iodide crystals coupled 
with a thixotropic paste in an aluminium 
container with a "Mylar" (Registered Trade 
Mark) reflective lining and sealed with a 

25 silicone rubber compound. 
In any event, the subject is translated across 

the detector by movement of die table in a 
longitudinal scanning action and the distribu-
tion of tracer activity in the subject is de-

30 tected in a transverse sense by way of the 
crystal assembly and photomultiplier tubes. 
Thus radiation from tracer sites in the sub-
ject passes through the collimator channel and 
gives rise to scintillation events in the crystal 

35 assembly and these events are transmitted to 
the ends of the assembly where they generate 
pulses in the photomultiplier tubes which 
pulses have a summed strength determined 
by that of the causory radiation and relative 

40 strengths at the two photomultipliers indica-
tive of the transverse position of originating 
event. The longitudinal position of the 
originating event is, of course, indicated by 
the position of the table at the relevant time. 

45 The processing of the photomultiplier pulse 
data and table position to provide signals 
suited to mapping display and/or recording 
is carried out in a generally similar manner 
to that described in the above-mentioned 

50 paper. However some advantageous differ-
ences are adopted as will be appreciated from 
the following discussion of the remaining parts 
of the drawing. 

The remaining parts of the illustrated 
55 apparatus comprise a cathode ray tube 17 

which is controlled to provide a mapped dis-
play of the detected events. This display is 
controlled in a vertical sense to represent 
the longitudinal scanning action of the table 

60 and for this purpose a suitable Y-deflection 
voltage can be obtained in response to the 
rotational position of the motor 8 by way of 
a potentiometer 18 or other suitable trans-
ducer device coupled therewith. 

65 The display is controlled in a horizontal 

sense to represent the transverse position of 
detected events and it is also controlled so 
that only events of energy level above a pre-
determined value give rise to a display. For 
this last display control function the photo- 70 
multiplier tube pulse outputs are applied 
through respective pre-amplifiers 19A and 
19B to respective linear amplifiers 20A and 
20B and thence to a summing function circuit 
21 to provide a signal representing the energy 75 
of an associated event substantially independ-
ently of its transverse position relative to the 
detector. The relevant sum function is not a 
simple arithmetic sum but a function of this 
sum and the geometric mean of the photo- 80 
multiplier outputs. More particularly, it is 
preferred that the overall summing function 
be of the form 

(VA+V,0+ICVVA.VB 

where VA and VB represent the respective 85 
photomultiplier outputs and K is a constant 
greater than unity and selected in depend-
enc upon the detector characteristics. 

This choice of overall function arises from 
the fact that the progressive attenuation along 90 
the crystal sequence from a scintillation event 
to the photomultiplier tube scintillation de-
tectors is, in theory, loagrithmic. It can be 
shown that, in these circumstances, the energy 
level of the event is represented, independ- 95 
ently of its position of origin, by the geo-
metric mean of the two photomultiplier time 
signals. However some error arises in practice 
relative to this ideal situation as a result of 
end effects and the arithmetic sum compo- 100 
nent represents a correcting factor. The rela-
tive weighting between the geometric mean 
and arithmetic sum components is illustrated 
by noting that, in the prototype having the 
particular detector crystal assembly referred 105 
to above, K was selected as a value of about 
three. 

Anyway, the summing function circuit out-
put is applied to a pulse height analyser 22 
which provides an output in response to 110 
events of appropriate energy level to serve 
as an unblanking control signal U at the 
cathode ray tube 17. 

The remaining control for the tube 17 is 
the X-deflection voltage and this is obtained 115 
by comparison of the photomultiplier tube 
outputs in a logarithmic converter 23 which 
provides a log (VA/VB) function. The photo-
multiplier tube outputs are not applied 
directly to the comparator, but are first sub- 120 
jected to pulse lengthening in respective cir-
cuits 24A and 24B. Also, not all of the 
photomultiplier tube outputs are lengthened 
and compared, but only those arising from 
events of suitable energy level to be dis- 125 
play. For this purpose, die pulse lengthening 
circuit operations are gated at 25A and 25B 
under the control of the pulse height analyser 
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22. This avoids lengthening and comparison 
of redundant signals and permits faster opera-
tion than is otherwise appropriate. 

While the invention has been more par-
5 ticularly described v/ith reference to the illus-

trated example, it is not intended to be 
wholly limited thereby. For example, while 
the arrangement of subject support table mov-
ing over the detector will normally be the 

10 most convenient, other relatively movable 
configurations can be used. Also, variation can 
be made in the more particular data handling 
circuits. Thus, reference is made to the use 
of linear amplifiers, but it may be desirable 

15 in some circumstances to employ amplifier 
characteristics which are linear for low energy 
event signals but non-linear in the sense of 
increasing gain for high energy event signals 
to compensate for crystal defects. Lastly, 

20 additional ancillary apparatus, such as photo-
graphic recording apparatus associated with 
the cathode ray tube, may be used. 

WHAT WE CLAIM IS: — 
1. Radioisotope scanning apparatus com-

25 prising: a support for a subject to be scanned; 
an elongate detector adjacent said support, 
said detector including a plurality of scintilla-
tion crystals packed in a sequence along the 
longitudinal axis of said detector, and a pair 

30 of scintillation event detection means dis-
posed at respective opposite ends of said 
sequence; motive means for effecting rela-
tive scanning movement between said support 
and said detector in a direction transverse to 

35 the longitudinal axis of said detector; sum-
ming function means connected with both said 
detection means to provide an signals repre-
senting the energy level of detected scintilla-
tion events; analyser means connected with 

40 said summing function means to provide first 
signals representing only those of said sum 
signals corresponding to scintillation events 
having at least a predetermined energy level; 

comparator means connected with both said 
detection means to provide second signals 45 
representing the position along said axis of 
detected scintillation events; transducer means 
coupled with said motive means to provide 
third signals representing the position of said 
support relative to said detector; and display 50 
means responsive to said first, second and 
third signals to provide a plot of detected 
scintillation events having at least said pre-
determined energy level. 

2. Apparatus according to claim 1 wherein 55 
said sum signals represent a two part sum 
of the arithmetic sum, as one component 
part, and the geometric mean, as the other 
component part, of the outputs of said detec-
tion means. 60 

3. Apparatus according to claim 2 wherein 
said other component part is subjected to a 
constant factor of about three relative to said 
one component part. 

4. Apparatus according to claim 1, 2 or 3 65 
comprising respective signal lengthening 
means connected between said detection means 
and said comparator means, and wherein said 
analyser means is connected to said lengthen-
ing means to render the same operative only 70 
in relation to input signals from said detec-
tion means representing detected events hav-
ing at least said predetermined energy level. 

5. Apparatus according to any preceding 
claim wherein said crystals are optically 75 
coupled with a paste material at the crystal 
interfaces, and are packed in a container 
sealed against ingress of moisture and having 
an optically reflective lining. 

6. Radioisotope scanning apparatus sub- 80 
stantially as herein described with reference 
to the accompanying drawing. 

G. PARKER, 
Chartered Patent Agent, 
Agent for the Applicants. 
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