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(71) We, G. D. SEARLE & CO., a 
corporation organised and existing under the 
laws of the State of Delaware, United States 
of America, whose post office address is P.O. 

5 Box 5110, Chicago, Illinois 60680, United 
States of America, 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 particularly described 

10 in and by the following statement:— 
This invention relates to scintillation camera 

systems that employ detector heads for trans-
axial tomographic scanning. 

In a scintillation camera adapted for trans-
15 axial tomographic scanning, a scintillation de-

tector precesses in an orbit about a patient 
having an axis of precession corresponding to 
the cranial-caudal axis of the patient. The 
scintillation detector head employs an array 

20 of photo-detectors viewing overlapping por-
tions of a scintillation crystal which is formed 
in the shape of a disk. Radiation impinging 
upon the crystal, which is typically formed of 
thallium activated sodium iodide, causes 

25 flashes of light to be emitted which are de-
tected by photomultiplier tubes viewing the 
area of emission. The photomultiplier tubes 
generate electrical signals proportional to the 
magnitude of the light intensity received. 

30 These signals are matrixed together to provide 
positional information thereby locating the 
point of origin of the scintillation in the plane 
of the crystal. If a collimator is interposed 
between the radiation source and the detector 

35 crystal, the location of the scintillation will 
correspond to the point of origin in the patient 
of the incident gamma ray causing the scin-
tillation. This point is then depicted in a two-
dimensional matrix. This brief description of 

40 the operation of a scintillation camera is ade-
quate for purposes of this invention, as the 
basic principles are explained at length in 
U.S.A. Patent 3,011,057. 

In trans-axial tomographic scanning, a 
45 radiation detector is moved in an orbit about 

a subject of interest rotating to face the sub-
ject of interest at all times. Typically the sub-
ject of interest is a human patient and the-

orbit in which the radiation detector moves 
is a circular orbit in which the axis of the 50 
circle about which the detector precesses is 
an imaginary straight line passing through 
the cranial and caudal areas of the human 
patient, hereinafter referred to as the cranial-
caudal axis. When the radiation detector is 55 
the detector of a scintillation camera and the 
orbit of movement is circular, the locus of 
movement of the centre of the scintillation 
crystal is a circle having a radius equal to the 
distance of the scintillation crystal from the 60 
cranial-caudal axis. The scintillation detector 
is always tangent to this circle. 

The use of a scintillation detector to pro-
duce images of radioisotope distribution at 
transverse planar sections along the cranial 65 
caudal axis has been explained in detail in a 
number of publications, including U.S.A. 
Patent 3,432,660. In that patent, the patient 
is rotated about the cranial-caudal axis while 
the scintillation camera detector remains 7Q 
stationary, but the relative movement between 
the detector and the patient is the same 
whether the detector precesses about the 
cranial-caudal ,axis while the patient remains 
stationary or whether the patient rotates about 75 
the same axis while the scintillation camera 
detector remains stationary. From the stand-
point of patient comfort and immobility rela-
tive to the scintillation detector, it has been 
found desirable for the patient to remain 80 
stationary in_a_ supine position. 

The principal problem in trans-axial tomo-
graphic radioisotope scanning is the length of 
time required to obtain meaningful data. A 
forty minute scan is not an unusual require- 85 
ment to obtain section images at six section 
imaging planes for a radioisotope brain scan 
using prior art devices. Patient movement 
during this scintillation scanning period intro-
duces considerable distortion into the images 90 
obtained. Migration of the radioisotope through 
die system during die time that the scintilla-
tion detector traverses a single orbit results 
in a distortion of the data acquired for a 
section imaging plane. Likewise, radioisotope 95 
migration throughout the scanning interval 
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lenders difficult the comparison of radioiso-
tope distribution images in the parallel section 
imaging planes. The reason for the extended 
period of time necessary to acquire the data 

5 in radioisotope imaging, as contrasted with 
tomographic x-ray scanning, is due to the 
much lower overall activity in the target area 
of interest, as much of the ingested radio-acti-
vity localizes in areas of the body which are 

10 not the subject of the imaging study, for ex-
ample in the colon. The gamma rays of a 
radio-isotope dosage are therefore dissipated 
through the body of the patient and absorbed 
to some extent in the tissue of the patient, 

15 while in x-ray tomographic imaging a con-
centrated radiation dosage is administered 
only to the areas of interest. 

It is an object of this invention significantly 
to reduce-the time required to obtain statis-

20 tically significant data in trans-axial tomo-
graphic radioisotope scanning using a scin-
tillation camera. 

It is a further object of the invention to 
provide a scintillation camera system for use 

25 in trans-axial tomographic radioisotope scan-
ning to increase the rate of acceptance of radio-
active events to contribute to the positional 
information obtainable from a radiation source 
of known strength without sacrificing spatial 

30 resolution. 
It is a further object of the invention to pro-

vide an improved scintillation camera system 
for use in trans-axial tomographic radioisotope 
scanning which reduces die necessary scan-

35 ning time without degrading the images 
obtained. 

According to the present invention, there 
is provided a scintillation camera system com-
prising a scintillation camera detector, means 

40 for moving said detector in an orbit about an 
axis which, when the system is in use, is a 
cranial-caudal axis relative to a patient, and 
a collimator having septa defining apertures 
adapted to admit gamma rays travelling to 

45 said detector wherein the said septa are so 
arranged that the apertures admit gamma rays 
travelling in a direction perpendicular to the 
said axis with a high spatial resolution of said 
rays and to admit gamma rays travelling to the 

50 detector in the direction of the said axis with 
low spatial resolution. 

In the acompanying drawings: 
Fig. 1 is an elevational view of a scintillation 

camera positioned for trans-axial tomographic 
55 radioisotope scanning of a patient; 

Fig. 2 is an enlarged view of die scintilla-
tion detector in one position in its orbit about 
the patient; 

Fig. 3 is a diagrammatic view illustrating 
60 the movement of the scintillation detector 

relative to the patient; 
Fig. 4 is a detailed view of one embodiment 

of collimator construction; 
Fig. 5 is a detailed view of one alternative 

65 embodiment of collimator construction; and 

Fig. 6 is a detailed isometric view of another 
embodiment of collimator construction. 

Referring now to Fig. 1, there is illustrated 
a scintillation camera system in which a scin-
tillation detector 10 employs a scintillation 70 
crystal which is viewed in overlapping fashion 
by a plurality of photomultiplier tubes. The 
scintillation detector 10 is modified from 
general purpose scintillation camera detector 
heads for low energy radiation detection by 75 
the removal of a portion of the lead shielding 
which allows the detector 10 to move in an 
orbit in a plane perpendicular to the plane in 
Fig. 1 and to freely clear the shoulder of the 
patient 15. 80 

The scintillation detector 10 is connected 
to a console containing a computer section 60, 
two oscilloscope displays 70, signal processing 
circuitry 12, and a control panel 11. A motor 
13 drives the scintillation detector 10 in an 85 
orbit about the patient 15, which orbit defines 
one section imaging plane X perpendicular 
to a cranial-caudal axis Y of the patient The 
motor 13 is mounted on the detector stand 
50 and drives the rotating mounting aria 34 90 
from which cross-arms 27 extend. H i e scintil-
lation detector 10 is mounted between one pair 
of cross-arms 27 while a counter-balance 
weight 14 is mounted from the other pair 
of cross-arms. The motor 13 includes an in- 95 
dexing element for continuously advancing the 
detector 10 through its orbit about the patient 
15. The indexing element of the motor 13 
initiates and terminates radiation counting in-
tervals at each arc in a series of incremental 100 
arcs which the detector 10 traverses in ad-
vancing through a path of 360° in its orbit 
about the patient. That is, if trans-axial tomo-
graphic scanning is initiated with the scintil-
lation detector 10 positioned in the location 105 
depicted in Fig. 1, the scan will terminate 
for several parallel section imaging planes 
when the detector head 10 and the counter 
weight 14 rotate about axis Y and return to 
their original positions. 110 

The patient assumes a supine stationary 
position on the table 17 which includes a 
head support extension 35 that facilitates im-
mobilization of the patient's head. While the 
device of Fig. 1 is arranged to accommodate 115 
scanning of only the head of the patient 15, 
an alternative support to the table 17 could 
be provided to allow whole body scanning. 
For example, the table 17 could be mounted 
in cantilever fashion near the feet of the 120 
patient. 

The signals from the scintillation detector 
10 are fed to computation means 60 through 
the cable 44 so that the radiation counts 
detected at each of the incremental arcs may 125 
be processed to produce a representation of 
radioactive distribution in a series of section 
imaging planes defined by the algorithm and 
by the orbit, such as the planes X and A in 
Figs. 1 and 3. Visual display means 70 for 130 
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displaying an image of the representation are 
provided in the form of conventional oscillo-
scope displays. As in other scintillation camera 
studies, a camera film or other recording de-

5 vice can be mounted in optical communica-
tion with the visual displays 70. The locus of 
the movement of the centre of the scintillation 
crystal of the detector 10 is illustrated in 
Fig. 3 for two section scanning planes, X and 

10 A. In the first section scanning plane X, the 
scintillation detector 10 moves in a circle 32 
about the cranial-caudal axis, identified as the 
Y axis in the drawings. The circular orbits 
32 and 33 define the section imaging planes 

15 X and A respectively. While the orbit of the 
scintillation detector is typically circular, it 
could be elliptical or form any other closed 
curve about the cranial-caudal axis Y. Of 
course, the algorithm employed would have to 

20 be adjusted to the orbit utilized. 
The construction of the collimator 26 is illus-

trated in alternative embodiments in Figs. 4, 
5 and 6. In Fig. 4, the construction of the 
collimator 26 is depicted with the orienta-

25 tion of the collimator in Fig. 4 being the 
same with respect to the X plane and Y axis 
as in Fig. 2. In the construction depicted in 
Fig. 4, die collimator is comprised of parallel 
strips 28 of lead about 0.01 inches (0.0254 

30 centimeters) in thickness. Between these lead 
strips 28 are positioned corrugated strips 29 
also fashioned of lead foil about 0.01 inches 
(0.0254 centimeters) in thickness. The strips 
28 are aligned in parallel with the cranial-

35 caudal axis Y. Construction of corrugated 
collimators is described in detail in U.S.A. 
Patent No. 3,921,000. Of course the configura-
tion of the collimator of Fig. 4 differs from 
the collimators described in U.S.A. Patent 

40 3,921,000 in that the strips 29 in Fig. 4 are 
corrugated to form collimating apertures of 
generally rectangular configuration. These ap-
ertures are significantly longer in the Y-axis 
direction than in the X-axis direction. As a 

45 result of this collimator construction, gamma 
radiation travelling within a plane perpen-
dicular to the cranial-caudal axis, such as the 
plane X, encounters greater shielding than 
does gamma radiation travelling in other 

50 planes. 
By way of illustration, gamma rays 20 and 

21 emanating from within and travelling 
wholly within the section scanning plane X 
are much more likely to be absorbed by the 

55 relatively closely spaced lead strips 28, which 
they are likely to intercept than is gamma ray 
22 which proceeds at an angle 9] with respect 
to cranial-caudal axis Y. Gamma ray 22 is 
much more likely to penetrate or pass be-

60 tween one or more of the more distantly 
spaced transverse portions 18 of the corrugated 
strips 29. The result is that the collimator of 
this invention renders the scintillation detector 
10 more efficient in radiation detection in the 

65 Y axis direction, with a loss of resolution in 

the Y axis direction. At the same time, the 
construction of collimator 26 provides very 
high spatial resolution within the section 
scanning plane X. 

This same improvement exists when the 70 
detector 10 moves with regard to other parallel 
section scanning planes, such as the sec-
tion scanning A defined by the circle 
33 of diameter equal to the diameter 
of circle 32. Gamma rays, indicated 75 
at 23 and 24 in Fig. 3, which travel in 
directions perpendicular to the Y axis en-
counter much greater detector shielding than 
does the gamma ray travelling in the path 25 
at an angle with respect to the Y axis. The 80 
collimator 26 thereby provides high spatial 
resolution of gamma rays travelling within 
the planes X and A and high radiation sensi-
tivity to gamma radiation travelling in other 
planes. 85 

It can be noted, by reference to Fig. 3, that 
the path defined by the movement about axis 
Y of a single transverse collimator septum 18 
which traverses the distance between two 
adjacent strips 28 would be a circle about 90 
axis Y for a 360° precession by detector 10. 

An alternative embodiment of the collimator 
of this invention is depicted in Fig. 5. In this 
embodiment the septa of the collimator are 
formed of strips 30 and 31 of a uniform thick- 95 
ness. The spacing between the strips 31 in 
the direction parallel to the Y axis is greater 
than the spacing between the septa 30 in the 
planes perpendicular to the Y axis, as defined 
by the circular rings 32 and 33. Again, as in 100 
Fig. 4, it can be seen that the collimator 
embodiment of Fig. 5 likewise defines aper-
tures in collimator 26 such that the collimator 
26 provides high spatial resolution of gamma 
rays travelling within planes perpendicular to 105 
the Y axis and directed at the detector 10, 
and high radiation sensitivity to gamma radia-
tion travelling within other planes and directed 
at detector 10. One modification of the colli-
mator construction of Fig. 5 would be a cons- 110 
truction in which the lead strips 30 are 
thicker than the lead strips 31. 

The circular ring 32 in Fig. 3 in addition 
to defining one section imaging plane, also 
represents the path traced by the movement 115 
of the centre of the scintillation crystal of 
the detector 10 as it precesses in step-wise 
fashion about the cranial-caudal axis Y. The 
ring 33 likewise represents the orbit of move-
ments of a point on the scintillation crystal 120 
face displaced from the center. The ring 33 
defines a section imaging plane A parallel to 
the plane X. As previously indicated, the 
resolution between die section imaging' planes 
X and A is approximately 2 centimeters. In 125 
the images displayed on the oscilloscopes 70, 
there is no differentiation as to the Y axis of 
a radioactive event as long as it lies within the 
2 centimeter thickness of the section imaging 
plane. Thus, it can be observed that there is 130 
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no degradation of the images formed by virtue 
of the improved sensitivity in the Y axis direc-
tion provided by the collimator of this in-
vention. That is, the additional events detected 

5 to provide improved sensitivity will originate 
primarily from within the section scanning 
plane, although they will be detected by the 
detector 10 at a displacement therefrom in the 
Y axis direction. 

10 Another collimator embodiment is illustrated 
in Fig. 6. In this embodiment corrugated strips 
29' of lead 0.01 inches (0.0254 centimeters) 
in thickness are interposed between straight 
strips 28' of lead foil, also 0.01 (0.0254) in 

15 thickness. This aspect of corrugated collimator 
construction is similar to that depicted in the 
aforesaid U.S.A. Patent 3,921,000. However, 
as is apparent from the drawing, the corru-
gated strips 29' do not extend as far in depth 

20 as do the straight strips 28'. At the ends of 
strips 29' are positioned pieces of spacer 
material, such as balsa wood blocks 37. The 
balsa wood blocks 37 do not absorb gamma 
radiation, but they do hold the strips 28' in 

25 proper parallel alignment. The transverse 
elements 18' of the corrugated strips 29' butt 
up against the balsa wood blocks 37. The end 
of the collimator 26 in the front plane of Fig. 
6 is positioned adjacent to the scintillation 

30 detector 10. 

CLAIMS: 
1. A scintillation camera system comprising 

a scintillation camera detector, means for 
moving said detector in an orbit about an 

35 axis which, when the system is in use, is a 
cranial-caudal axis relative to a patient, and 
a collimator having septa defining apertures 
adapted to admit gamma rays travelling to 
said detector wherein the said septa are so 

40 arranged that the apertures admit gamma rays 
travelling in a direction perpendicular to the 
said axis with a high spatial resolution of said 
rays and to admit gamma rays travelling to 
the detector in the direction of the said axis 

45 with low spatial resolution. 
2. A system as claimed in claim 1, wherein 

the spacing between septa measured in a direc-
tion parallel to said cranial-caudal axis is 

greater than the spacing between septa 
measured in planes perpendicular to said 50 
cranial-caudal axis. 

3. A system as claimed in claim 2, wherein 
said septa are formed of strips of lead of a 
uniform thickness. 

4. A system as claimed in claim 1, in which 55 
the collimator comprises parallel strips of lead 
about 0.0254 centimeters in thickness aligned 
parallel with said cranial-caudal axis and be-
tween which are positioned corrugated strips 
of lead foil about 0.0254 centimeters in 60 
thickness. 

5. A system as claimed in claim 4, wherein 
said corugated strips of lead foil are formed 
into generally rectangular corrugations. 

6. A system as claimed in claim l also in- 65 
eluding indexing means for continuously ad-
vancing said detector in said orbit and for 
initiating and terminating radiation counting 
intervals at incremental arcs in said orbit, 
computation means for processing the radiation 70 
counts detected and accumulated through each 
of said arcs to produce a representation of 
radioactive distribution in a plane defined by 
said orbit, and visual display means for dis-
playing an image of said representation, and 75 
wherein the collimator is attached to, and inter-
posed between, said detector and said patient 
and has first shielding means positioned to lie 
in planes containing said cranial-caudal axis 
as said detector precesses in said orbit, and 80 
a second shielding means providing less shield-
ing in configurations the loci of which form 
planes parallel to the aforesaid orbit. 

7. A system as claimed in any preceding 
claim wherein said scintillation camera de- 85 
tector is arranged to precess in a circular orbit 
about said patient. 

8. A scintillation camera system substantially 
as described with reference to the accompany-
ing drawings. 90 
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