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Single Photon Emission Computed Tomography by using Fan Beam Collimator
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Physics Section, Chiba Cancer Center Hospital

Research Code No. : 210.1
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A multislice fan beam collimator which has parallel collimation along the cephalic-caudul axis of a
patient and converging collimation within planes that are perpendicular to that axis was designed for
a SPCET system with a rotating scintillation camera, and it was constructed by the lead casting

method which was developed in recent years.

A reconstruction algorithm for fan beam SPECT was formed originally by combining the
reconstruction algorithm of the parallel beam SPECT with that of the fan beam X-ray CT. The
algorithm for fan beam SPECT was confirmed by means of computer simulation and a head phantom

filled with diluted radionclide.

Not only ®“"Tc but also ¥ was used as a radionuclide. A SPECT image with the fan beam
collimator was compared with that of a parallel hole, low energy, high resolution collimator which was
routinely used for clinical and research SPECT studies. Both system resolution and sensitivity of the
fan beam collimator were ~20% better than those of the parallel hole collimator.

Comparing SPECT images obtained from fan beam collimator with those of parallel hole
collimator, the SPECT images using fan beam collimator had far better resolution.

A fan beam collimator is a useful implement for the SPECT study.
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Fig. 1 Sketch illustrating rotation of a fan beam
collimator about a patient. The fan beam col-
limator has converging collimation within each
transverse section as indicated in the left of the
figure. Each hole has parallel collimation along
the axis of rotation as indicated in the right of
the figure.
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Fig. 2 Photograph of the fan beam collimator.
The collimator was attached to a gamma cam-
era.
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Fig. 3 Photograph of the fan beam collimator. A
part of the cover of the collimator was stripped
off.
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Fig. 4 The illustration of the fan beam collimator.
The collimator, constructed by the lead casting
method, has hexagonally shaped holes and a
focal length of 75cm.
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Fig. 5 Flow chart of the reconstruction algorithm
for the fan beam SPECT and parallel beam
SPECT.
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Fig. 6 Geometric configuration for computer sim-
ulation. It was assumed that each radionuclide
was placed at a distance of 2, 4, 6 and 8cm from
the center of rotation.
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fan beam algorithm

Fig. 7

parallel beam algorithm

SPECT images for sources given in Fig. 6. Left and right side images

were reconstructed by using the fan beam algorithm and the parallel beam
algorithm, respectively. The image on the left is reconstructed correctly. On the
other hand, the image on the right is not reconstructed correctly.
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Fig. 8 Relative efficiencies of the fan beam col-
limator (FAN) and the parallel hole collimator
(PARALLEL) as a function of radius of rotation.
A point source of *"Tc¢ was located at the center
of the SPECT image. Variation in field of view of
SPECT with the radius of rotation is indicated in
this graph also.
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Fig. 9 Spatial resolution of the fan beam col-
limator (FAN) and parallel hole collimator
(PARALLEL) expressed in full width at half
maxiraum height and variation of magnifying
power of planar image. Radius of rotation was
measured from the surface of the detector side of
the collimator.
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Fig. 10 Reconstructed image of two line sources
placed at an interval of four centimaters and its
profile curves along the center line of the source.
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Fig. 11 Images of the “Hoffman Phantom” filled
with '**1 solution. SPECT images were recon-
structed from 90 views. The acquisition time for
each collimator at each step was 30 seconds.
(Upper left) SPECT image through the fan beam
collimator. (Upper right) SPECT image through
the parallel hole collimator. (Lower left) top
view.
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Table 1 Relative efficiency and spatial resolution
of the SPECT image. Calculated values are from
the literature (29)

Radius of rotation (¢cm) 22 27 32
Relative efficiency
Measured 1.12 1.21 1.35
Calculated 1.12 1.24 1.38
Spatial resolution (FWHM, e¢m)
Measured 1.2 1.4 1.6
Calculated 1.09 1.30 1.51

Table 2 Calculated values of focal length, rela-
tive efficiency and spatial resolution (FWHM) of
each collimator. D) represents the length of the
detector ; a the collimator thickness ; R the radius
of rotation measured from the detector side of
the collimator ; F the focal length. The radius of
the field of view of SPECT is 11cm. The value of
relative efficiency and FWHM were calculated
from the literature (29). Fan beam collimator of
#1 was constructed and studied in this paper

Fan Beam Relative

Collimater a R efficiency FWHM

#1 33 4 24 75.0 1.0 1.18

#2 40 4 24 57.5 1.04 1-17:

#3 40 4 20 49.2 1.15 0.98

#4 40 4 16 41.2 1.12 0.81

#5 45 4 16 37.3 1.14 0.81

#6 45 5 16 37.3 0.73 0.67
unit=cm

B % Anger %3, Moyer 290 Hk#® & &g,
77V E—AT ) A—FORELCSREER S
Bk hRDDFEXERE LA, Table 11186
DFEES EICHELERE, A2y 2r—-2%
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B o ¥ i3llem & Lz, Table 1 D& £ 5 5
Lim FOHEECTRERVCSBREXH#HETE
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