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Abstract
in SPECT images is
quantitative
information
The
photon
and contribution of
attenuation
degraded by
photons scattered in the object. It is, therefore,
important to know the distribution of different
attenuating tissues in order to be able to apply a
proper attenuation correction. We present a method
for measuring non-uniform attenuation maps, using a
fan beam geometry SPECT. The program was
developed using the Siemens macro program editor
(ltrE) in our ICON system for medical image
processing. Image enhancement techniques were
performed to process our transmission images so that
the results were more suitable than the original
images for attenuation maps.

MATERIALS AND METHODS
The transmission imaging system consists of a narrow
line source at the focal line of a fan beam collimator
(FBC). Its holder was attached to the rotating gantry of

the SIEMENS MULTISPECT 3 system and positioned
opposite to one of the three detectors (detector 1). This
detector was mounted with a FBC (focal length: 50cm).
The transmission source consisted of a 550 MBq (15
en*Tc

un-collimated line source.
mCi)
Transmission projection data was acquired in l28xl28
matrices. Projections were acquired in 64 steps over 360"
circular orbit for l0 s per step. An energy window of

t*T.

transmission
140t10.5 keV was used for the
photons. Typical ffansmission count rates ranged from
90 to 140 kcps, depending on size, zooming factor,

positioning and density.

INTRODUCTION

A

transmission "blank" scan

(approximately 13 million counts) was acquired to

Single photon emission computed

tomography

is used extensively in diagnostic nuclear
A major limitation on both qualitative and
quantitative SPECT is inaccuracy due to incorrect
compensation for attenuated and scattered photons.
(SPECT)

medicine.

Although no analyical solution has been decribed, many
algorithms for attenuation and scaffer correction have
been reported tl4l which achieve a high degree of
quantitative accuracy when combined with transmission
measurements. Therefore. non -uniform attenuation
compensation methods require the three-dimensional

distribution

of

attenuation coefficients, called the

attenuation map. Further, attenuation data may be
necessary for accurate scaffer correction as well as a
critical examination of the imaging resolution of the
system used

1s1.

This report presents a method for measuring nonuniform attenuation maps, using a fan-beam geometry
scan acquired on a SPECT system. The resulting map
intended for use in non-uniform attenuation and scatter
compensation. The second goal was to evaluate the
effects of our program (MPE) and image processing
techniques, using experimental phantoms.
is

compute attenuation maps from the transmission data.
Resolution and reconstruction linear measurements

were performed using a SPECT phantom(Ps-I01) with
solid and hollow rods in the air and water. The densities
of the phantom were 1.8 gicm3. To evaluate transverse
resolution, the phantom is oriented with the rods parallel
to the axis of rotation. The solid rod diameters are 2.24,
1.79, 1.43,1.I4,0.92,0.73 and 0.59 cm. The hollow rod
diameters are 3.78, 2.24, 1.79, 1.43, 0.92, 0.73, 0.68 and
0.47 cm.
The transmission projections can be converted to the
attenuation projection using the equation:

p*(ij) : ln[No(ij)N.(ii)].c
p*
the
line integral of the attenuation cois
where
efficients of the object at angle m; N'(ii) is the blank
projection; N.(ii) is the transmission; C is a calibration
constant, which scales the attenuation projections to

avoid integer truncation; and

(ii) is a pixel in the

projection matrix.
The attenuation projection data were prefiltered using
a Butterworth two-dimensional filter of order 5 and cutoff frequency equal to 40 Yo the Nyquist frequency, a
Hamming prefilter with a cutoff at 40 oÄ of Nyquist
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frequency and a Shepp-Logan filter with a cutoff at the
Nyquist frequency separatly. The attenuation projections
were reconstructed using a fan-beam, filtered backprojection algorithm.

important for fwo reasons: it creates attenuation maps
with transverse resolution comparable to the system
resolution and the method is implemented using a line
source holder, which is lighrweight and is easily
adaptable to most cameras.

RESULTS

The observed high contrast spatial resolution should
be acceptable for accurate attenuation compensation. The

The visual test of spatial resolution in air are shown
for the transverse direction in Figure I and 2. It contains
images of the hollow and solid rods. With different
prefiltenng techniques it was found the Hamming and
Shepp-Logan filters provided greater image smoothing
for our phantom studies. Some of the smaller rods may
be seen, but the limiting system resolution at sufficiently
high counts has not been reached.
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solid and hollow rods (bigger than 0.92 cm) are visible
which is similar as the FWHM of SPECT imaging.
The resolution of TCT depends on the contrast of
affenuation coefficients. Typically, smaller the difference
of attenuation coefficients is used, while larger spatial
resolution is. It means non-uniform attenuation maps are
difficult to be used in brain studies. However, if a line
source collimator is applied, it would be capable of
obtaining more accurate attenuation maps.
The ultimate aim of the technique is more accurate
aftenuation and scatter correction, rather than assume a
constant p for all of tissues. This is of particular
importance in areas of the body where large differences
in pr exist, such as thorax. More work is in progress to
investigate the combination befween attenuation maps
and scatter correction.
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DISCUSSION

We have developed a transmission imaging system
with a FBC and the software for attenuation maps that
uses our ICON system. The fanbeam geometry is
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