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ABSTRACT

Background and purpose

Positron emisgon tomography (PET) imaging is unique in that it
shows the dhemicd functioning of organs and tisaues. In past years,
PET images have been attenuation correded using transmission
images derived from a ®®Ge positron emisson source[1]. This method
requires a blank scan of the transmisson source and a transmission
scan o the patient before the administration o the radiotrace. The
inconveniences of this procedure are: 1) time cnsuming because two
PET scans are required per patient, and 2) the radioadive source
produces noisy transmisson images whaose noise is propagated into the
attenuation correded PET image [2]. It is supposed that the
inconvenience of noise propagation is overcome by attenuation
corredion wsing CT maps. These ae high resolution, low noise
transmisgon maps that could provide better quality in attenuetion
correded PET images. This assumption will be demonstrated in the
projed. The seamndreseach isaleis abou the acerracy of attenuation
corredion wing CT maps. The x-ray CT maps are obtained with x-
rays with maximum energy of 140keV, while the atenuation must be
correded in PET for phaons of 511keV.

The dtenuation corredion algorithm needs to convert the dtenuation
coefficients for 140 keV derived from CT maps to the atenuation
coefficients of 511keV photons emitted duing positron annihil ation.
How this conversion affects the accuracy of attenuation-correced PET
images for different densities encountered in clinicd studies is the
other asped to be investigated.

This projed will i nvestigate the performance of the hybrid CT/PET
scanner related to its capability for quantifying the radiotracer uptake
in lesions and the acarracy and reliability of the dtenuation corredion
algorithm using the CT images.

Objective

The Main pupose of the reseach is to assssthe performance of
the atenuation corredion o PET images using CT attenuation
corredion maps. The spedfic ams are: (1) Compare resolution,
contrast, uniformity and nase of CT attenuation correded PET
recnstructions with those withou attenuation corredion a with
attenuation corredion wsing the conventional ®%Ge transmisson source
method [3]. (2) Determine the relation o proportionality between the
attenuation coefficients determined from CT images with the density
of the atenuating medium in arange of densities smilar to that found
in clinicd studies. (3) Cdculate the acaragy of radiotrace uptake
quantitation in CT attenuation correded PET rewnstructions.
Comparison o the radiotracer uptake quantitations with those
determined withou attenuation corredion and with attenuation
corredion weing the %®Ge transmisson source method

Materials and Methods

The jaszczak phantom will be used for assessng multiple
performance daraderistics of the PET system. The phantom will
provide mnsistent performance information on the cntrast, spatial
resolution, uniformity and nase of PET images [4] An
Anthropomorphic chest phantom will be used for assssng the
acarracy of quantitation d radiotrace uptake. The phantom consists
of two chambers shaped to simulate lungs fill ed with Styrofoam beads
to simulate lung attenuation. Two lesions will be simulated, one in soft
tisale and the other in the lung. The diameter of the lesions will be 3 —
7 mm [5]. Experiments will be conducted using the CT/PET scanner,
Discovery LS (GE Medicd Systems). Contrast media used would be
iodinated contrast (gastrograffing) and barium suspension.

The Jaszczak phantom will be scanned acwording to the following
protocols 1) With water being the only content, 2) water with 50% of
iodinated contrast and 3 water with 50% of barium suspension. The
adivity of the radioadive solution of 18 FDG mixed with water will

2003 Ssummer Bioengineering Conference, June 25-29, Sonesta Beach Resort in Key Biscayne, Florida

Starting page #: 0985



be 10 mCi. The Chest phantom will have two lesions, onein soft tissue
and the other in the lung. It will be first scanned in air without water,
thus generating our standard reference free of phaon attenuation.
Then, water will be alded to the phantom and the phantom will be
scanned again. The adivity of the radioadive FDG will be 10 uCi.
The source ativity will be crrected for the decay of the radionuclide.

PET image remnstruction will be performed acwrding to the
protocols that follow: 1) With attenuation corredion wsing the CT
images, 2) withou attenuation corredion, and 3) with attenuation
corredion wsing the conventional 68Ge sourcetransmisson method

Results

Attenuation Correction: Ge Vs Attenuation
Correction: CT
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Figure 1 Integral uniformity (a) noise (b) in CT attenuation
corrected images and attenuation corrected images using the
*Ge source method
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Figure 2. Number of counts when water is used around the
lesion, and when a radiographic contrast is used around the
lesion.

Discussion

The basic hypothesis of this reseach is that: the cmbined use of
CT with PET images for attenuation corredion is siperior to other
methods of PET imaging and will produce higher acaracy in
guantitations, better resolution, contrast and uriformity and lower
noise in reconstructed images. How the resolution, contrast, uniformity
and ndse is improved in comparison with other methods of PET
imaging? How much is improved, the acaracgy of quantifying the
radiotrace uptake in alesion? How is the performance of attenuation
corredion o PET images for different materials encountered in
clinicd studies?

Conclusions

The results $how an increased superiority of the CT attenuation
corredion methods over the ®Ge transmisson source method The
noise level in images with the ®Ge transmisson source method at 4
iterations is four times the noise level, when using CT for attenuation
corredion. For the 68Ge source method, the noise level increases from
11% to 38%. While for the CT attenuation corredion method, the
noise level increases from 8% to 16%. It indicaes that the rate of
increment is higher with the ®®Ge source method

The optima compromise for the performance parameters, uniformity,
noise, spatia resolution, and contrast is, using the CT images as
attenuation corredion maps, rewnstructing the images with 14
subsets, and the number of iterations limited to a maximum of 2. The
optimal values obtained are uniformity (16 %), Noise level (6.3 %),
score of 0.79, and a mntrast value of 0.41.

Using a radiographic oontrast with the cadiac dest phantom
demonstrated an over-corredion in the number of counts in the CT
attenuation correced image. Thus the lesion may appea to be larger
than it acualy is. The percentage value of over-corredion mainly
depends on the kind of radiographic contrast used with the phantom.
With iodine the over-corredion in the number of courts was arourd
20%, but with a gastroffin contrast, the over-corredion in the number
of courts was about 60%.
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