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Abstract

Distance dependent resolution (DDR) correction is commonly applied to single photon

emission computed tomography (SPECT) iterative image reconstruction but how much

improvement in image quality is gained by the additional computational expense asso-

ciated with the correction? This work examined the effect of the correction in SPECT

imaging of the human brain, firstly by quantitatively determining the resolution improve-

ment in simple phantoms, then in the more complex Hoffman brain phantom. Finally,

the effect of DDR correction was investigated in statistical analysis of the brain scans of

a large group of normal subjects.

DDR correction takes into account the geometric blurring which increases with distance

from the collimator. This reduction in resolution with distance is due to the finite width

of the collimator holes, a necessary compromise in order to allow gamma rays to enter

the NaI scintillator crystal detector to form the image. Modelling this effect during image

reconstruction improves the final image quality, at the expense of a large increase in the

computation required for the reconstruction.

Significant improvement in resolution was found in phantom studies when the DDR cor-

rection was applied. The full width at half maximum (FWHM) of images of a 1 mm

ID tube containing 99mTc decreased from around 8 mm to around 4 mm when 32 itera-

tions of ordered subset expectation maximisation (OSEM) iterative reconstruction with

the DDR correction were performed, when compared to four iterations of the reconstruc-

tion without the correction. Increasing iteration numbers in the latter reconstruction

increased noise without improving resolution. Improvements in spatial resolution without

increasing noise were found when simulating detector blurring of the known radionuclide

distribution in the Hoffman phantom in order to match the effective spatial resolution of

reconstructed images. Images of the Hoffman phantom showed a significant improvement

in differentiation of grey and white matter, due to a reduction in the partial volume effect,

when the DDR correction was applied.

When 104 normal subject brain scans (65 female, 39 male, age range 18-81) were re-

constructed using the DDR correction, significant group differences were detected when

compared to uncorrected images using Statistical Parametric Mapping (SPM). Ageing ef-

fects in the brain and gender differences were found to be significantly stronger when the

DDR corrected images were used in the comparison rather than the uncorrected images.
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Abstract

New evidence is presented for cerebral blood flow losses with age in the dorsal anterior

cingulate cortex, local white matter volume loss with age in the internal capsule, frontal

lobe and parahippocampal area, and higher perfusion in females than males at three foci

in the frontal pole.
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