REAFEEBUKNSFY

Tohoku University Repository

JO000o0oooddodd AutomatedIimage
Registration 0 0 03000 SPECT DO O OOO
Juooudood

o0 Muhammad Babar Imran

[ 1647

gag 2000

URL http://hdl._handle.net/10097/21986




K & (KFE)

¥ oo BEOH

% S

HE

FMNRXE5EHH

FAXE O &N

Bt 5L B E K

i 5w > & H

i

m X EAEEE

Ty N b 4 &6 5 v

IA\/I{J\h;meac; %abar Imran
% = (E %)
K & % 1647 =
ok 12 £ 3 A 23 H
FACHIANEE 4 2656 1 T

RIERFERF B R AT FTR
(B3R ARERER

Standardization of three dimensional Brain
SPECT images. Application of Automated Image
Registration in Research and Clinics.
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SPECT can effectively and non-invasively measure regional cerebral blood flow (xCBF).
Its role in advancing our understanding of pathophysiological mechanisms of brain
disorders and in the clinical assessment of patients with these disorders is expanding.
There is often a need to compare CBF SPECT images for robust evaluation of various
parameters. A pre-requisite for accurate comparison is precise three dimensional registra-
tion of data sets. In our present research work, use of an automated image registration
(AIR) program for the standardization of brain SPECT data has been elaborated. AIR
is an operator independent program that can register any brain image with respect to
any other specified image. During its working, it does not require anatomical informa-
tion of the images, rather, only voxel data is enough to complete the registration.

Before applying AIR to SPECT data, accuracy of this program for SPECT-SPECT
transformation was evaluated and then relative uptake values for Te¢-99m HMPAO in
various regions of the normal brain was calculated by region of interest method.
Intersubject accuracy was evaluated on brain images of 17 normal subjects (age 64.9::8.7
yrs). These were aligned and registered to a standard size and shape with the help of
AJR. Realigned images were overlaid on the reference image to determine the overlap
areas. Intrasubject accuracy was evaluated by realigning 20-degree rotated brain images
with an index calculated as the overlap area/overlap+non overlap area. Anatomical
variability between realigned target and reference images was evaluated by measurements
on corresponding X-ray CT scans, realigned using transformations established by the
SPECT images. Realigned brain SPECT images of 30 normal subjects (age 50.7£18.7 yrs),
including those subjects examined in the accuracy validation study were used to generate
mean and standard deviation images based on voxel values and mean values for rCBF
calculations. Images based on the mean value of each voxel (n=30) were compared with
other mean images prepared by the human brain atlas (HBA) standardization technique
on a voxel-by-voxel basis to generate T maps. Accuracy indices were 98.29%+0.6 and 99
9% =£0.2 respectively, from the intersubject and intrasubject evaluations. The maximum
anatomical variability was 4.7 mm after realignment. Student’s t-test comparisons of
mean HBA and AIR images revealed statistically significant differences for the deep
white matter, pons and occipito-temporal regions. These differences could be explained by

variation in the population being studied and the protocol for data handling by AIR and
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HBA. Hence it was concluded that AIR aligns and registers brain SPECT images with
acceptable accuracy without the necessity of MRI or X-CT scans.

Next, image registration concept was applied to establish the pattern of distribution of
Tc-HMPAO in patients with Alzheimer’s disease and to evaluate the effects of various
covariants by correlation analysis. Twenty patients of Alzheimer’s disease (age 71.1x7.4
yrs, CDR 1-3, MMS 17.8%+5.3) and fifteen age matched normal subjects (age 70.2+8.4
yrs) were enrolled. Tc-99m HMPAQO brain SPECT and X-ray CT scans were acquired for
each subject. SPECT images were transformed to a standard size and shape with the help
of AIR. Realigned brain SPECT images of patients and controls were used for group
comparison with the help of SPM96. Significant differences were displayed on the respec-
tive voxel to generate three dimensional Z-maps. X-ray CT scans of individual subjects
were evaluated by computer program for brain atrophy. Voxel-based covariance analysis
was performed on standardized images taking age of patients, severity of disease (CDR,
MMS) and atrophy indices as independent variables. Z-maps showed significantly de-
creased rCBF in the frontal, parietal and temporal regions in patient group (p<(0.001),
more marked in those patients having severe dementia. Covariance analysis revealed that
aging and severity of disease have pronounced effect on rCBF especially that of left
parietal region.

Finally, an objective method for the assessment of rCBF deficits in standardized brain
SPECT 1mages was developed, using a statistical image analysis protocol. The algorithm
was validated for its effective use in the clinical practice. Tc-99m HMPAO brain SPECT
images were acquired for 60 subjects (normal, n=40, patients with Alzheimer’s disease,
n=10, patients with depression, n=10). AIR was used to standardize the size and shape
of the brain structures for all the subjects. The images of the first 30 normal subjects
were used to construct a normal database. The CBF images of the other 10 normal and
the 20 patients were compared voxel by voxel with the normal database to map CBF
abnormalities by statistical evaluation. The results were compared with clinical evalua-
tion reports of CBF images. The expert system detected all the rCBF deficits reported by
the nuclear physicians. Some additional areas with special information like atrophy and
bilateral asymmetry were also pointed out by the expert system. We concluded that this
expert system can delineate CBF deficits with sufficiently high accuracy, differentiating
normal from abnormal CBF images by voxel-based comparisons. The use of an expert

system improves rCBF SPECT image evaluation.
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