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Use of automated image registration to generate mean brain
SPECT image of Alzheimer’s patients
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The purpose of this study was to compute and compare the group mean HMPAO brain SPECT
images of patients with senile dementia of Alzheimer’s type (SDAT) and age matched control
subjects after transformation of the individual images to a standard size and shape. Methods: Ten
patients with Alzheimer’s disease (age 71.6 £ 5.0 yr) and ten age matched normal subjects (age 71.0
+ 6.1 yr) participated in this study. Tc-99m HMPAO brain SPECT and X-ray CT scans were
acquired for each subject. SPECT images were normalized to an average activity of 100 counts/
pixel. Individual brain images were transformed to a standard size and shape with the help of
Automated Image Registration (AIR). Realigned brain SPECT images of both groups were used to
generate mean and standard deviation images by arithmetic operations on voxel based numerical
values. Mean images of both groups were compared by applying the unpaired t-test on a voxel by
voxel basis to generate three dimensional T-maps. X-ray CT images of individual subjects were
evaluated by means of a computer program for brain atrophy. Results: A significant decrease in
relative radioisotope (RI) uptake was present in the bilateral superior and inferior parietal lobules
(p < 0.05), bilateral inferior temporal gyri, and the bilateral superior and middle frontal gyri (p <
0.001). The mean brain atrophy indices for patients and normal subjects were 0.853 + 0.042 and
0.933 + 0.017 respectively, the difference being statistically significant (p < 0.001). Conclusion:
The use of a brain image standardization procedure increases the accuracy of voxel based group
comparisons. Thus, intersubject averaging enhances the capacity for detection of abnormalities in

functional brain images by minimizing the influence of individual variation.
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INTRODUCTION

ALZHEIMER’S DISEASE is a primary neuronal disorder
causing progressive loss of neurons and neuronal activ-
ity. Secondary to this change, there is a reduction in
regional cerebral blood flow (rCBF),! so that striking
abnormalities in rCBF have been detected in Alzheimer’s
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patients by a variety of techniques including PET? and
perfusion SPECT.3 Although the predominant rCBF
pattern observed with high posterior probability is one of
bilateral parieto temporal abnormality,® other patterns of
rCBF deficits have also been reported for patients suffer-
ing from senile dementia of Alzheimer type (SDAT)."®
However subjective evaluation employed in these cases
for comparison with controls meant that the sensitivity of
the rating procedures was limited.

Image averaging improves the signal to noise ratio and
takes into accounts individual variance, making the evalu-
ation more objective.*!° While such averaging procedures
enhance the confidence of findings, they require trans-
formation of the individual images into a specific/stan-
dard size and shape. The availability of various analyses,
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including arithmetical and statistical calculations on a
pixel by pixel basis means that a high degree of precision
can be achieved.'" Thus any deviation from the normal
pattern can be recognized and mapped out on the stan-
dard template.

Recently several studies have been performed with the
principle of standardization.'>** Group mean images of
normal control subjects and patients’ images have been
generated and compared to map the significant differ-
ences." Pixel by pixel comparisons of different images
are more accurate and reproducible than region of interest
(ROI) analyses. Voxel based comparison can detect small
changes that may not be distinguished by other types of
analyses because of their subjectivity or partial volume
effects.

Approaches to alignment/standardization of tomog-
raphic images include manual superimposition and deri-
vation of transformation matrices between images based
on their edge location in combination with other fiducial
markers,'s as well as methods based on area related
parameters and image correlation.!'® These vary in their
accuracy depending on the amount of information used in
computing the transformation matrices. AIR is a program,
recently developed by Woods et al.,'>?! which realigns
and registers any brain image with respect to another
specified reference image. Registration parameters are
computed only taking into account voxel based functional
data. The cost function based on standard deviation of
pixel by pixel ratios (other optional cost functions are also
available), is minimized to optimize the transformation
process. Since the program is non interactive and fully
automated, the results of AIR are consistent and reproduc-
ible. It has been applied for various types of registrations,
including intersubject SPECT images.!%2022-26

In this study we used AIR to standardize the size and
shape of individual brain SPECT images of Alzheimer
patients and age matched normal subjects. Arithmetic
calculations were performed on voxel values of indi-
vidual images to generate three dimensional group mean
images for further analyses.

MATERIALS AND METHODS

A total of 10 patients with Alzheimer’s disease (age 71.6
* 5.0 yr) and 10 age matched normal subjects (age 71.0+
6.1 yr) participated in the study. Written informed consent
was obtained in all cases according to the declaration of
human rights of Helsinki 1975. All the subjects were right
handed as assessed by the H.N. handedness inventory.
None of the control subjects had any previous signs or
symptoms of any disease that could effect CBF studies,
and demonstrated normal X-ray CT scans taken immedi-
ately after SPECT measurements. All of the patients had
been in follow up for at least one year after clinical
diagnosis of probable SDAT according to the Diagnostic
and Statistical Manual of Mental Disorders (DSM-1V)
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and National Institute for Neurological & Communica-
tive Disorders & Stroke/Alzheimer’s Disease & Related
Disorders Association (NINCDS-ADRDA). Patients were
examined according to mini mental state (MMS) and
clinical dementia rating (CDR) scales. CDR was rated 1
for all the patients and the MMS score ranged from 16 to
22 in these patients, confirming early and mild stage
SDAT. SPECT studies were performed on patients before
starting any medication, but their scans were included in
the study after completion of a one year follow up, to make
sure that all the subjects had SDAT.

SPECT

Each SPECT scan was performed 10 minutes after an
intravenous bolus injection of Tc-99m HMPAO (1036~
1054 MBq) with the subject lying supine with eyes closed
during the injection and acquisition periods. A SPECT
scanner (SPECT-2000H, Hitachi Medico Corp, Tokyo,
Japan),” incorporating a four head rotating camera with
an in-plane and axial resolution of 8 mm full width at half
maximum (FWHM) fitted with low energy—high resolu-
tion collimators, was used for all measurements. Image
reconstruction was performed by filtered back projection
with a Butterworth filter (dimension 12, cut off 0.25 cycle/
pixel). Attenuation correction was made numerically by
assuming the object shape to be an ellipse for each slice
and the attenuation coefficient to be uniform (0.1/cm).
Correction for scatter photons was not performed. Image
slices were set up parallel to the cantho-meatal (CM) line
and obtained at 8 mm intervals through the entire brain.
After SPECT measurements, X-ray CT scans were ob-
tained with the same CM line as applied for SPECT in all
subjects. All reconstructed images were transferred to a
UNIX Work Station for further analysis.

Mean image generation
SPECT images were globally normalized by averaging
the whole brain radioactivity to 100 counts per pixel.
After this normalization, all SPECT images were regis-
tered with respect to a standard image to make target
images similar in size and shape by AIR, using linear and
non-linear parameters. The option of unidirectional fitting
was selected during affine model fitting. Sinc interpola-
tion was used to avoid post reconstruction resampling
artifacts. Smoothing of images was done with a Gaussian
filter with isotropic dimensions of 10 mm. The mean
SPECT HMPAO image of 18 normal subjects obtained in
another study'? in this department with HBA system? was
taken as a standard. Therefore, after standardization by
AR, the brain image of each subject was transformed into
the same size and shape as the standard brain of the HBA
system. Then mean and standard deviation images were
calculated on a voxel by voxel basis for patients and
control subjects.

The mean HMPAO brain SPECT image of the patients
was statistically compared with that for the control group,
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b
g Fig.1 Group mean Tc-99m HMPAO SPECT images of SDAT patients (a) and normal subjects (b).
The mean global value is 100 counts/pixel. Horizontal slices are with reference to the Telairach grid.
The anterior represents the top of the image and subject’s right is on the left.
: voxel by voxel. The two sample t-test was applied and as statistically significant, corresponding to a level of
resulting t values were displayed as color codes on p <0.05.
the corresponding pixels to generate three dimensional X-ray CT scans of all the subjects were evaluated by
, T-maps after cluster analysis. Values over 2.1 were taken radiologists for any abnormality and a Brain Atrophy
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Fig.2 T-map showing two sample ‘t’ values (mean image of normal subjects — mean image of SDAT
patients) displayed on corresponding pixels of the brain image superimposed on MRI. The threshold
setting is at 2.1 corresponding to a significance level of p < 0.05.

Index (BAI) was calculated for each subject with a com-
puter program.? Brain tissue, cranial bone and CSF space
were specified with their CT numbers at CT sections 50
mm to 90 mm above the CM line with an interslice interval
of 10 mm. The cut-off level of CT numbers for the brain
from CSF was 22 and that for bone from CSF was 200.
The BAI was calculated as:

Volume of CSF Space
Volume of Cranial Cavity

BAI= x 100

RESULTS

Figure 1 (a, b) shows mean rCBF images of patients and
age matched control subjects. Mean images of patients
with SDAT show bilateral parieto temporal deficits. In
addition to this, frontal regions also show lower uptake of
radioactivity. Ventricular/periventricular regions, the dis-
tance between caudate nuclei (slice at 0 level) and lateral
sulci are wider in the patients’ group. These findings are
consistent with morphological data of X-CT scans. Figure
2 shows a T-map of significant differences in the bilateral
superior and inferior parietal lobules, bilateral inferior
temporal gyri, bilateral superior frontal gyri, and cerebel-
lum and white matter (p < 0.05).

Brain atrophy indices calculated with the computer
program significantly differed between the two groups
(p < 0.001), the mean values being 0.853 + 0.042 and
0.933 £ 0.017 for patients and controls, respectively.
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DISCUSSION

Dementia is acommon problem of old age and Alzheimer’s
disease is by far the most prevalent type, accounting for
about two thirds of all the cases.** SPECT CBF imaging
is an important tool for diagnostic work up of SDAT
patients. The present prospective study, aimed at the
evaluation of rCBF abnormalities in group mean images
of Alzheimer’s patients revealed decreased metabolism
in the frontal, parietal and temporal lobes, but the primary
cortical areas and subcortical regions were unaltered.

Differences in the RI uptake value in almost all the
cortical regions were apparent in mean rCBF images of
patients and control subjects (Fig. 1a, b), but statistical
significance was limited to severely degraded areas ap-
parent on the T-map (Fig. 2). Metabolic disturbances of
cerebral regions noted in SDAT patients were statistically
significant only when the disruption was massive. This
might be related to the fact that these measures have a
smaller variance than the absolute metabolic rates (10%
vs. 20-30%).*!

Changes in functional coupling between various re-
gions of the brain could not be explained by simple
geriatric change because of its lack in controls. The
relatively increased uptake of RI in mean images of the
patients’ group in white matter and cerebellum reflects the
global normalization (taking whole brain activity as a
reference). As assessed in most clinical studies, we here
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mainly considered changes in relative CBF. Since medi-
cation may effect CBF images through metabolic alter-
ations,” % we performed our studies before starting any
medication, to avoid this problem.

Although brain image standardization and averaging
facilitate pixel by pixel comparisons, theoretically error
could arise from the original rCBF values. The standard
brain image used in our study was the mean of HMPAO
images for healthy volunteers with an average age of 51
(range 34-63 years). The average age of the target sub-
jects, in contrast, was around 70 years, but, because both
groups are treated equally, this effect may have been
minimized if not canceled out altogether. The interpola-
tion artifacts during post-reconstruction resampling were
minimized by using sinc interpolation. Other factors
which may lead to erraneous results could be differences
in partial volume effects during discrete sampling of the
signal and systematic biases during unidirectional reori-
entation of images. These factors are more deleterious for
ROI type of analyses than voxel based comparisons.
Considering these factors we limit our analysis to T-maps.
Even then caution should be taken and individual results
should be assessed carefully.

Relatively advanced atrophy observed in patients ap-
pears due to disease rather than simple aging processes.
Effects of atrophy itself on rCBF SPECT images were not
corrected because atrophy contains information related to
the disease process. Moreover, we believe that compari-
son with age matched normal subjects cancels out any
atrophy related to physiological aging. The remaining
part of atrophy is merely due to disease, which should be
evaluated as a part of the results. In one of our previous
reports, we successfully registered SPECT images after
introduction of artificial cold defects (equal to 20 m/
volume) with the help of AIR.*® Extrapolation to the
clinical environment suggests that advanced atrophy in
patients does not yield or propagate any error during
registration of SPECT rCBF images by AIR.

Most studies assessing the accuracy of SPECT in
SDAT have been retrospective with patient selection
based on the diagnosis established at the time of
scintigraphic evaluation. Prospective and consecutive
studies, while difficult to perform because of the long
follow up, are more accurate guides for clinical practice.*
We therefore coupled our image analysis of consecutive
cases with a clinical follow up of sufficient duration to
reduce diagnostic uncertainty. As a result, the number of
the patients that could be definitely classified as having
SDAT was only 46% (10/22) of the total patient popula-
tion at the commencement. To our knowledge this is the
first HMPAO SPECT study performed on strictly screened
patients and aimed at the preparation of a mean image
for Alzheimer’s patients after registration of individual
images by AIR. Effective comparison of group mean
images of patients with that of age matched normal
subjects thereby proved possible and the data generated in
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this prospective study should be useful as a reference for
future projects.

CONCLUSIONS

Use of the standardization procedure enhances the confi-
dence of characteristic findings. It also facilitates voxel
based comparisons (intersubject/intrasubject) allowing
increased sensitivity and precision. Thus this pixel by
pixel approach can detect small changes that may be
overlooked by other types of analyses because of their
subjectivity or partial volume effects.
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