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Multivariate spatial covariance analysis of 99mTc-exametazime
SPECT images in dementia with Lewy bodies and Alzheimer’s
disease: utility in differential diagnosis
Sean J Colloby1, John-Paul Taylor1, Christopher M Davison1, Jim J Lloyd2, Michael J Firbank1, Ian G McKeith1 and John T O’Brien3

We examined 99mTc-exametazime brain blood flow single-photon emission computed tomography (SPECT) images using a spatial
covariance analysis (SCA) approach to assess its diagnostic value in distinguishing dementia with Lewy bodies (DLB) from
Alzheimer’s disease (AD). Voxel SCA was simultaneously applied to a set of preprocessed images (AD, n¼ 40; DLB, n¼ 26),
generating a series of eigenimages representing common intercorrelated voxels in AD and DLB. Linear regression derived a spatial
covariance pattern (SCP) that discriminated DLB from AD. To investigate the diagnostic value of the model SCP, the SCP was
validated by applying it to a second, independent, AD and DLB cohort (AD, n¼ 34; DLB, n¼ 29). Mean SCP expressions differed
between AD and DLB (F1,64¼ 36.2, Po0.001) with good diagnostic accuracy (receiver operating characteristic (ROC) curve area 0.87,
sensitivity 81%, specificity 88%). Forward application of the model SCP to the independent cohort revealed similar differences
between groups (F1,61¼ 38.4, Po0.001), also with good diagnostic accuracy (ROC 0.86, sensitivity 80%, specificity 80%). Multivariate
analysis of blood flow SPECT data appears to be robust and shows good diagnostic accuracy in two independent cohorts for
distinguishing DLB from AD.
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INTRODUCTION
Dementia with Lewy bodies (DLB) is the second most common
form of neurodegenerative dementia after Alzheimer’s disease
(AD), with diagnosis based on revised consensus criteria.1

Histopathologically, DLB is characterized by the presence of
cortical and subcortical Lewy bodies while clinically the core
diagnostic features of DLB are (1) recurrent visual hallucinations
that are typically well-formed and detailed, (2) cognitive
fluctuations with variations in attention and alertness, and (3)
spontaneous motor features of parkinsonism. The presence of two
or three of these core signs is sufficient for a diagnosis of probable
DLB.1 However, distinguishing DLB from AD continues to be
difficult because of overlapping clinical and neuropathological
features.2,3 Nevertheless, the accurate identification and
differentiation of DLB and AD is particularly important as this
affects patient management. Those with DLB exhibit adverse
sensitivity to neuroleptics, a positive response to cholinesterase
inhibitors especially for noncognitive symptoms4 and, compared
with AD, a different prognosis.5,6 Methods that can improve the
diagnostic accuracy of DLB and AD are therefore of great value.
Dopaminergic imaging is one approach that has been widely
studied, and yields sensitivity of 75% to 80% and specificity of
90%.7,8 However, it still has relatively limited availability, requires

thyroid blocking, and a 3-hour wait between injection and
imaging, and can misdiagnose at least 20% of DLB cases.7 In
addition, it may not suitable for all subjects and other biomarkers
of similar or higher diagnostic accuracy is needed.

Studies investigating group differences in regional cerebral
blood flow (rCBF) between DLB and AD using single-photon
emission computed tomography (SPECT) imaging have broadly
reported consistent results. Using region of interest methods,
occipital, frontal, and parietal lobe perfusion deficits have been
observed in DLB relative to AD, with relative preservation of
temporal lobe perfusion.9–11 Using voxelwise procedures, reduced
rCBF in occipital cortex as well as in the precuneus has been
shown in DLB compared with AD.12–14 Results from visual rating
are less consistent,15,16 with some even reporting similar patterns
of hypoperfusion between DLB and nonDLB cases.17 Quantitative
uptake measures in specific brain regions have also been used as
markers to assess diagnostic performance of perfusion SPECT
imaging in distinguishing DLB from AD. Using medial occipital
lobe uptake as the classification variable, sensitivity in diagnosing
DLB ranged from 75% to 85% while specificity in detecting AD
was 78% to 85%.13,14 Studies that used multiple ROIs in
discriminant functions have also been explored, but results have
been variable (sensitivity 65% to 90%, specificity 64% to 80%).9–11
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Therefore, while there is general consensus that group differences
in rCBF exist between AD and DLB, the accuracy of single
measures and discriminant functions and how these markers can
be generalized and applied to independent populations in
diagnosing individual subjects with AD and DLB is still unclear.

Quantification methods in evaluating perfusion brain SPECT
deficits between AD and DLB have largely adopted a univariate
approach that treats each ROI or voxel as an independent
measure across brain regions, and ignores the extensive functional
and structural connections between them. An alternative method,
a multivariate perspective, which determines the spatial covar-
iance of a set of images, overcomes the concept of functional
segregation and provides important information regarding the
interactions between brain regions. One form of voxel spatial
covariance analysis (SCA) is the scaled subprofile model,18 an
extension of principal component analysis (PCA), which generate a
series of PCA eigenimages of brain uptake representing significant
sources of variance in the data that may also reflect specific
disease characteristics. These procedures have previously been
applied to positron emission tomography and SPECT images in
neurodegenerative disorders such as Parkinson’s disease19–21 and
AD.22–24

Because of differences between DLB and AD in terms of their
clinical and cognitive presentation, and differences in patterns of
rCBF based on more traditional methods of analysis, the aim of the
present study was to examine 99mTc-exametazime SPECT images
with a voxel SCA approach, to identify a voxel spatial covariance
pattern (SCP) that differentiated DLB from AD. The validity of the
derived pattern was then tested by application to an independent
AD and DLB cohort. We hypothesized that multivariate methods
would lead to greater diagnostic discrimination between groups
than previously published univariate methods.

MATERIALS AND METHODS
Subjects
The study populations consisted of two distinct DLB and AD cohorts: a
model derivation sample (40 AD, 26 DLB) and an independent test or
validation group (34 AD, 29 DLB). All subjects were recruited from a
community-dwelling population who had been referred to local old age
psychiatry, neurology or geriatric medicine services and studies were
approved by the local research ethics committee and UK Department of
Health’s Administration of Radioactive Substances Advisory Committee. All
participants and the nearest relative (for patients who lacked capacity)
gave informed written consent. All individuals underwent detailed
physical, neurologic, and neuropsychiatric examinations, which included
history, mental state, and physical examination. Investigations included
routine hematology and biochemistry screening, thyroid function tests,
syphilis serology, vitamin B12 and folate levels, chest X-ray, and head CT
scan. Global cognitive function was tested using the mini-mental state
examination (MMSE).25 Parkinsonism was rated using the motor subsection
of the Unified Parkinson’s Disease Rating Scale (UPDRS III).26 Diagnosis
of patients was undertaken before (and therefore blind to) SPECT
imaging using the NINCDS-ADRDA criteria for AD,27 and for DLB, the
original (independent cohort) and revised (derivation cohort) consensus
criteria’s.1,28 For the model derivation sample: 40 patients were diagnosed
as ‘probable’ AD and 26 patients as ‘probable’ DLB. The independent
validation group comprised: 4 neuropathologically confirmed, 28
‘probable’ and 2 ‘possible’ AD; and 7 neuropathologically confirmed,
18 ‘probable’ and 4 ‘possible’ DLB.

99mTc-Exametazime Single-Photon Emission Computed
Tomography Scanning
Model derivation sample. Patients were scanned using a double-headed
gamma camera (Siemens Symbia S, Erlangen, Germany) fitted with a low-
energy high-resolution parallel hole collimator within 30 minutes after a
bolus intravenous injection of 500 MBq of 99mTc-exametazime (Ceretec, GE
Healthcare, Amersham, UK). One hundred and twenty (60 per detector)
25 seconds views over a 3601 orbit were acquired on a 128� 128 matrix,
pixel and slice thickness 3.9 mm. Imaging time was 25 minutes. Images

were reconstructed using filtered backprojection with a Butterworth filter
(order 8, cutoff 0.35 cycles/cm). Axial resolution was 12 mm full width at
half maximum. Reconstructed images were corrected for gamma ray
attenuation using Chang’s algorithm (uniform attenuation coefficient,
m¼ 0.14/cm). Scatter correction was not applied.

Independent test sample. Patients were scanned using a triple-headed
rotating gamma camera (Picker 3000XP, Picker, North Rhine-Westphalia,
Germany) fitted with a high-resolution fan-beam collimator, B10 minutes
after a bolus intravenous injection of 500 MBq of 99mTc-exametazime.
Three hundred and sixty (120 per detector) 15 second views over 3� 3601
orbit were acquired on a 128� 128 matrix with a pixel and slice thickness
of 3.5 mm. Imaging time was 30 minutes. Axial resolution was 12 mm full
width at half maximum. Images were reconstructed using filtered
backprojection with a Butterworth filter (order 13, cutoff 0.2 cycles/cm).
Reconstructed images were corrected for gamma ray attenuation using
Chang’s algorithm (uniform attenuation coefficient, m¼ 0.11/cm). Scatter
correction was not applied.

Within 3 months of their 99mTc-exametazime scan the majority of
patients in the independent test sample (AD, n¼ 31; DLB, n¼ 27)
also underwent an 123I-FP-CIT (DaTSCAN, GE Healthcare) SPECT scan.
Acquisition and processing of scans have been previously outlined.8

Spatial Preprocessing
All images from both data sets were spatially normalized using an affine
transform (12 parameters) to match a 99mTc-exametazime SPECT template
in standard MNI (Montreal Neurological Institute; http://www.bic.mni.
mcgill.ca/) space using FMRIB’s linear image registration tool (http://
www.fmrib.ox.ac.uk/fsl/flirt/index.html). Generation of the template image
has been previously described.15 Images were then visually inspected to
ensure accuracy of registrations. Next, a 16-mm full width at half maximum
3D Gaussian filter was applied to the registered scans, producing spatially
smoothed images. Lastly, scans were intensity scaled to their mean whole-
brain uptake defined from an SPECT binary mask image.

Multivariate Spatial Covariance Analysis
Voxel-based scaled subprofile model/PCA was simultaneously applied to
the preprocessed images of the derivation sample (AD, n¼ 40; DLB, n¼ 26)
using the generalized covariance analysis software suite (http://www.
nitrc.org/projects/gcva_pca/).29 This captured the major sources of
between and within group variation. An SPECT binary mask image
defined the brain volume subspace for voxelwise analyses. This generated
a series of 66 PCA eigenimages that were organized in a decreasing order
of variance for each subsequent eigenimage. Voxels participating in each
eigenimage may have either positive or negative weights, where the
weights express the strength of interaction between voxels that contribute
to the eigenimage. Voxels with positive and negative weighting can be
interpreted as exhibiting concomitant increased and decreased blood flow,
respectively. Once calculated, eigenimage weights were fixed and
equal for all subjects. The degree to which a subject expressed each
eigenimage{i¼ 1y.66} was by means of a subject scaling factor
(SSF{i¼ 1y.66}), where a higher SSF score represents more concurrent
increased flow of voxels with positive weights and more concurrent
decreased flow of voxels with negative weights.

To identify an SCP that best-discriminated DLB from AD, each
individual’s SSFs{i¼ 1y.66} were entered into a linear regression model as
predictor variables with group membership (DLB versus AD) as the
dependent variable. Akaike’s information criteria was used to determine
how many eigenimages{i} should be included in the regression to achieve
optimal bias-variance trade-off.30 Eigenimages {1, 2, 3, 6, 7, and 11}, which
initially captured 44.1% of the total data variance, produced the lowest
value of Akaike’s information criterion and were selected as predictors for
the regression model. The resulting linear combination of these
eigenimages generated the model SCP that optimally distinguished DLB
from AD, accounting for up to 13.8% of the total data variance. The degree
to which each subject expressed the model SCP was represented by the
SSF{model_SCP}, and used as the multivariate imaging marker.

To investigate the diagnostic value of the model SCP in discriminating
DLB from AD, the SCP was applied then to the independent AD and DLB
test sample (AD, n¼ 34; DLB, n¼ 29). This was performed by operation of
forward application, where every voxel in a subject scan is multiplied by
the corresponding voxel weight in the SCP and summed over the brain
volume subspace defined by the SPECT binary mask image. The resultant
number denotes to what extent a subject characterizes the model SCP.
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Using this technique, each individual’s SSF of the model SCP was
computed SSF{model_SCP}.

Univariate Analysis
The spatially preprocessed images of the derivation sample were then
investigated on a voxelwise univariate basis using statistical parametric
mapping (SPM8; http://www.fil.ion.ucl.ac.uk/spm) and MATLAB 7.9 (Math-
works, Cambridge, UK). Differences in rCBF between DLB and AD were
assessed using the general linear model (two-sample t-test) in SPM8. The
SPECT binary mask image defined the voxels for analysis. Results were
corrected for multiple comparisons using the FWE (familywise error)
threshold of PFWEp0.05.

Statistical Analyses
Data were exported into the Statistical Package for Social Sciences
software (SPSS version 19.0, http://www-01.ibm.com/software/analytics/
spss/products/statistics/) for further statistical evaluation. Continuous
variables were tested for normality of distribution using the Shapiro-Wilk
test and visual inspection of variable histograms. Differences
in demographic, clinical, and imaging variables were examined
where appropriate using parametric (ANOVA) and nonparametric
(w2, Mann–Whitney U) tests. Diagnostic characteristics of the SCP
expressions in distinguishing DLB from AD was determined from receiver
operating characteristic (ROC) curve analysis.31 All statistical tests were
reported as significant if Pp0.05.

RESULTS
Subject Demographics and Clinical Characteristics
Table 1 shows demographic and clinical characteristics of the
derivation and independent populations. Both data sets exhibited
similar profiles between AD and DLB, where groups were matched
for gender, age, MMSE, and Cambridge Cognitive Examination
(CAMCOG). Motor scores (UPDRS III) were, as expected,
significantly higher in DLB than in AD.

Multivariate Spatial Covariance Analysis
The voxel SCP identified with multivariate SCA in distinguishing
DLB from AD is presented in Figure 1A. Negative weights
(concomitant decreased rCBF) were observed bilaterally in medial
temporal, putamen, thalamus, medial orbitofrontal, superior
frontal, and pre/post central regions as well as in pons/midbrain
and anterior cerebellum. Positive weights (concomitant increased
rCBF) were observed bilaterally in caudate, lingual, precuneus,
occipital; middle frontal, anterior, and posterior cingulate as well
as unilaterally in right superior temporal, right middle temporal,

and right posterior cerebellum. The SCP expression scores
(SSF{model_SCP}), representing the extent to which a subject
expresses the topography, were significantly higher in AD than
in DLB (F1,64¼ 36.2, Po0.001). Figure 1B shows the distribution of
SSF{model_SCP} scores in these groups (mean±s.d., AD¼ 3.25±1.92,
DLB¼ 0.22±2.11). The ROC curve analysis was then used to
determine the diagnostic value of using SSF{model_SCP} scores in
classifying AD and DLB according to clinical diagnosis. Diagnostic
characteristics (ROC curve area±standard error, ‘optimal’ sensi-
tivity and specificity) was (0.87±0.05, 81%, 88%), indicating ‘very
good’ accuracy.

Forward Application to the Independent Alzheimer’s Disease
Dementia with Lewy Bodies Cohort
When the model SCP was forwardly applied to the independent
AD DLB groups, pattern expressions were once again significantly
higher in AD than in DLB (F1,61¼ 38.4, Po0.001; mean±s.d.,
AD¼ 4.69±2.80, DLB¼ 0.13±3.04). The ROC curve analysis

Table 1. Demographic and clinical characteristics of the derivation
and independent cohorts

AD DLB P value

Derivation
n 40 26
Gender (m:f ) 24:16 19:7 w2¼ 1.2, P¼ 0.3
Age (years) 75.7±7.3 75.9±5.2 F1,64 ¼ 0.03, P¼ 0.9
MMSE (max. 30) 21.0±3.6 21.5±4.5 F1,64¼ 0.2, P¼ 0.6
CAMCOG (max. 107) 71.1±11.3 70.6±15.9 F1,64¼ 0.02, P¼ 0.9
UPDRS III (max. 108) 3.6±3.2 25.4±13.0 U¼992.0, Po0.001

Independent
n 34 29
Gender 13:21 17:12 w2¼ 2.6, P¼ 0.1
Age 78.6±5.6 75.7±6.8 F1,61¼ 3.5, P¼ 0.07
MMSE 17.5±4.8 16.3±5.5 F1,61¼ 0.9, P¼ 0.4
CAMCOG 58.5±15.4 60.7±14.5 F1,61¼ 0.33, P¼ 0.6
UPDRS III 5.7±5.3 26.9±15.0 U¼899.0, Po0.001

AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; MMSE, mini-
mental state examination; CAMCOG, Cambridge Cognitive Examination;
UPDRS, Unified Parkinson’s Disease Rating Scale. Values expressed as
mean±1s.d. Bold text denotes significant differences.

Figure 1. Orthogonal views of the spatial covariance pattern (SCP)
that differentiates Alzheimer’s disease (AD) and dementia with Lewy
bodies (DLB) superimposed onto a magnetic resonance imaging
(MRI) template (A). Distribution of SSF{model_SCP} scores in AD (n¼ 40)
and DLB (n¼ 26) (B). Reference line denotes the threshold
for ‘optimum’ DLB sensitivity and AD specificity. SSF, subject
scaling factor.
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revealed ‘optimal’ diagnostic characteristics of 0.86±0.05, 80%,
and 80%, respectively, showing ‘very good’ accuracy in classifying
AD and DLB in line with clinical diagnosis. However, to simulate
the realistic context of a clinical application on a subject-by-
subject basis, we used the decision threshold that gave the
optimal sensitivity and specificity in the derivation sample.
Therefore, the ‘clinically meaningful’ scores were DLB sensitivity
72% and AD specificity 88%. Figure 2 shows the scatter of
SSF{model_SCP} scores in the independent sample, while cases
above and below the reference line were classified as ‘multivariate
AD’ and ‘multivariate DLB’, respectively.

Comparison Between Multivariate Spatial Covariance Analysis and
123I-FP-CIT Imaging in Diagnosing Alzheimer’s Disease and
Dementia with Lewy Bodies
For the independent AD DLB cohort, subjects with both 99mTc-
exametazime and 123I-FP-CIT SPECT scans (AD, n¼ 31; DLB, n¼ 27)
were compared with respect to their diagnostic performance in
classifying AD and DLB in line with clinical diagnosis. For 123I-FP-
CIT, a consensus visual rating score was used as the classification
variable as previously reported.8,15 The ROC curve analysis
revealed diagnostic characteristics of (0.80±0.06, 72%, 90%) and
(0.83±0.06, 81%, 84%) for the multivariate SCA approach and 123I-
FP-CIT visual rating, respectively, indicating similar diagnostic
accuracy in this cohort (D¼ 0.02±0.09, Z¼ 0.3, P¼ 0.80). Table 2

depicts the association between 123I-FP-CIT imaging and the
multivariate SCA measures in classifying AD and DLB using clinical
diagnosis as the ‘gold’ standard. There were five AD and five DLB
subjects misdiagnosed using 123I-FP-CIT imaging; of these, four AD
and two DLB were correctly classified by SCA.

Correlation of Spatial Covariance Pattern Expression with
Demographic and Clinical Variables
For both cohorts, the relationship between SCP expression
(SSF{model_SCP}) and gender, age, MMSE, CAMCOG, and UPDRS III
was investigated separately in AD and DLB. No significant effects
were observed between these variables and SCP expression in AD
(derivation sample: rp0.1, PX0.28; independent sample: rp0.1,
PX0.3) and DLB (rp0.31, PX0.06; rp0.19, PX0.17).

Univariate SPM8 Analyses
Figure 3A illustrates the univariate voxelwise results between AD
and DLB using SPM8. A significant reduction in rCBF in AD relative
to DLB was observed in the left parahippocampal gyrus (t-statistic
5.7, Z-score 5.1, cluster-extent{k}, 194). No significant reductions in
rCBF were observed in DLB relative to AD. Mean counts/voxel
within the significant cluster were then extracted for all spatially
preprocessed images using the SPM toolbox MarsBaR (MARSeille
Boı̂te À Région d’Intérêt).32 The cluster data were then used as a
univariate imaging marker. Figure 3B shows the distribution
of mean counts/voxel for the cluster data in the derivation cohort
that differed between groups (AD¼ 45.57±2.34, DLB¼
49.08±2.25, F1,64¼ 36.4, Po0.001). Diagnostic characteristics of
the imaging marker was (0.86±0.05, 73%, 81%), indicating ‘good’
diagnostic performance. When applied to the independent
sample, significant differences were observed among groups
(AD¼ 43.53±2.81, DLB¼ 45.83±2.78, F1,61¼ 10.6, P¼ 0.002);
however, diagnostic accuracy was lower (0.73±0.06, 31%, 94%).
Figure 3C shows the scatter of mean counts/voxel for cluster data
applied to the independent sample (reference line denotes the
‘clinically meaningful’ threshold). Relative to the multivariate
approach, significant differences were found between their ROC
curve areas (D¼ 0.13±0.06, Z¼ 2.2, P¼ 0.03), indicating that in
this sample, diagnostic accuracy was superior using the multi-
variate method compared with the univariate approach.

DISCUSSION
In the present study, a voxel SCP was derived from 99mTc-
exametazime SPECT scans and was found to significantly
differentiate AD from DLB. The pattern (expressed higher in AD
than in DLB) comprising a linear combination of six eigenimages
that accounted for up to 13.8% of the total data variance, where
each eigenimage exhibited brain voxels with high spatial
covariance. The voxel SCP showed concomitant decreased rCBF
in medial temporal, subcortical, medial orbitofrontal, superior
frontal, post central, pons, midbrain, and anterior cerebellum. It
also revealed concomitant increased rCBF in occipital, precuneus,
middle frontal, cingulate, superior and middle temporal and
posterior cerebellum. The SCP broadly characterizes concurrent
hypoperfusion of the medial temporal lobes with relative
preservation of posterior structures including occipital and
precuneus in AD relative to DLB. Expressions of SCP were then
used as a classification variable in diagnosing AD and DLB
according to clinical diagnosis, where results revealed very good
diagnostic performance (DLB sensitivity 81%, AD specificity 88%).
Validity of the model SCP was investigated by forward application
of the derived pattern to an independent AD DLB cohort, where
the pattern expression was also found to be significantly different
between AD and DLB (AD4DLB). Diagnostic performance of the
model SCP on the test cohort showed a consistent level of
discrimination between DLB and AD (clinically meaningful values:

Figure 2. Forward application of the model spatial covariance
pattern (SCP) to an independent AD DLB cohort. Distribution of
SSF{model_SCP} scores in AD (n¼ 34) and DLB (n¼ 29). Reference line
denotes the ‘clinically meaningful’ threshold. Cases above
and below the reference line are classified as ‘multivariate AD’
and ‘multivariate DLB’, respectively. AD, Alzheimer’s disease; DLB,
dementia with Lewy bodies; SSF, subject scaling factor.

Table 2. The association between FP-CIT SPECT imaging and the
multivariate SCA approach in classifying AD and DLB in accordance
with clinical diagnosis

AD (n¼ 31) DLB (n¼ 27)

FP-CIT
positive

FP-CIT
negative

FP-CIT
positive

FP-CIT
negative

Multivariate
DLB

1 2 17 2

Multivariate
AD

4 24 5 3

AD, Alzheimer’s disease; DLB, dementia with Lewy bodies;
MMSE, mini-mental state examination; SCA, spatial covariance analysis;
SPECT, single-photon emission computed tomography.
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DLB sensitivity 72%, AD specificity 88%). The relationship between
SCP expression and gender, age, MMSE, CAMCOG, and UPDRS III
did not reveal any significant correlations in AD or DLB for either
cohort. This suggests either that cognitive measures may have
lacked sensitivity or that the SCP may not reflect dementia or
motor severity. Univariate analysis of the derivation cohort
showed a significant perfusion deficit in the left parahippocampal
gyrus in AD relative to DLB which in turn was used as a univariate
imaging marker. Diagnostic characteristics on the derivation
sample were as expected ‘good’; however, when applied to the
independent sample, diagnostic performance was much less
accurate, especially in DLB. The findings suggest that in these
cohorts, the multivariate method was superior to the univariate
approach in classifying AD and DLB. Others have also revealed the
superior diagnostic utility of the multivariate SCA approach over
univariate procedures in diagnosing AD from healthy individuals
using 18F-fluorodeoxyglucose positron emission tomography
imaging.22

The diagnostic role of perfusion brain SPECT in differentiating
DLB from AD has been investigated with occipital rCBF uptake
chosen as the classification variable. The studies showed a variable
DLB sensitivity and AD specificity of 65% to 85% and 71% to 87%,
respectively.10,11,13,14,33 Studies using 18F-fluorodeoxyglucose
positron emission tomography have largely shown greater
diagnostic accuracy than perfusion SPECT in distinguishing DLB
from AD.34,35 The DLB sensitivity and AD specificity are quoted as
ranging from 86% to 92% and from 80% to 92%, respectively,
although such results should be viewed with caution because of
the relatively small samples studied and indeed larger more
recent AD DLB positron emission tomography study was found
to be less accurate (sensitivity 64%, specificity 65%).36 123I-MIBG, a
myocardial scintigraphic SPECT tracer that detects early

disturbances of the sympathetic nervous system, has shown
excellent diagnostic performance in DLB in selected samples.
Hanyu et al33 revealed high diagnostic accuracy in DLB and AD
(sensitivity 100%, specificity 92%), while a recent meta analysis
showed a pooled DLB sensitivity of 98% and nonDLB specificity of
94%,37 although these authors indicated that while showing
promise, further research with 123I-MIBG in multicenter cohorts
with neuropathological confirmation is required to confirm the
high diagnostic accuracy of MIBG scintigraphy in DLB.

Dopaminergic 123I-FP-CIT SPECT is, perhaps, the most estab-
lished diagnostic tool in the differential diagnosis of DLB and AD.
A study of autopsy confirmed cases reported DLB sensitivity 88%
and nonDLB specificity 100%.38 For antemortem cases, DLB
sensitivity of 78% and AD specificity of 88% were observed,8

while a mean DLB sensitivity of 78% and mean nonDLB specificity
of 90% were concluded from a multicenter study.7 Interestingly, a
similar degree of diagnostic accuracy was found in the present
study between the multivariate approach of blood flow data and
123I-FP-CIT visual rating in a sample that included most of the
independent AD and DLB cohort. While FP-CIT remains the best-
validated imaging biomarker for DLB to date, and so the ‘gold
standard’, the multivariate approach clearly shows great promise
and, if replicated by others, may prove a useful alternative to
FP-CIT imaging if such imaging is not available. Interestingly, in
the independent cohort where both FP-CIT and perfusion SPECT
data were available (31 AD and 27 DLB), a subject with two
positive test results (multivariate DLB, positive FP-CIT) was 19.5
times (Po0.001) more likely to be DLB than AD. Similarly, a subject
with two negative test results (multivariate AD, negative FP-CIT)
was 7.0 times (Po0.001) more likely to be AD than DLB.
Therefore, there may also be some utility in having both
diagnostic tests that would perhaps increase diagnostic

Figure 3. Univariate SPM8 results (PFWEp0.05) superimposed on a magnetic resonance imaging (MRI) template (A). The significant region of
interest (ROI) cluster was chosen as a univariate marker and applied to the model derivation (B) and independent test (C) AD DLB cohorts.
Reference lines denote the ‘clinically meaningful’ threshold. AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; FWE, familywise error.
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confidence in DLB, although clearly a larger independent
prospective cohort study using both of these diagnostic tests
would be required to confirm this.

Advantages of the present study include: relatively large DLB
populations in the derivation and independent cohorts, validation
of the SCP approach on an independent data set, and the
availability of FP-CIT imaging in this cohort. Potential weaknesses
were the low numbers of autopsy confirmed diagnoses and
therefore the reliance on clinical diagnosis as the ‘gold standard’.
The SCP model was derived from unbalanced AD (n¼ 40) and DLB
(n¼ 26) samples, which may to some extent have biased the
model toward AD; therefore unsurprisingly, the clinically relevant
AD specificity in the independent cohort remained consistent
while DLB sensitivity was slightly reduced. A model generated
from balanced samples could ‘optimize’ case detection in that
cohort. There were also a number of clinically diagnosed ‘possible’
AD and DLB cases in the independent sample (two AD and four
DLB). However, all but one of these ‘possible’ cases lay within one
standard deviation of their respective group averages and thus we
expect that inclusion of such cases would not have significantly
altered the conclusions drawn from results of the independent
data set. We previously reported the diagnostic utility of
covariance 99mTc-exametazime SPECT in AD and DLB using an
ROI approach that included, in part, the independent cohort of the
current study.39 However for the present study, the addition of a
new AD DLB cohort and use of voxel-based procedures are in our
view, a major step forward in terms of diagnostic performance
and visualizing spatial covariance in AD and DLB compared with
our earlier work. Future studies containing pooled autopsy
confirmed DLB and AD cases from multicenter sites to generate
a comprehensive database, could identify an SCP that
distinguishes DLB from AD with high confidence. Disease-
specific data sets could also be generated to identify other
groups including healthy individuals, vascular, or frontotemporal
dementia. Additional clinical/cognitive information along with
imaging data producing combination markers may also optimize
differential diagnosis.

To our knowledge, this is the first study to investigate the
diagnostic utility of voxel multivariate analysis of 99mTc-exameta-
zime SPECT imaging data in DLB and AD. The technique appears
to be more robust and sensitive than univariate analysis and
performed well when validated in an independent patient cohort.
This approach shows potential and may offer comparable
sensitivity to dopaminergic SPECT for the diagnosis of DLB. While
dopaminergic imaging remains the imaging biomarker of choice
for DLB, if only perfusion SPECT imaging is available, the present
method may offer extra information that could improve case
detection in AD and DLB. Models derived from autopsy confirmed
individuals and tested in much larger cohorts are required to
assess the clinical benefit of this procedure.
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