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Abstract.
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nter prospective cohort study was to examine the value of *F-FDG-PET in predicting
the development of Alzheimer’s’ D) in patients with mild cognitive impairment (MCI).

Methods: In total, 114 patients wit at 9 participating institutions underwent clinical and neuropsychological examinations,
MRI, and "®F-FDG-PET at baseline. The cases were visually classified into predefined dementia patterns by three experts. An
automated analysis for ®F-FDG-PET was also performed to calculate the PET score. Subjects were followed periodically for
3 years, and progression to dementia was evaluated.
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Results: In 47% of the patients with MCI, progression of symptoms justified the clinical diagnosis of “probable AD”. The PET
visual interpretation predicted conversion to AD during 3-year follow-up with an overall diagnostic accuracy of 68%. Overall
diagnostic accuracy of the PET score was better than that of PET visual interpretation at all follow- -up intervals, and the optimized
PET score threshold revealed the best performance at the 2-year follow-up interval with an overall d%?agnostlc accuracy of 83%,

a sensitivity of 70%, and a specificity of 90%. Multivariate logistic regression analysis identified
significant predictive factor distingnishing AD converters from non-converters.
Conclusion: The PET score is the most statistically significant predictive factor for conversio
diagnostic performance of the PET score is more promising for rapid converters over 2 years

PET score as the most

m MCI to AD, and the

Keywords: Alzheimer’s disease, cerebral glucose metabolism, '*F-FDG-PET, mild cogfiitive impairment, prospective study

INTRODUCTION

Although an effective treatment for Alzheimer’s dis-
ease (AD) has not been established, it is possible
to delay the progression of symptoms with pharma-
cological and non-pharmacological treatments. Since
pathological changes, such as senile plaques, arise
more than 20 years before the manifestation of AD
symptomatology, early diagnosis is required for early
intervention.

Mild cognitive impairment (MCI) is a diagnostic
entity used to describe abnormalities of memory func-
tion that do not fulfill the criteria for dementia [1]. MC
includes prodromal AD and other causes of dementia
as well as a form of cognitive impairment that does
not progress to dementia and can disappear. Reﬁ‘ eﬁ
progress in basic research on AD and advan N
vivo biomarkers have led to a substantial revisi

trum of the disease and to detect its earlie
The revised National Institute on Aging
nce of AD

stage, may allow for differentiaf
MCI owing to other causes [6]

vised criteria. Studies
orted better diagnostic

ronal injury according to
with F-FDG-PET hav
performance than othie lities in distinguishing
AD-converters from non-converters in amnestic MCI
patients [7-14]. Most studies have shown that the
presence of AD-like hypometabolism in the poste-
rior associative and/or posterior cingulate cortex of
patients with MCI is predictive of conversion to AD
within 1-3 years. However, with the exception of
a few studies [11-14], the studies were conducted
in relatively small groups of subjects, and follow-
up times were not uniform. In this study, we report
data from clinical and '®F-FDG-PET assessments

within a multxcenter prospective cohort study of sub-
jects with an;mesnc MCI (Study on Diagnosis of
Early Alzheimer’s Disease-Japan: SEAD-Japan). The
objective };s study was to investigate the diag-

Jarticipating subjects

Subjects with amnestic MCI were recruited between
January 2006 and March 2007 and followed up annu-
ally for 3 years. Subjects were recruited from memory
clinics of 9 centers specializing in AD and other
dementias across Japan (Supplementary Table 1). All
subjects were living independently in the community
at the time of their baseline evaluation. This study was
approved by the Ethics Committee at every partici-
pating institution. Each subject signed an informed
consent form after the nature of the procedures had
been fully explained.

All patients were free of significant underlying med-
ical, neurological, or psychiatric illnesses. Patients
were initially assessed using a neuropsychological
test battery, including the Mini-Mental State Exam-
ination (MMSE), Alzheimer’s Disease Assessment
Scale-cognitive component-Japanese version (ADAS-
J cog), Clinical Dementia Rating (CDR), Geriatric
Depression Scale (GDS), Everyday Memory Check
List (EMCL), and Logical Memory Subset of the
Wechsler Memory Scale Revised (WMS-R LM). In
accordance with the inclusion criteria, MCI patients
were aged between 50 and 80 years, with an MMSE
score =24, a GDS score <10, a WMS-R LM I score
<13, aLMII part A and part B score (maximum = 50)
<8, and a CDR memory box score equal to 0.5.
Patients with formal education for less than 6 years
were excluded.
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Bp FDG-PET

Prior to baseline '®F-FDG PET scanning, all sub-
jects fasted for at least 4 h. Intravenous administration
of BE-FDG (254 + 107 MBq) was followed by a rest-
ing period of 40-60 min in a dimly-lit and quiet room,
where participants were instructed to keep their eyes
open. A static scan for 10.3 £ 5.5 min was performed
in 2D or 3D mode after the resting period. Attenuation
was corrected by a transmission scan with segmenta-
tion for dedicated PET and by a CT scan for PET/CT.
Supplementary Table 2 lists the PET and PET/CT
devices and reconstruction conditions.

The F-FDG PET images were processed with
the 3-dimensional stereotactic surface projections (3D-
SSP) technique to generate z-score maps, using iSSP
software version 3.5 (Nihon Medi-Physics Co. Ltd.,
Tokyo, Japan). The normal database used for gen-
erating the z-score maps was constructed based on
50 normal subjects (31 males and 19 females, aver-
age age=57.6 y), with 10 normal subjects each from
5 participating institutions. The healthy subjects for
the normal database had no memory complaint and
no history of neurologic or psychiatric disorders. The
results of their neurologic examination and brain imag-
ing examinations (MR imaging or CT) were normal,
and their cognitive function was judged to be normal
by experienced neurologists (MMSE score, 25-30).

PET image interpretation

Three experts, blinded to clinical information
pendently assessed the reconstructed PET
referring to the 3D-SSP z-score map and
with MRIto classify the images into differe

agreed upon.

PET score

vious publications [16, 17], by using the procedure
implemented as module PALZ in the PMOD software
package (version 3.2; PMOD Technologies, Zurich,
Switzerland). The AD t-sum indicates the severity of
the metabolic decrease in those brain areas that are
typically affected by AD (multimodal association cor-
tices mostly located in the temporal and parietal lobes),
including an adjustment for an age effect.

In the present study, the AD t-sum was converted into
the PET score by reference to its upper limit of normal,

as determined previously [16], and log transformation
to approach a normal distribution of values, according
to the following equation [18]: PETEscore =1og2 {(AD
t-sum/11089)+1}.

MRI

All the subjects were scann! 1.5Tor3T MRI
system. A T1-weighted f: e%d echo sequence was
used. Supplementary Table 3 lists the MRI devices and
reconstruction condit TI- -weighted 3-dimensional
sagittal sections of the brains were acquired and ana-
lyzed on a PC using a voxel-based specific regional
analysis system theimer’s disease (VSRAD®
advance, Eisai Co,Lt kyo,Japan), which was devel-
oped based on: oxel based morphometry method
ft ifable [19-23]. First, equalization
inear and nonlinear transformations

rebrospinal fluid were separated, and the
ages were standardized and smoothed

sis of the voxels was performed for the healthy
1 database. The database for the healthy controls
tained data from 40 men and 40 women, each aged
4-86 (mean 70.2 4= 7.3) years. In this study, the aver-
aged positive z-score in the target volume of interest
(VOI) for the medial temporal structure, including the
entorhinal cortex, head to tail of the hippocampus, and
amygdala was used for further analyses.

Follow-up

Patients were observed at 1-year intervals for 3 years.
The CDR, MMSE, EMCL, and WMS-R-LM were re-
administered at each visit. Repeat '8 F-FDG-PET and
MRI scans were optional. The ADAS-J cog was also
administered as an option in selected centers. Con-
version to dementia was established when the CDR
became >1.0. No further follow-up of patients after
reaching CDR >1.0 was requested. AD was diagnosed
in a given center when a patient fulfilled both CDR
>1.0 and the National Institute of Neurological and
Communicative Disorders—Alzheimer’s Disease and
Related Disorders Association’s (NINCDS-ADRDA)
“probable AD” criteria. The diagnosis of other causes
was based on established clinical criteria for each dis-
ease, including vascular dementia (VaD) [23], dementia
withLewybodies (DLB) [25], frontotemporal dementia
(FTD) [26], and Creutzfeldt-Jacob disease [27].
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Researchers (YW and YA) of the study group, who
were highly experienced in evaluating dementia, final-
ized the clinical outcome of each case based on the
submitted case report form. They were blinded as to
the PET results.

Logistic regression analysis

Multivariate logistic regression analyses were used
to assess whether baseline '*F-FDG-PET was predic-
tive of longitudinal clinical outcome. We estimated
the odds of AD converters versus non-converters as a
function of age, gender, education level, WMS-R-LM
II, and PET score. Results were considered signifi-
cant at p<0.05. Statistical analyses were performed
using SPSS (version 14.0; SPSS Inc., Chicago, IL) for
Windows (Microsoft).

RESULTS

Baseline characteristics and neuropsychologic
reevaluation

In total, 114 patients (64 women and 50 men; mean
age, 70.8 £ 7.5) were included in the study. The mea

education level was 11.543.0 years. Of these 114
patients, 23 withdrew from the study, including 5 with
no follow-up, 5 with only § nglt and 13 with 2 vis-
its without conversion to de' angla Because of the
uncertainty concerning thej itive status over time,
these 23 patients were e ed from the outcome
analyses. Of the remaining:91 subjects, 44 patients
progressed to dementia, 4l.developed AD, and 3 devel-
oped non-AD de@;@ﬁ"a FTD, DLB, 'deaD) (Fig. 1).

the patients
from furthe

ters) and those who did not (non-converters) are
n in Table 1. At baseline, the two groups differed
the MMSE, ADAS-J cog, WMS-R-LM, and GDS
res. There was no difference observed in age, edu-
cational level, or gender distribution between these two
groups.

Baseline Full analysis set
Drop out
1styear 5
| | | | |
AD Other Dementia Other Dementia MCli Normal Notevaluated
(CDR 2 1.0) (COR2>1.0) (CDR =05)
16 2 1 70 4 8
[ | I I
Drop out
2 year 5
I I I 1
AD AD Other Dementia MCI Normal Not evaluated
(CDR=21.0) {CDR=05) {COR =0.5)
17 6 4] 50 3 10
I I I ]
Dropout
3rdyear 9
I 1 ] | | |
AD Other Dementia AD Other Dementia MCI Normal Not evaluated
(CDR 2 1.0) {CDR 2 1.0} (CDR =05} {CDR=0.5)
8 1 4 0 40 3 4

:PPS (per protocol set)

Fig. 1. Schematic summary of clinical outcomes in all MCI cases. Originally, 114 patients with MCI were included. A total of 23 patients
dropped out during the 3 years. Our final sample size for the analyses of PET images was 88 patients (excluding 3 patients who converted to
other dementias).
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Table 1
Demographic and neuropsychological data at baseline

AD converter Non-converter

(n=41) (n=47)

Mean (SD) Mean (SD)
Age 71.2 (6.5) 70.5 (6.7)
Education (year) 12.1 (3.2) 11.8 (3.0)
WMS-R-LMI** 6.3 (3.3) 9.4 (3.2)
WMS-R-LMIT** 1.742.2) 4129
MMSE* 25.6 (1.7) 26.9 (2.0)
ADAS* 10.6 (5.0) 7.6 (4.3)
GDS* 4.9 (2.2) 3.4(2.0)

WMS-R-LM, Wechsler Memory Scale-Revised Logical Memory;
MMSE, Mini-Mental State Examination; ADAS, Alzheimer’s Dis-
ease Assessment Scale; GDS, Geriatric Depression Scale.

PET image interpretation

As the result of image interpretation, P1 and P1+
patterns were observed in 69.9% and 8.0%, respec-
tively, and the other patterns were observed in 22.1%,
including the P2 pattern in 4.4%, of all the amnes-
tic MCI patients (Fig. 2). In this study, all P1+ cases

P1 pattern

P1+pattern

P2 pattern

showed a P1 pattern with occipital hypometabolism.
Therefore, we combined the P1 pattern and P1+ pattern
as an AD/DLB pattern for calculating the diagnostic
performance.

Silverman’s classification in the central image inter-
pretation completely matched in 53% of cases, and
two or more complete matches from three raters
were achieved in 91% of cases..Since the P1 pattern
accounted for about 70%.of cases in the image inter-
pretation, the frequency distribution of the Silverman’s
classification was significantly biased. A significant
deviation in the distribution increases the probability
of accidental match, making it difficult to correctly
evaluate the degree of agreement.

The image interpretation based on the classification
of PET images predicted conversion to AD during 3-
year follow-up.with an overall diagnostic accuracy of
68%, a sensitivity of 98%, and a specificity of 41% for
the full analysis data set of the 88 subjects in this study.

The diagnostic parameters for each follow-up inter-
val.are.summarized in Table 2.

Fig. 2. 3D-SSP z-score maps showing hypometabolism in the progressive pattern groups (P1 pattern group, P1+ pattern group, and P2 pattern
group) in comparison with the normal database are shown. From left to right, 3D-SSP maps are shown on the right lateral, left lateral, superior,
inferior, anterior, posterior, and right and left middle views of a standardized brain image.
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Table 2
Diagnostic parameters
Variable Follow-up AUC (95% CI) Cutoff SEN PPV NPV
intervals (y)
PET visual interpretation 1 - - 1.00 0.21 1.00
2 - - 0.97 0.45 0.95
3 - - 0.98 0.60 0.95
PET score 1 0.708 (0.569-0.846) 1.03 0.69 0.34 0.93
2 0.809 (0.714-0.905) 1.03 0.70 0.83 0.79 0.84
3 0.747 (0.641-0.852) 1.03 0.77 0.86 0.73
VSRAD z-score 1 0.679 (0.533-0.825) 1.47 0 0.60 0.26 0.92
2 0.684 (0.570-0.799) 1.44 0.66 0.51 0.79
3 0.658 (0.543-0.774) 1.44 0 0.64 0.60 0.68

PET score

The PET scores at baseline were 1.26 4 0.69 for the
AD converters and 0.70 &= 0.44 for the non-converters,
respectively (p <0.001). It was hypothesized that sub-
jects who had a PET score at baseline above 1.0 had a
significantly increased risk for progression. The statis-
tics for predicting progression during 3-year follow-up
were sensitivity, 61%; specificity, 79%; and accuracy,
70%. When mean PET scores were calculated accord:
ing to conversion time, converters in the 1st and 2n@
year showed a significantly higher PET score conj

e

in the 3rd year showed no difference in the mean P.

score compared to non-converters (Fig. 3). The @g;
nostic accuracy during the 2-year follow-up g;gas niore

pared to that of non-converters. In contrast,; conver %ﬁ ,

4.0+

3.04

2.0+

PET score

L

00

1sty 2ndy g ,3rd‘y, Non ’
' *p<0.05, *p<0.01

Fig. 3. Box plot of baseline PET scores (interquartile and full range)
for converters according to conversion time. MCI patients progress-
ing to AD in the 1st and 2nd year have significantly higher scores
than non-converters (p <0.05 and p <0.01 in Tukey multiple com-
parisons).1st y = Ist year converter, 2nd y=2nd year converter, 3rd
y=3rd year converter, and Non = non-converter.

value; NPV, negative predictive value.

reatest for 2-year follow-up. The ROC-
5T score thresholds obtained using Youden
8] yielded an adjusted accuracy of 83%, with

Because four cases at one institution were examined
exceptionally with a 3T MRI system, those four were
excluded from further analysis.

P=0.051

o - .

3

@ . . .
N v

2 .

[P o

%]

>

AD-converter
1.84 +£0.86

Non-converter

Mean z-score  1.42+1.04
Fig. 4. Comparison between AD converters and non-converters on
VSRAD z-scores in the target VOI for the left medial temporal struc-
tures. There was no significant difference between the two groups
(p=0.051). VSRAD, voxel-based specific regional analysis system
for Alzheimer’s disease.
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For the AD converters and non-converters, the
bilateral mean z-scores in the target VOI for the medial
temporal structures at baseline were 1.84 £0.75 and
1.57 £ 1.01, respectively (p=0.191); the right side
mean z-scores were 1.804+0.93 and 1.66+1.13,
respectively (p=0.543); and the left side mean
z-scores were 1.84+0.86 and 1.42+1.04, respec-
tively (p=0.051). Thus, the AD converters showed
a tendency toward higher mean z-score in the target
VOI for the left medial temporal structures but did not
reach significance (Fig. 4).

Area under the curve of ROC analysis for VSRAD
z-score was greatest for 2-year follow-up (Table 2).
The ROC-derived thresholds using Youden index [28]
for VSRAD mean z-score yielded an adjusted accu-
racy of 66%, with 69% sensitivity, and 64% specificity
at a threshold value of VSRAD z-score = 1.44 during
2-year follow-up.

Logistic regression analysis

Multivariate logistic regression analysis identified
PET score and WMS-R-LM 1II as predictors distin-
guishing AD converters from non-converters over 2
years. When age, gender, education level, WMS-R-
LM II, and PET score were submitted to the forced
entry procedure, AD conversion was associated si
nificantly with the PET score (p <0.0001; odds rati
28.25; 95% confidence interval [CI], 6.02-132.6) an
WMS-R-LM 1I (p=0.001; odds ratio, 0.61; 95% C
0.46-0.81) (Table 3). The combination of PET s
and WMS-R-LM II distinguished AD converters f
non-converters with 84.8% accuracy, 72.7% _sensiti
ity, and 91.5% specificity.

DISCUSSION

In this study, 41 (47%) of 88
gressed to AD. The annual conversi
during the 3-year follow-up. T
sistent with reports from other

Clepatients pro-
e was 15.7%
‘results are con-
oups, indicating

that, annually, 12% to 15% of amnestic MCI patients
progress to AD [1].
Group comparisons based on classification of the

.0%), and the P2
verters were AD
.DLB, FID, and VaD.
+ Ijéfttern in the absence
h. We reported that 28%

P1 pattern (69.9%), the P1+ pattern
pattern (4.4%), 41 (93.2%) of 4
converters with 3 converti

The frequency of
of DLB was relativ

with amnest:
in general‘te
metabolism
A .
Becan

[[30]. We assumed that older patients
0 have reduced blood flow or glucose
e occipital lobe, including those with
is a topic for a future study.

e we considered that differentiating between

_AD and:DLB based on reduced blood flow or glu-

se metabolism in the occipital lobe was difficult and
at PET scores do not distinguish DLB from AD, we
d pooling of the P1 pattern with the P1+ pattern
is study in the same way as in our previous SPECT
udy [30]. Although we analyzed the data for the P1
pattern only, the results were almost the same as those
when pooling P1 with P1+(data not shown). There-
fore, we believe that combining the P1 pattern with
the P1+ pattern as an AD/DLB pattern to investigate
the role of 8F-FDG-PET in predicting conversion to
AD is not problematic. The clinical significance of
the heterogeneity in '®F-FDG-PET should be further
evaluated.

The diagnostic performance of '3F-FDG-PET was
calculated based on the clinical outcomes after 3 years
of follow-up. The PET image interpretation showed
a high sensitivity for detection of AD-converters,
but its specificity was relatively low. Low specificity

Table 3

Results of multivariate logistic regression analyses for predictors of AD conversion
Variable Coefficient (B) SE Wald df p value QOdds ratios 95% CI
Age 0.019 0.063 0.092 1 0.761 1.019 0.901 1.153
Gender —0.958 0.743 1.662 1 0.197 0.384 0.089 1.646
Education level 0.041 0.114 0.129 1 0.720 1.042 0.833 1.303
WMS-R-LMII —0.502 0.146 11.887 1 0.001 0.605 0455 0.805
PET score 3.341 0.789 17.942 1 <0.0001 28.252 6.021 132.572
Constant —4.051 4.994 0.658 1 0417 0.017

df, degree of freedom; CI, confidence Interval; WMS-R-LM, Wechsler Memory Scale-Revised Logical Memory.
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indicated that some non-converters showed AD/DLB-
like hypometabolism on '®F-FDG-PET images. These
results were not in line with previous reports [7—11]
where higher specificity and diagnostic accuracy were
reported. The true reason for low specificity in spite
of a longer follow-up compared to previous reports is
unclear. One possible explanation is the difference in
the characteristics of registered MCI patients for each
study. In fact, conversion rates from MCI to AD were
very high in some studies. Such an increase in the ratio
of converters may result in a decrease in false-positive
cases.

Considering the higher mean PET scores of con-
verters in the 1st and 2nd year of follow-up, we
hypothesized that the rapid converters showed more
distinct AD/DLB-like hypometabolism compared to
the slower converters. Although a threshold effect
might exist, overall accuracy of the PET score was bet-
ter than that of visual assessment at all time intervals, as
showninTable 2. Asthe PET score is a numerical index,
PET score threshold can be optimized to maximize
the prediction accuracy. The best performance of PET
score was achieved at the 2-year follow-up interval. In
other words, the PET score was efficient at identifyin,
rapid converters during the 2-year follow-up.

Multivariate logistic regression analysis demo
strated that the PET score derived from '*F-FDG
was the most significant predictor for conversio
among amnestic MCI patients across institutions'w}
various types of PET or PET-CT devices w

failed to identify MRI as a predictor to distinguish AD
converters from non-converters. Our results were in
line with a previous study showing that 3F-FDG PET
is a better predictor oficonversion than MR imaging
[12, 14]. The possible reasons why FDG PET offers
greater accuracy or sensitivity than other biomarkers
at the MCI stage are not fully understood, although
there is growing consensus that metabolic deficits are
greater in magnitude than volumetric changes earlier
in the disease.

The present study had some limitations. First, our
neuropsychological test batteries were limited and did
not include tests specifically designed to assess cogni-
tive function for the early diagnosis of AD, although the

MMSE and WMS-R-LM are more practical forusein a
routine clinical scenario. Second, the mean age of indi-
viduals in the normal databdse for 3D-SSP was lesser
than that of the patient group. Further analysis would
be needed using an age- Ghed normal database.
Third, although only a 1sing VSRAD® was
used to evaluate volu ¢ changes of MRI, differ-
ent methodologies s cortical approaches rather
than voxel-based approz ches should be further applied
[31]. Fourth, thé primary outcome (conversion to AD)
contained som r because some patients classi-
fied as non-convert s may convert to AD with longer
follow-up. The fore improvement of specificity and
dl&lgﬂOSthgaCC facy of the PET image interpretation

can be expected due to a decrease in false-positive cases

%rsmn to AD in patients with MCI. On the other hand,
the PET score is the most statistically significant pre-
dictive factor for conversion from MCI to AD, and
the diagnostic performance of the PET score is more

promising for rapid converters over 2 years.
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Abstract

Purpose Due to increasing numbers of patients with
dementia, more physicians who do not specialize in brain
nuclear medicine are being asked to interpret SPECT
images of cerebral blood flow. We conducted a multicenter
study to determine whether a computer-assisted diagnostic
system Z-score summation analysis method (ZSAM) using
three-dimensional stereotactic surface projections (3D-
SSP) can differentiate Alzheimer’s disease (AD)/dementia
with Lewy bodies (DLB) and non-AD/DLB in institutions
using various types of gamma cameras.

Method We determined the normal thresholds of Z-sum
(summed Z-score) within a template region of interest for
each single photon emission computed tomography
(SPECT) device and then compared them with the Z-sums
of patients and calculated the accuracy of the differential
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diagnosis by ZSAM. We compared the diagnostic accuracy
between ZSAM and visual assessment.

Patients We enrolled 202 patients with AD (mean age,
76.8 years), 40 with DLB (mean age 76.3 years) and 36
with non-AD/DLB (progressive supranuclear palsy,
n = 10; frontotemporal dementia, n = 20; slowly pro-
gressive aphasia, n = 2 and one each with idiopathic nor-
mal pressure hydrocephalus, corticobasal degeneration,
multiple system atrophy and Parkinson’s disease) who
underwent N-isopropyl-p-['**I] iodoamphetamine cerebral

blood flow SPECT imaging at each participating
institution.
Results The ZSAM sensitivity to differentiate between

AD/DLB and non-AD/DLB in all patients, as well as those
with mini-mental state examination scores of >24 and
20-23 points were 88.0, 78.0 and 88.4 %, respectively,
with specificity of 50.0, 44.4 and 60.0 %, respectively. The
diagnostic accuracy rates were 83.1, 72.9 and 84.2 %,
respectively. The areas under receiver operating charac-
teristics curves for visual inspection by four expert raters
were 0.74-0.84, 0.66-0.85 and 0.81-0.93, respectively, in
the same patient groups. The diagnostic accuracy rates
were 70.9-89.2 %, 50.9-84.8 % and 76.2-93.1 %,
respectively.

Conclusion The diagnostic accuracy of ZSAM to differ-
entiate AD/DLB from other types of dementia or degen-
erative diseases regardless of severity was equal to that of
visual assessment by expert raters even across several
institutions. These findings suggested that ZSAM could
serve as a supplementary tool to help expert evaluators who
differentially diagnose dementia from SPECT images by
visual assessment.

Keywords Alzheimer’s disease - Lewy bodies - Cerebral
blood flow - Z-score summation analysis - Dementia
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Introduction

Society is rapidly aging, and the increase in the numbers
of patients with dementia is posing considerable medical
and social problems. Alzheimer’s disease (AD) is the
most common degenerative dementia, and it can be
diagnosed by functional brain imaging using fluorode-
oxyglucose (FDG) positron emission tomography (PET)
and SPECT [1, 2]. Although PET can diagnostically dif-
ferentiate AD more precisely than SPECT, PET costs are
not covered by insurance in many European countries and
in Japan. Thus, FDG-PET is not used in the medical care
of patients with dementia, and cerebral blood flow SPECT
is exclusively used because it is covered by insurance. As
the number of patients with dementia has increased,
physicians who are not specialists in cerebral nuclear
medicine are often obliged to interpret cerebral blood
flow SPECT images. Atypical findings are obvious on
cerebral blood flow SPECT images of dementia, but
subtle differences can be difficult even for experts in
brain nuclear medicine to diagnose. On the other hand, a
statistical image analysis provides a tangible result, since
it is determined based on specific criteria. A computer-
assisted diagnostic system has shown promise as a sup-
plementary measure for interpreting cerebral blood flow
SPECT images [3]. We conducted a multicenter study to
determine its applicability.

Patients and methods
Procedure

The analysis Z-score summation analysis method (ZSAM)
using the computer-assisted diagnostic system as described
[3] comprises the following procedures.

1. The IMP-SPECT images of normal individuals are
analyzed using 3D-SSP [4] to generate Z-score images.
Z-scores are calculated using the following formula: Z-
score = ([normal mean] — [individual value])/(normal
standard deviation). Summed positive Z-scores (Z-
sum) are obtained from template ROIs (parietal lobe,
posterior cingulate gyrus and precuneus, medial sur-
face of the occipital lobe and the lateral surface of the
occipital lobe) that are regions of characteristic blood
flow reduction in Z-score images of AD and DLB. This
is because each ROI includes negative and positive Z-
scores and reduced blood flow appears as a positive Z-
score.

2. The Z-sum of some normal individuals is averaged for
each ROI and the normal threshold of the Z-sum with
the mean value and standard deviation is calculated.

@ Springer

3. The Z-sum of patients processed by the same proce-
dure as (1) is compared with the normal threshold
calculated above in (2).

4. Blood flow is considered to be reduced if the Z-sum of
the patient exceeds the normal threshold.

Various SPECT devices are used for cerebral blood flow
SPECT, and a normal database that conforms to each
SPECT device is used in 3D-SSP analysis. This multicenter
study determines whether AD/DLB can be differentiated
from other types of dementia and degenerative diseases
using new template ROIs and the normal thresholds of the
Z-sum set for each normal database.

Patients

The study proceeded according to the clinical study
guidelines of each institution and was approved by each
independent ethics committee.

Preparation of template ROIls (group 1)

We prepared template ROIs from 36 patients with probable
AD and 13 with probable dementia with Lewy bodies
(DLB) who underwent cerebral blood flow SPECT with
IMP using a Siemens e.cam at the Hyogo Brain and Heart
Center between August and December in 2008. We used
the diagnostic criteria of the Neurological and Communi-
cative Disorders and Stroke-Alzheimer’s Disease and
Related Disorders Association (NINCDS/ADRDA) for AD
[5] and those of the third report of the Dementia with Lewy
Bodies Consortium for DLB [6]. Patients with cerebro-
vascular disease were excluded in this study. A normal
database created from 29 normal volunteers specifically
prepared for the Siemens e.cam by Onishi et al. [7] served
as the comparative group. The patients in the AD, DLB and
normal database groups were 78.1 & 6.4, 75.9 £ 6.6, and
64.2 + 8.2 years old, respectively, and the MMSE scores
of the AD and DLB groups were 20.7 &= 3.8 and
19.4 & 7.4 points, respectively.

Diagnostic performance review (group 2)

The diagnostic performance of ZSAM was determined
based on data from 202 patients diagnosed with prob-
able AD according to the NINCDS-ADRDA diagnostic
criteria [5], 40 diagnosed with probable DLB based on
the third report of the DLB Consortium diagnostic cri-
teria [6], 20 with FTD who met FTD diagnostic criteria
[8], 10 with PSP who met the National Institute of
Neurological Disorders and the Society for Progressive
Supranuclear Palsy (NINDS-SPSP) International Work-
shop diagnostic criteria [9], two with slowly-progressive
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aphasia, and one each with iNPH, CBD, MSA and PD
who presented at the medical institutions involved in
this study between December 2007 and February 2011.
The slowly progressive aphasia (SPA), iNPH, CBD,
MSA, and PD were diagnosed according to disease-
specific criteria [10-13]. The mean = SD of age (years)
and MMSE scores for AD, DLB, FTD, PSP and SPA
were 768 +£72 and 194 +£4.7, 763 +57 and
20.2 £ 5.0, 70.6 = 9.0 and 20.1 = 5.5, 71.6 £ 6.6 and
21.6 £ 46, and 645+ 1.5 and 21.0 £ 1.0, respec-
tively. The age (years) and MMSE scores for those with
iNPH, CBD, MSA and PD were 76 and 17, 64 and 23,
82 and 22, and 83 and 23, respectively. Both AD and
DLB were included in the AD/DLB group, and FTD,
PSP, SPA, iNPH, CBD, MSA, and PD were included in
the non-AD/DLB group. We selected patients with
MMSE scores of >24 and 20-23 points to determine the
diagnostic accuracy of ZSAM for mild disease
(Table 1).

Table 1 Demographic data of the subjects

Group Number Age (years) MMSE (score)
First Group
AD 36 78.1+6.4 20.7+3.8
DLB 13 75.9+6.6 19.4+7.4
Second Group all
AD/DLB_group
AD 202 76.8+£7.2 19.4+4.7
DLB 40 76.3+5.7 20.2+5.0
nonAD/nonDLB_group 36 71.1+£84 20.7+4.9
Second Group MMSE 24 and more
AD/DLB_group
AD 40 75.3£6.3 25.4+1.6
DLB 10 73.0£6.8 25.6+1.3
nonAD/nonDLB_group 9 69.31+6.6 26.0+1.5
Second Group MMSE 20-23
AD/DLB_group
AD 72 77.2+6.6 213411
DLB 14 77.1+£4.5 22.1+£1.0
nonAD/nonDLB_group 15 72.6£9.2 22.1+0.9

SPECT image acquisition and processing

Imaging was started in the resting state 15 min after an
injection of 111-222 MBq (3-6 mCi) of IMP. Table 2 lists
the SPECT equipment and reconstruction conditions.

Creation of new template ROI maps

We performed stereotactic anatomic standardization as
follows. The original IMP-SPECT image data were trans-
formed into standard Talairach space using the NEURO-
STAT program [4], which is the basis of 3D-SSP (Satoshi
Minoshima, Department of Radiology and Bioengineering,
University of Washington, Seattle, WA, USA). Detailed
procedure of 3D-SSP and this program is described in the
previous literature [3]. In this study, we used pixel values
of individual surface maps normalized to values for mean
activity in the whole brain. As a new AD/DLB template
ROI map, pixels with significantly decreased perfusion in
the AD group (p < 0.05), obtained from a comparison
between the SIEMENS e.cam normal database and the AD
group (first group) were plotted (Fig. 1), and as an occipital
template ROI map, pixels with significantly decreased
perfusion in the DLB group (p < 0.05), obtained from a
comparison between the AD and DLB groups (first group)
were plotted (Fig. 1). To create an ROI template with
significantly decreased symmetrical areas in this map,
larger areas than the opposite sides were set to make both
sides the same size, which increased detection sensitivity in
a brain with AD.

Threshold values of summed positive Z-scores

We calculated the threshold Z-sum in the new template
ROI maps for diagnosis using the following jackknife-type
technique. First, one patient from the normal group was
selected to constitute a normal database and another normal
database was prepared from the remainder of the normal
group. The normal database constructed based on data from
the selected normal patient was analyzed with 3D-SSP to
prepare a Z-score image. The procedure was repeated for
each patient in the normal database. The AD/DLB and
occipital template ROI were set in the Z-score images of

Table 2 Characteristics of the SPECT study and normal database (NDB) at each institute

Institution Camera type Prefilter Collimator Cutoff frequency Scatter Attenuation Matrix size  Pixel size
correction  correction (mm)

A TOSHIBA GCA9300 Butterworth LESHR-Fanbeam 0.08 cycles/pixel TEW Chang 128 x 128 1.72

B TOSHIBA ECAM Butterworth LMEGP 0.45 cycles/pixel non Chang 128 x 128 3.9

C SIEMENS e.cam Butterworth LMEGP 0.40 Nyquist MEW Chang 128 x 128 3.9

D SIEMENS e.cam Butterworth LMEGP 0.45 Nyquist MEW Chang 128 x 128 3.9
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Fig. 1 Template ROI map for
AD and DLB patients, which
demonstrates significantly lower
perfusion in AD patients
compared with normal controls
and DLB patients. ZSAM used
this ROI map (RT.LAT right
lateral, LT.LAT left lateral, SUP
superior, INF inferior, ANT
anterior, POST posterior,
RT.MED right medial, LT.MED
left medial)

Table 3 Details of healthy volunteers in NDB

Institution Number Age (years) mean + SD
A 29 64.6 + 8.4
B 27 634 + 7.1
¢ 29 64.2 + 8.2
D 29 642 + 8.2

the normal patients to calculate the Z-sum for each ROL
The Z-sum of each normal individual was averaged for
each ROI to calculate the normal mean and standard
deviation of the Z-sum. Normal means + 1.64 SD
and + 1.96 SD were considered normal Z-sum thresholds,
and we determined that blood flow was reduced when the
Z-sum of an analyzed individual exceeded the normal
threshold. We used the normal database described by On-
ishi et al. [7] to prepare normal Z-sum thresholds (Table 3).

Clinical adoption of automated system

After preparing Z-score images using the normal database
described above in which the reconstruction conditions
were consistent with the SPECT device, we calculated the
Z-sum within the template ROIs and compared the SPECT
images of patients with the normal Z-sum threshold. We
compared the ratios (%) of patients with AD and DLB who
had reduced blood flow within each ROI. In order to make
the best criteria for discriminating AD/DLB from non-AD/
DLB, we established two determination criteria for AD/
DLB and non-AD/DLB and determined sensitivity, speci-
ficity, and diagnostic accuracy rates for each criterion: (1)
Determination of criterion 1 for AD/DLB. When the Z-sum
exceeded the normal threshold in one or more of four AD/
DLB template ROIs in the bilateral parietal lobe, bilateral
posterior cingulate gyrus and precuneus, the patient was
assigned to the AD/DLB group. Otherwise, patients were
assigned to the non-AD/DLB group; (2) Determination
criterion 2 for AD/DLB. When the Z-sum exceeded the
normal threshold in one or more ROIs in the posterior
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cingulate gyrus and precuneus ROIs, or the Z-sum excee-
ded the normal threshold in two or more of four AD/DLB
template ROIs, the patient was assigned to the AD/DLB
group. Otherwise, patients were assigned to the non-AD/
DLB group.

Diagnostic performance of conventional IMP-SPECT
and 3D-SSP Z-score images

We compared automated assessments of conventional
IMP-SPECT axial and 3D-SSP Z-score images with visual
assessments by three experienced nuclear medicine physi-
cians and one neurologist. All of them knew the criteria for
abnormalities, but were blinded to the clinical data of the
patients. The criteria for AD comprised decreased parie-
totemporal perfusion compared with sensorimotor perfu-
sion, or obviously decreased posterior cingulate and/or
precuneus perfusion compared with sensorimotor perfu-
sion. The criterion for DLB was decreased medial and/or
lateral occipital perfusion compared with sensorimotor
perfusion. Diagnoses of AD/DLB vs non-AD/DLB based
on the conventional IMP-SPECT and 3D-SSP Z-score
images were classified as follows: definite non-AD/DLB,
probable non-AD/DLB, indeterminate, probable AD/DLB
and definite AD/DLB.

Visual assessments were evaluated using ROC analysis
and AUC were calculated using IBM SPSS statistics. We
then compared the diagnostic accuracy between AD/DLB
and non-AD/DLB differentiated by visual assessment and
ZSAM.

Results

Diagnostic accuracy between AD/DLB and non-AD/
DLB differentiated by visual assessment and ZSAM

Table 4 shows the diagnostic accuracy rates of AD/DLB
determination criterion 2 at a normal Z-sum threshold of
the normal mean + 1.64 SD at which specificity between
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Table 4 Comparison of the accuracy of visual inspection and ZSAM

Group Observer Accuracy
Visual ZSAM McNemar
inspection test
All A 89.21 83.1 p = 0.028
B 77.34 NS
C 78.78 NS
D 70.86 p = 0.001
MMSE 24 and A 84.75 72.9 NS
more B 55.93 NS
C 61.02 NS
D 50.85 p = 0.007
MMSE 20-23 A 93.07 84.2 = 0.063
B 82.18 NS
C 84.16 NS
D 76.24 NS

ZSAM’s criteria was set as #2 with threshold of mean + 1.64 SD

Table 5 Number of cases exceeding the Z-sum threshold in AD/DLB
ROI

Threshold

Mean + 1.64 SD Mean + 1.96 SD

Parietal ROI*

AD (n = 202) 159 (78.7 %) 146 (72.3 %)

DLB (n = 40) 33 (82.5 %) 31 (77.5 %)
Posterior cingulate and precuneus ROI*

AD (n = 202) 175 (86.6 %) 166 (82.2 %)

DLB (n = 40) 32 (80.0 %) 30 (75.0 %)
Occipital ROI

AD (n = 202) 58 (28.7 %o)** 50 (24.8 %o)**

DLB (n = 40) 24 (60 %)* 20 (50 %)**

* p = 00013, ** p < 0.0001 by y* test
2 There is no significant group difference by y> test

determination by ZSAM and visual inspection was high.
The diagnostic accuracy rates did not significantly differ
between ZSAM and visual assessments by two of the four
raters (McNemar test). One rater had a significantly higher
visual diagnostic accuracy rate when all patients and the
group with MMSE scores of 20-23 points were included.
Another had a significantly higher diagnostic accuracy rate
by ZSAM when all patients and those with mild disease
were included.

Table 5 shows the ratios (%) of patients with reduced
blood flow in the parietal lobe, posterior cingulate gyrus
and precuneus and occipital lobe ROIs among 202 patients
with AD and 40 patients with DLB. At a normal threshold
of mean + 1.64 SD, 78.7 and 82.5 % of patients with AD
and DLB, respectively, had reduced blood flow in the

parietal lobe ROI, and 86.6 and 80.0 %, respectively, had
reduced blood flow in the posterior cingulate gyrus and
precuneus ROI. The ratios of patients with AD and DLB
and reduced blood flow did not significantly differ. At
normal thresholds of mean 4 1.64 SD and mean + 1.96
SD, 60.0 and 50.0 % of patients, respectively, with DLB
and 28.7 and 24.8 %, respectively, of those with AD had
reduced blood flow in the occipital lobe ROI, with DLB
being significantly higher for both situations (p < 0.0001,
p = 0.013 4 test).

Figure 2 shows the diagnostic performance of ZSAM
(Fig. 2a) and visual assessment (Fig. 2b) for differentiating
AD/DLB from non-AD/DLB. The sensitivity of ZSAM
based on the AUC for all patients, and those with MMSE
scores of >24 and 20-23 points was 85.1-93.0 %,
74.0-88.0 % and 88.4-94.2 %, respectively, with
25.0-50.0 %, 33.3-44.4 % and 33.3-60.0 %, specificity,
respectively. Diagnostic accuracy rates were 80.6-84.2 %,
69.5-79.7 %, and 82.2-85.1 %, respectively.

The sensitivity of visual assessment by the four raters
for all patients, and those with MMSE scores of >24 and
20-23 points was 71.1-94.6 %, 46.0-90.0% and
75.6-96.5 %, respectively with 38.9-69.4 %, 22.2-77.8 %
and 53.3-80.0 %, specificity, respectively. Diagnostic
accuracy rates were 70.9-89.2 %, 50.6-84.8 % and
76.2-93.1 %, respectively. The AUC in the ROC analyses
were 0.74-0.84, 0.66-0.85 and 0.81-0.93, respectively.

Discussion
Differentiation between AD/DLB and non-AD/DLB

Blood flow is reduced in the temporoparietal association
area, posterior cingulate gyrus, and precuneus of patients
with DLB as in AD, but blood flow in the occipital lobe is
lower in DLB [14]. Thus, AD is impossible to differentiate
from DLB in the temporoparietal association area, poster-
ior cingulate gyrus and precuneus. To discriminate AD or
DLB patients from other disease patients is the first step of
differential diagnosis process. Because both in AD and
DLB brain, bilateral parietal and posterior cingulate per-
fusion reduction exists, and in non-AD/DLB brain those
regional perfusion reductions exist a minimum. After this
process, we can move to discriminate AD from DLB.
Therefore, patients with AD/DLB and patients with other
degenerative dementias should be initially differentiated
using these regions. The present study found that high
ratios of patients with AD and DLB had reduced blood
flow in the AD/DLB template ROIs (bilateral parietal lobe,
posterior cingulate gyrus and precuneus), and that the ratios
did not significantly differ. We used SPECT images of AD
and normal groups to prepare AD/DLB template ROIs, but
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Fig. 2 a Graph of sensitivity, specificity and accuracy of differential diagnosis performance of ZSAM comparisons between the AD/DLB group
and non-AD/non-DLB. b ROC curve of visual inspection of AD/DLB group vs non-AD/non-DLB

not those of the DLB group. We believe that using the
ROIs as regions with which to evaluate the reduced blood
flow sites characteristic of AD and DLB is not problematic.

Differentiation between AD and DLB

Although significantly more patients with DLB had
reduced blood flow in the occipital lobe ROI, the ratio of
60 % was not considered very high, and 28 % of patients
with AD had reduced blood flow in the occipital lobe. We
assumed that older patients in general tend to have
decreased perfusion in the occipital lobe, including those
with AD. Because we considered that differentiating
between AD and DLB based on reduced blood flow in the
occipital lobe ROI was difficult, we differentiated AD/DLB
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from non-AD/DLB using AD/DLB template ROIs. Dif-
ferentiation between AD and DLB should be improved by
using not only the occipital lobe ROI but also other ref-
erence sites or clinical psychological test trials. This is a
topic for a future study.

Differentiation by ZSAM

The sensitivity of for detecting AD/DLB using ZSAM was
74-88 % among patients with mild disease and MMSE
scores of >24 points, and 88.4-94.2 % for those with
MMSE scores of 20-23 points, but the specificity was low.
Specificity of ZSAM was less than 60 % in contrast with
sensitivity more than 70 %. High sensitivity is not useful
for ruling in disease, but a high sensitivity test is reliable
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when its result is negative, since it rarely misdiagnoses
those AD/DLB diseases. Minoshima et al. [15] described
that glucose metabolism becomes reduced in the posterior
cingulate gyrus from the early stage of AD/DLB. Reduced
metabolism and blood flow is considered more specific to
AD/DLB at this site than at the parietal lobe. The speci-
ficity was improved using determination criterion 2, in
which a patient is assigned to the AD/DLB group if blood
flow is reduced in the ROI for the posterior cingulate gyrus
and precuneus, and to the non-AD/DLB group if the
reduction is in the parietal lobe ROL

Visual differentiation by experts

The sensitivity and specificity for visually detecting AD/
DLB among patients with mild disease and MMSE scores
of >24 points was 46.0-90.0 % and 22.2-77.8 %, respec-
tively, indicating greater inter-reader variability than when
patients had MMSE scores of 20-23 points. This might be
because elder patients with less severe disease have smaller
reductions in blood flow and metabolism and do not
present typical findings of AD [16], and the raters could not
visually determine the significance of the blood flow
reduction.

Comparison of visual and ZSAM assessment

One expert rater had significantly higher diagnostic accu-
racy rates than ZSAM for all patients and those with MMSE
scores of 20-23 points (89.2 and 93.1 %, respectively. The
diagnostic accuracy rates also did not significantly differ
between visual assessment by the other three raters and
ZSAM, or the diagnostic accuracy rate by ZSAM was sig-
nificantly higher. “No significant difference” in a small
sample sized study does not mean “really no difference”. In
order to show real no difference, a power analysis in a larger
sample group is required, therefore we may have to increase
the number of non-AD/DLB group in our study. In spite of
this, evaluations by ZSAM and by expert visual assessment
are similarly effective. The results of ZSAM could serve as
a diagnostic reference to aid the expert visual interpretation
of SPECT images of degenerative dementia.

Limitations

There are some limitations in this study. Because it was
impossible to obtain the pathology findings from all the
subjects, we had to set the clinical diagnosis as gold
standard which has the limitation of diagnostic accuracy:
approximately 80 %. Visual inspection of perfusion
SPECT for dementia diagnosis does not only depend on the
affected regions in the parietal and posterior cingulate

cortices but also on the frontal, hippocampal, sensorimotor,
cerebellar and other regions. In this study, we focused on
only the parietal and posterior cingulate cortices; however,
we should analyze other regions for further improvement
of our method.

The accuracy of differential diagnosis may be influenced
by the constitution of the non-AD/DLB group. In this study
most of the diseases were FTD and PSP, but if the numbers
of SPA and CBD were large, the results may be different.
However, in practical situations the numbers of FTD and
PSP are larger than those of SPA and CBD, therefore our
findings would not be affected adversely in a clinical
situation.

Conclusions

ZSAM using IMP-SPECT and 3D-SSP can differentiate
AD/DLB from non-AD/DLB across several institutions, its
diagnostic performance is equivalent to that of expert
visual assessment, and it might be clinically applicable. We
presently use this method as an aid to visual assessment
and not as the main diagnostic modality.
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