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Abstract

Purpose. The purpose of this study was to evaluate and
compare the diagnostic ability of 2-["*F]-fluoro-2-deoxy-
p-glucose (FDG) positron emission tomography (PET)
and N-isopropyl-p-'*I iodoamphetamine single photon
emission computed tomography (IMP-SPECT) using
three-dimensional . stereotactic surface projections
(3D-SSP) in patients with moderate Alzheimer’s disease
(AD).
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Materials and methods. FDG-PET and IMP-SPECT
were performed within 3 months in 14 patients with
probable moderate AD. Z-score maps of FDG-PET and
IMP-SPECT images of a patient were obtained by com-
parison with data obtained from control subjects. Four
expert physicians evaluated and graded the glucose

- hypometabolism and regional cerebral blood flow

(rCBF), focusing in particular on the posterior cingulate
gyri/precunei and parietotemporal regions, and deter-
mined the reliability for AD. Receiver operating charac-
teristic (ROC) curves were applied to the results for
clarification. To evaluate the correlation between two
modalities, the regions of interest (ROIs) were set in the
posterior cingulate gyri/precunei and parietotemporal
region on 3D-SSP images, and mean Z-values were
calculated.

Conclusion. No sngmﬁcant difference was observed in the
area under the ROC curve (AUC) between FDG-PET
and IMP-SPECT images (FDG-PET 0.95, IMP-SPECT
0.94). However, a significant difference (P < 0.05) was
observed in the AUC for the posterior cingulate gyri/pre-
cuneus (FDG-PET 0.94, IMP-SPECT 0.81). The sensi-
tivity and specificity of each modality were 86%, and
97% for FDG-PET and 70% and 100% for IMP-SPECT.
We could find no significant difference between FDG-
PET and IMP-SPECT in terms of diagnosing moderate
AD using 3D-SSP. There was a high correlation between
the two modalities in the parietotemporal region (Spear-
man’s r = 0.82, P < 0.001). The correlation in the poste-
rior cingulate gyri/precunei region was lower than
that in the parietotemporal region (Spearman’s r = 0.63,
P <0.016).



256

Radiat Med (2007) 25:255-262

Key words 3D-SSP - Alzheimer’s disease - SPECT -
PET

Introduction

For the clinical diagnosis of Alzheimer’s disease (AD),
regional glucose metabolism and cerebral blood flow
(rCBF) are measured by positron emission tomography
(PET) and single photon emission computed tomogra-
phy (SPECT), respectively. Several studies have reported
that changes in the regional glucose metabolism or rCBF
are useful for the diagnosis of AD.'™

Recent computational advances have improved the
detection of regional metabolic and perfusion change
using three-dimensional stereotactic surface projections
(3D-SSP) or statistical parametric mapping (SPM) for
the clinical diagnosis.”'® These two methods use PET
and SPECT to analyze an individual brain in compari-
son with a standard brain, after stereotactic normaliza-
tion, pixel by pixel or voxel by voxel. Ishii et al. showed
that the fully automatic diagnostic system, using 3D-
SSP, was able to perform at a diagnostic level similar to
that of the visual inspection of conventional axial images
by experts using the glucose analog 2-["*F]-fluoro-2-
deoxy-p-glucose (FDG)-PET."” Imabayashi et al. showed
that the ability of 3D-SSP to discriminate early AD
patients from control subjects was superior to that of
visual inspection.” Tang et al. reported that the addition
of 3D-SSP to the transaxial section display of SPECT
improved the reproducibility and the diagnostic perfor-
mance of AD."

In terms of a comparison between PET and SPECT,
it is apparent that PET has the advantage of greater
sensitivity and greater spatial resolution. SPECT is the
most widely available modality for functional neuroim-
aging techniques to evaluate dementia. Because the
availability of PET is limited, PET is not used as often
as SPECT clinically. Recently, the use of 3D-SSP or
SPM has enabled the diagnosis of AD with greater
accuracy.

Few reports have made a direct comparison of the
diagnostic ability between PET and SPECT using statis-
tical brain mapping methods in the same patients. There-
fore, the purpose of the present study is to compare
the ability to discriminate an AD pattern from healthy
subjects using a 3D-SSP analysis of FDG-PET and
N-isopropyl-p-'*1 iodoamphetamine (IMP)-SPECT
with visual interpretation by four expert physicians.

Methods
Subjects

Informed consent was obtained from all subjects prior
to their participation in this study, which was approved
by the ethics committee at our institution. FDG-PET
and IMP-SPECT were performed on 14 patients (6 men,
8 women) within at least 3 months. The mean age was
70.1 £ 8.5 years. These patients were diagnosed as having
probable AD according to the National Institute of
Neurological and Communicative Disorders and Stroke
(NINCDS) and the Alzheimer’s disease and Related
Disorders Association (ADRDA) criteria. The mean
score of the Mini-Mental State Examination (MMSE)
for these patients was 18.8 + 4.3. For the FDG-PET
study, seven subjects (four men, three women; mean age
61.2 years) participated as normal controls (NC), and
for the IMP-SPECT study, nine subjects (two men, seven
women; mean age 70.1 years) participated as normal
controls.

FDG-PET

An ECAT EXACT HR 47 PET camera (Siemens/CTI,
Germany) was used, and imaging was performed using
two-dimensional acquisition at 60 min after intravenous
administration of “F-FDG (370 MBq). Before FDG-
PET scanning, the subjects rested in a supine position
with eyes closed in a quiet room. The collected data were
reconstructed into 128 x 128 pixel image matrices. Tissue
attenuation of annihilation photons was corrected by
transmission scans using rotating ®Ge/®*Ga line sources.
The in-plane spatial resolution was 4.0 X 3.9mm in full-
width at half-maximum (FWHM). The patient fasted for
at least 6h prior to the examination. Normal glucose
levels were confirmed prior to the PET scan.

IMP-SPECT

A total of 222MBq (6mCi) of '*I-IMP (Nihon Medi-
physics, Hyogo, Japan) was injected into an antecubital
vein while the subjects rested in a supine position with

"eyes closed in a quiet room. A single blood sample was

obtained from the brachial artery between 9 and 10min
after the '“I-IMP administration. SPECT scanning was
carried out between 15 and 45 minutes after injection
using a two-head rotating GCA 7200DI gamma camera
(Toshiba, Tokyo, Japan) fitted with low-energy, high-
resolution collimators. The data were acquired in 128 x
128 matrices through a 18° rotation at an angle interval
of 4°. The projection data were prefiltered through a
Butterworth filter and reconstructed using a Ramp back-
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Table 1. Normal database of FDG-PET and IMP-SPECT

Method No. Sex (M/F) - Age
FDG-PET 37 2311 59.0
IMP-SPECT 18 s 69.9

FDG-PET, 2-["*F]-fluoro-2-deoxy-p-glucose positron emission
tomography; IMP-SPECT, N-isopropyl-p-'?1 iodoamphetamine
single photon emission computed tomography

projection filter. Chang’s attenuation correction and
scattering correction using the triple energy window
method were applied to the reconstructed images. The
in-plane spatial resolution was 11.1 mm in FWHM. The
final image slices were set parallel to the orbitomeatal
line and were obtained at an interval of 3.44mm through
the entire brain. The rCBF images were quantitated
according to the IMP-ARG method."®

Statistical images (3D-SSP)

The original FDG-PET and IMP-SPECT data were
analyzed by an iSSP (SSP; Nihon Mediphysics) program,
which was modified based on the NEUROSTAT
program (Dr. Minoshima, Department of Radiology
and Bioengineering, University of Washington, Seattle,
WA, USA). After rotation and centering of the data set,
the original data were realigned to the bicommissural
line (AC-PC) and transformed into a stereotactic stan-
dard Talairach space. The cortical peak activity was
projected onto the brain surface, and the peak value was
projected back and assigned to the originating surface
pixel. The extracted data sets were displayed on eight
different angles, including the lateral, medial, superior,
inferior, anterior, and posterior views. With the 3D-SSP
programs in NEUROSTAT, the pixel values were nor-
malized to the whole brain, thalamus, pons, and cerebel-
lum (Fig. 1). The pixel values of an individual’s image
were compared with a normal database that originated
at our institution (Table 1). The normal database was
built as follows: 18 normal subjects (7 men, 11 women;
mean age 69.9 years) for IMP-SPECT and 37 normal
subjects (23 men, 14 women; mean age 59.0 years) for
FDG-PET.

Statistical ﬂanalys_is/i}isuél interpretation

Four nuclear nié biﬂé_-‘ph}fsibién's ‘tandomly interpreted
FDG-PET images:of 14 AD patients and 7 NCs and
IMP-SPECT es' of ‘9 NCs: The interpretation of
each i 1mage wasperformed at separate sessions, rcspec-
tively. The stat;stical analyses were conducted using the
following’ procedure Two areas of the brain, the poste-
rior cingulate gyrl/precunel and parietotemporal region

in each image (which were determined as characteristic
for AD in advance of the study) were evaluated.” The
degree of reduction in glucose metabolism or rCBF were
interpreted, and-a score of 5 was assigned if the change
was considered “apparent decrease,” which is character-
istic of AD. Accordingly, scores of 4 to 1 were assigned
to the changes that were corisidered “probable decrease,”

“unclear,” “probable not a decrease,” and “apparently
not a decrease,” respectively. Then, the reliability was
evaluated using five steps similar to the regional
evaluation.

When laterality was observed in a visual interpreta-
tion, the evaluation of a regional change was performed
as follows. The scores assigned to the right and left sides
(of the brain) of FDG-PET were compared for each side
of the brain, and the higher score was recorded as the
case’s FDG-PET score for the specific area of the brain.
The side of the higher FDG-PET score was considered
a regional finding, and the IMP-SPECT score of the
same side was recorded as the case’s IMP-SPECT score.
If the right- and left-side FDG-PET scores were the
same, the higher score in IMP-SPECT was recorded as
the regional finding. In fact, there were no discrepancies
between ‘the FDG-PET scores and the IMP- SPECT
images in terms of laterality. _

Second, the ratings of four readers were pooled for
each area and for each image. The ROC analysis was
performed for the graphics presentation, and the area
under the curve was calculated to express the diagnostic
accuracy of each image and each area numerically. Con-
fidence intervals (ClIs) of the AUC were used to test the
difference in overall diagnostic accuracy between the
images, the upper and lower limits of which were calcu-
lated either by adding or subtracting the standard error
of the AUC times 1.96 for 95% CI and 1.65 for 90% CI.
Because our primary interest lies in the difference in the
diagnostic ability of FDG-PET from IMP-SPECT, we
did not compare the difference in the AUC between the
areas of the brain and did not take multiplicity in com-
parison into account. P < 0.05-was considered statisti-
cally significant. The statistical analyses were conducted
using SPSS for Windows.

Correlation between FDG-PET and IMP-SPECT

To assess the agrcement between two modalities, ROIs
were set in the posterlor cingulate gyri/precunei and pari-

' etotempora .eglon on 3D-SSP images, of which the
~ pixel'values were:normalized to the whole brain bilater-
ally (Fig. 2). en the mean Z-values of the right and

lef_t_hemlsphéré were summed and used for analysis. We
calculated kappa (k) statistics, the proportion of concor-
dance, and the Spearman’s correlation coefficients of
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Presentation of 3D-SSP in the same probalbe AD patinets
FDG-PET

IMP-SPECT

Fig. 1. Z-score images of three-dimensional stereotactic surface
projections (3D-SSP) are shown from a representative Alzheimer’s
disease (AD) patient. These images demonstrate a decrease in the
glucose metabolism and regional cerebral blood filow (rCBF).
Upper panel: 2-["*F}-Fluoro-2-deoxy-p-glucose positron emission
tomography (FDG-PET). Lower panel: N-Isopropyl-p-'"I iodo-
amphetamine single photon emission computed tomography
(IMP-SPECT). The extracted data sets are displayed on eight dif-
ferent angles, including the lateral (RT LAT, LT LAT), medial (RT
MED, LT MED), superior (SUP), inferior (INF), anterior (ANT),
and posterior (POST) views. With the 3D-SSP programs in NEU-
ROSTAT, the pixel values are normalized to the whole brain
(GLB), thalamus (THL), cerebellum (CBL), and pons (PNS)

Fig. 2. Regions of interest
(ROI) were set in the
posterior cingulate gyri/
precunei (B) and
parietotemporal region (A)
on 3D-SSP images of
FDG-PET, in which the
pixel values were normalized
to the whole brain bilaterally

parietotemporal

Z-values in each area (the posterior cingulate gyri/pre-
cunei and parietotemporal region). For assessing x sta-
tistics and the proportion of concordance, Z-values were
first categorized according to their quartiles. Then the
lowest quartile was considered as the “decrease” cate-
gory. The x statistic is defined as the agreement beyond
chance divided by the amount of agreement possible by
chance. As in most studies, x > 0.75 was taken to repre-
sent excellent agreement beyond chance, 0.40-0.75
to mean fair agreement, and <0.40 to mean poor
agreement."”

Results

Figure 3 shows the results of the clinical diagnosis of AD
by 3D-SSP. The AUC of FDG-PET was 0.952 % 0.023,
and that of IMP-SPECT was 0.935 + 0.026. There was
no significant difference between FDG-PET and IMP-
SPECT. Table 2 shows the results of each interpreter and
the sum as the diagnosis ability. The sensitivity and
specificity of each modality were 86%, and 97% for
FDG-PET and 70%, and 100% for IMP-SPECT, respec-
tively (Table 3).

Table 2. Results of visual inspection of 3D-SSP by each
interpreter

FDG-PET IMP-SPECT
Interpreter AUC SE AUC SE
A 0.939 0.057 0.976 0.026
B 0.954 0.047 0.96 . 0.041
C 0.888. 0.074 0.821 0.091
D 0.995 0.01 1 0
Sum 0.952 0.023 0.935 0.026

3D-SSP, three-dimensional stereotactic surface projections; AUC,
area under the curve; SE, standard error

ROI

posterior cingulate gyri/precunei
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Fig. 3. Receiver operating
characteristic (ROC) curves
for clinical -diagnosis of AD
with visual inspection by
experts. There was no
significant difference between

Clinical diagnosis of Alzheimer disease by 3D S‘SP
ROC curve (PET) -

ROC curve(SPECT)

PET and SPECT. AUC, area
under the curve

Sensitivity
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Sensitivity
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Table 3. Results of visual inspection of 3D-SSP by each interpreter: sensitivity and

specificity
FDG-PET IMP-SPECT
Interpreter Sensitivity Specificity Sensitivity Specificity
() (%) () BRSO N
A 93 100 64 ' 100
B 79 100 79 100
C 86 86 64 100
D 86 100 - 71 100
Sum 344 386 278 400
Average 86 97 70 100

Figure 4 shows the regional evaluation of the
posterior cingulate gyri/precuneus and the parietotem-
poral region. The AUC of FDG-PET was 0.935 +0.028,
and that of IMP-SPECT was 0.807 + 0.046 in the poste-
rior cingulate gyri/precuneus. A significant difference
between FDG-PET and IMP-SPECT was observed (P <
0.05). The AUC of FDG-PET was 0.871 + 0.038, and
that of IMP-SPECT was 0.802 + 0.046 in the parieto-
temporal region. There was no significant difference
between FDG-PET and IMP-SPECT detected for this
region.

Interrater agreement among four nuclear medicine
physicians was evaluated by intraclass correlation coef-
ficient with the Spearman-Brown correction. For both
PET and SPECT, the agreement in the ratings among
four raters were high: PET 0.94, SPECT 0.96.

There was a high correlation of Z-values between
FDG-PET and IMP-SPECT in the parietotemporal
region (Spearman’s r = 0.82, P < 0.001). The correlation

of the two modalities in the posterior cingulate gyri/pre-
cunei region was lower than that in the parietotemporal
region (Spearman’s r = 0.63, P < 0.016). In terms of the
proportion of concordance and «x statistics, there was a
perfect agreement in the parietotemporal region (both
1.0, P < 0.001). The proportion of concordance in the
posterior cingulate gyri/precunei region was comparable
(0.71), but agreement beyond chance evaluated by the x
statistics was poor and not significantly greater than zero
(0.15, P =0.57).

Discussion

Voxel-based statistical mapping methods, such as 3D-
SSP and SPM, have been reported to be useful when
delineating AD individuals from normal subjects.* 6202
Honda et al showed that 3D-SSP enhanced the specific-
ity of SPECT inspection by nuclear medicine physicians
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Fig. 4. ROC:s for clinical
diagnosis of AD with visual
inspection of the posterior
cingulated gyri/precuneus (A)
and the parietotemporal
region (B). For evaluation
of the posterior cingulated
gyri/precuneus, PET is
significantly superior to

ROC curve (PET)

Clinical diagnosis of Alzheimer disease

A. Evaluation on the posterior cingulated gyri/precunei
ROC curve (SPECT)
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and the performance of the automated diagnosis, when
focusing on the posterior cingulate gyri and precunei,
exceeded that of the physicians when evaluating SPECT
with and without 3D-SSP." These reports showed that
voxel-based statistical mapping methods may add useful
information when diagnosing AD. The usefulness of
such statistical methods has become clear, and these
methods are used frequently clinically.

A few studies have compared FDG-PET and rCBF
SPECT directly in terms of diagnosing AD. Mielke et al.
reported that both PET and SPECT are able to distin-
guish AD patients from controls. On the other hand, for
differentiation between AD and vascular dementia (VD),

1 - Specificity
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1 - Specificity

PET was shown to be superior to SPECT.? Messa et al.
reported that both PET and SPECT were able to detect
characteristic temporoparietal abnormalities in probable
AD, whereas for the evaluation for other associative
areas PET was superior to SPECT.” Silverman reported
that higher diagnostic accuracy was obtained with PET
than with SPECT, and the increased accuracy was esti-
mated to be approximately 15%-20%.>* Herholz et al.
reported that correspondence between PET and SPECT
was limited to the main finding of temporoparietal and
posterior cingulate functional impairment in mild to
moderate AD using SPM.” Although many studies have
shown that PET is superior to SPECT in terms of diag-
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nosing AD, it seems that a decisive difference has not
been determined concerning the diagnostic ability of
PET and SPECT as far as the posterior cingulate gyri/
precuneus and the parietotemporal region are concerned,
which' are the characteristic regions for AD.

In the present study, our purpose was to compare
directly the diagnostic ability of FDG-PET and IMP-
SPECT using 3D-SSP and focusing on as the posterior
cingulate gyri/precuneus and the parietotemporal region.
Our results show that there was no significant difference
between FDG-PET and IMP-SPECT in terms of
diagnosing AD using 3D-SSP. However, there was a
tendency that FDG-PET was slightly superior to IMP-
SPECT, especially when evaluating the posterior cingu-
late gyri/precuneus. These results are consistent with
those of previous studies and our clinical experience. We
considered two possibilities to explain the findings. First,
a possible reason why FDG-PET is superior to IMP-
SPECT is that the metabolic change due to degeneration
might slightly proceed to a decrease in rCBF. Second,
PET has the advantage of greater sensitivity and greater
spatial resolution. Both possibilities were plausible.

We found that there was a high correlation of Z-
values between FDG-PET and IMP-SPECT in the pari-
etotemporal region; in contrast, there was not a good
correlation in the posterior cingulate gyri/precunei
region. These results showed that there was the differ-
ence between the glucose metabolic and rCBF changes
in the posterior cingulate gyri/precunei region. We con-
sidered two possibilities regarding this problem. First,
coupling the glucose metabolic change and rCBF change
might depend on the degree of the degeneration. There-
fore, in the posterior cingulate gyri/precunei region,
because the degenerative change is slight, the change in
glucose metabolism might be greater than that of the
rCBF change. Second, distributions of the glucose
metabolism and rCBF were not the same in every area
of the brain. Sakamoto and Ishii showed that there are
great glucose metabolic and rCBF differences between
the medial temporal lobe, the cerebellum, and other
brain regions in the normal human brain.” If there was
a difference between the glucose metabolism and rCBF
in the posterior cingulate gyri/precunei region, it was not
impossible to understand this result. To evaluate the
finding in the posterior cingulate gyri/precunei region,
further studies are needed from a radiological and/or
pathological approach.

There are three restrictions to the present study. First,
the normal controls and normal database differed,
respectively, for FDG-PET and IMP-SPECT. Ideally,
for each examination, the normal controls and database
should be the same. However, prescribing nuclear medi-
cine to healthy subjects twice in a short time is difficult.

Second, in the present study, we analyzed only moder-
ately affected AD patients. Recently, Dobert et al. evalu-
ated the diagnostic potential of FDG-PET and SPECT
in terms of early detection and the differential diagnosis
of early dementia in the same patients and showed that
PET was the superior imaging method, especially for
detecting early AD or mixed-type dementia.”’ If we
analyze early or mild AD, the results may change. Third,
owing to a relatively small number of subjects, the sta-
tistical power might have been limited in the present
study. In an illustrative example dataset where a total of
about 160 subjects were studied in which the correlation
of the underlying bivariate binormal distribution is 0.75,
statistical power to detect a 0.10 difference in the AUC
of the two modalities was estimated as 0.75.%® In the
present study, a total of about 90 subjects were studied
where the AUC difference of more than 0.1 had been
expected, and the statistical power of the analysis would
have been retained to a similar degree. Thus, the present
finding of no difference could be interpreted as relevant.
Ideally, further studies with larger sample sizes are
needed to examine whether these two modalities are
really equivalent in diagnosing AD given that we did not
observe a statistically significant difference in the AUC
between FDG-PET and IMP-SPECT.

Using 3D-SSP, our results show that FDG-PET and
IMP-SPECT have similar diagnostic ability in moder-
ately affected AD patients. However, there was the ten-
dency that the ability of FDG-PET to detect probable
AD was superior to that of IMP-SPECT. Specifically,
for regional glucose metabolism or cerebral blood flow
analysis of the posterior cingulate gyri/precuneus, PET
was significantly superior to SPECT.
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Molecular imaging in Parkinson’ s disease
"Yutaka Arahata, *Takashi Kato, *Kengo Ito
'Department of Neurology, *Department of Brain Science and Molecular Imaging,
National Center for Geriatrics and Gerontology

Abstract

Molecular imaging techniques using PET or SPECT have provided major insights into
not only objective diagnosis of Parkinson’s disease (PD), but also understanding the
pathophysiological process in the disease progression. At disease onset, a compensatory
hyperactivity of dopa decarboxylase in the nigrostriatal and extrastriatal dopaminergic
pathways and upregulation of postsynaptic D2 receptor have been demonstrated. In the
advanced stage, an excessively earlier release of dopamine from the residual neurons has
been shown, suggesting a relationship with motor complications. In terms of therapy of
PD, functional images have provided some objective evidences for possible neuroprotective
effect of dopamine agonists, survival of fetal dopaminergic tissue grafted into patient’s
putamen, an increase of dopamine release by BDNF focal infusion therapy, and functional
modification by deep brain stimulation. In vivo imaging of gene expression under developing
may be informative in the future gene therapy in PD.

Key words: Parkinson’ s disease, positron emission tomography, single photon emission
computed tomography, molecular imaging
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BREDHERBIZS TSI LO0H 200, £
T 7 V7 N4 % —J5 (Alzheimer’s disease : AD) 7z &
DEBURBME, HBEEREBRTHE N A—F Vv
(idiopathic Parkinson’s disease : PD) B s & LT
BET 5B, Fo BEOMBHELIZIOVTH BN,

BEFZZH O/RENT, KBICL > TE L ROMEE
BORLLIRA T, BN PHREOBBEEITHIZ LiC
b, HLDBFEE, RBEOKERFDODER2 20T
B2, WHITHROERLRA DI LIk b, BIH

DHEERIRLY, BEZTITIHCELZ Lidbn
<. BEOER, BKERL &, FHsd > THD
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L2 L. BRIREEIRICED C BRI REBR OB IO %
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RIIBHTETH, H5—BORRMBE TR+ TOE
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Bo ED L AT, BRTEL TV ARELHEL
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BICW R IZRBTC BT 5 MEEE AT 2, L7225
T, ChozEBET A Lk, BEEH 2 EZLT 3
CETHBEBVRRADLILNTE S,

ARTI, COLd EROBETIL IR 2 2 Ly —
iR 72 A T H 2 B M SPECT (single photon emission
computed tomography). F¥E(CHPET (posifron emis-
sion tomography) % LI, LEIZIE U THEEE
BEDHWDA A=V FIZonTHeaNb,
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L INLITHIET AMEREELTEY, MMﬁ
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TRITHILE2R/ELTVE, ThSDOREEIIHE
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1 BEASPETEROEH OMEBIEEL
@ﬁwﬁﬁﬁ‘:bli&fﬁﬁoﬁﬁ%ﬁfﬁﬁ%ﬁﬁT LTWAERED 3 FmoEEERT(p <
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Hbohb.
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