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INTRODUCTION

POSITRON EMISSION TOMOGRAPHY (PET) with 2-[F-18]fluoro-
2-deoxy-D-glucose (FDG) has been widely used to meas-
ure cerebral glucose metabolism in the human brain. In
most FDG PET studies, scanning is started 45 to 60
minutes after FDG injection.

Kumar et al. reported that there are no significant dif-
ferences between 30 and 45 min scans after intravenous
injection of FDG1 in the analysis of region of interest
(ROI) studies, although their study did not cover the
whole brain.

The present study was started to determine whether
there are any regional differences between FDG uptake in
early and late scans in the normal human brain in voxel-
by-voxel analysis with statistical parametric mapping
(SPM). If there is no difference in regional uptake of FDG

in the human brain, beginning data collection earlier in
PET studies may be an advantage because some subjects,
such as demented patients, are unable to stay in the
scanner for prolonged periods.

METHODS

Subjects
We studied 15 healthy normal subjects (4 men and 11
women), who volunteered for this study. They showed
no clinical evidence of cognitive deficits or neurological
disease and were not taking any acute or chronic med-
ications at the time of the scan. They had no abnormal
findings on magnetic resonance (MR) images. All the
subjects were right handed. Average age ± SD was 62.5
± 6.9 years (range; 55–77 years). This study was approved
by the internal ethics committee of our institute. Written
informed consent was obtained from each subject.

PET Procedure
Before the PET scans, MR images were obtained for all
the subjects for anatomical reference, for PET positioning
and to confirm that they had no abnormal conditions. MR
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and PET were performed as described previously.2,3 Im-
mediately before the PET examination, sagittal gradient-
echo images were obtained to determine the coordinates
for positioning of the head on the PET table. PET was
performed with a PET scanner Headtome IV (Shimadzu
Corp., Kyoto, Japan), which had four rings and yielded a
transverse resolution of 4.5 mm full-width-half-maxi-
mum (FWHM).4 The slice thickness was 11 mm and the
slice interval was 13 mm. The gantry and scanner table
were adjusted according to the coordinates determined by
MR imaging so that scans were taken parallel to the AC-
PC plane from 32.5 mm below to 52.0 mm above the AC-
PC plane. The scans were taken parallel to the anterior
commissure-posterior commissure (AC-PC) plane by
using the MR markings. A transmission scan was per-
formed with a 68Ga/68Ge pin source for absorption correc-
tion after each subject was positioned. PET studies were
performed under resting conditions with the subject’s
eyes closed and ears unplugged. All subjects had fasted
for at least 4 hours before PET scanning. A dynamic
sequence was performed for 48 min after administration
of 185–346 MBq of FDG. The scan protocol was sched-
uled to take 2 min × 16 images and 4 min × 4 images. Static
scanning started at 60 min after the injection and emission
data were collected for 12 min.

Data Analysis
The data sets were directly transmitted to a workstation
(Indigo2 High Impact, Silicon Graphics, Mountain View,
CA, USA) from the PET units, and converted to an
Analyze format.

For the early scan (30 min) image, three consecutive
dynamic images 32 min after injection (from 32 min to 44
min) were summed, and for the late scan image the static

image was used. To evaluate the regional differences
between the early and late scans, statistical processing
was performed with statistical parametric mapping (SPM)
96 software (Wellcome Department of Cognitive Neurol-
ogy, London, United Kingdom). Calculations and image
matrix manipulations were performed in MATLAB
(Mathworks Inc., Natick, MA, USA). All the individual
scans were transformed into a standard stereotactic ana-
tomical space. All images were smoothed with a 16 mm
isotropic Gaussian kernel to increase the signal-to-noise
ratio and to compensate for the differences between
individuals in gyral anatomy. Individual FDG images
were adjusted by using proportional scaling to compare
the effects of the early and late scans. Significance was
accepted if the voxels survived an uncorrected threshold
of p < 0.001.

We set regions of interest (ROI; 18 mm diameter) on
the areas in which the two scan images appeared to have
significantly different FDG uptakes.

RESULTS

In the bilateral posterior cingulate gyrus, parietal and
frontal association cortices, and subcallosal cortices, the
FDG uptakes were larger on the late scan image than on
the early scan image (p < 0.001, Fig. 1a), and the FDG
uptakes were larger in the frontal basis and cerebellar
hemisphere and vermis on the early scan image than on
the late scan image (p < 0.001, Fig. 1b).

According to the analysis with SPM96, we placed the
ROIs on the posterior cingulate gyrus and the cerebellum.
As shown in Figure 2, the difference in FDG uptakes
increased with time and the uptake ratio (posterior cingu-
late/cerebellum) also increased with time.

Fig.  1    Comparison of regional cerebral metabolic rate for glucose (CMRglc) reductions shown by
statistical parametric mappings (SPM) in normal subjects obtained with early (30 min) and late (60 min)
uptake scans. A: Regional FDG uptakes of the late scan are relatively larger than those of the early scan
in the bilateral parietal and frontal association cortices, and posterior cingulate gyrus. B: In the bilateral
lateral upper part of the cerebellar hemisphere, vermis and the frontal basis, regional FDG uptakes of
the early scan were larger than those of the late scan.
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DISCUSSION

Our study showed that FDG uptake is not consistent and
there are regional uptake differences between early and
late scans after intravenous injection of FDG. This means
that there is an intrasubject regional variation in cerebral
glucose metabolism. Kumar et al. previously reported that
under stable experimental conditions, potential errors in
rate constants, which are functions of time, do not signifi-
cantly influence estimations of the cerebral metabolic
rate for glucose (CMRglc), so that FDG PET scans can
be reliably performed 30 min after intravenous injection
of FDG.1 Nevertheless, this study was analyzed by only
the ROI method. Setting ROIs in particular regions on
particular slices overlooks the remaining brain regions,
and so the values of such regions are not included in the
statistics. On the contrary, our present study used a voxel-
by-voxel analysis, which covered all of the regions and
made it possible to demonstrate regional differences be-
tween the two scans. The cause of the regional glucose
difference between the two sets of scans remains un-
known. The difference may be due to a regional difference
in any regional rate constants such as K1, which is an
indication of FDG transportation rate from plasma to
tissue, and k3, which is an indication of the phosphoryla-
tion of glucose. And k4 cannot be assumed to be zero after
a long period of injection time.5 But previous studies,
which were based on an ROI analysis rather than a voxel-
by-voxel analysis, did not demonstrate significant re-
gional differences in rate constants in such regions in
normal human brains6,7 but showed a tendency for K1 to
be higher and k3 lower in the cerebellum than in the

Fig.  2    Upper: Time activity curves of mean count in the
posterior cingulate (Post Cing) and vermis (Vermis). Lower:
The line shows the mean ratio of posterior cingulate count to
vermis count. The ratio increases with time.

cerebrum. We suppose this slight difference caused the
regional FDG uptake difference shown in Figure 2. Soon
after injection, a precursor pool maybe influence the FDG
uptake as in the cerebellum. Further analyses such as
parametric images and CMRglc images obtained with
arterial input functions should be done in future.

An interesting finding of our study is that the regions
where uptake is higher in the late scan almost matches the
regions where glucose metabolism is affected in patients
with Alzheimer’s disease.8,9 Because in Alzheimer’s dis-
ease k3 is the parameter that is most affected in the
parietotemporal region, our results suggest that the pari-
etal and frontal association cortices and posterior cingu-
late gyrus are not so resistant to degeneration due to their
different FDG uptakes. In future studies, we intend to
investigate the regional difference between the early and
late FDG uptakes in patients with Alzheimer’s disease in
order to determine whether these regions also have re-
gional differences.
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