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Although regional cerebral metabolism and blood flow in Alzhei-
mer’s disease (AD) have been studied extensively with PET and
SPECT, few reports have been concerned with cerebellar metabo-
lism or perfusion in Alzheimer's disease. To evaluate cerebellar
glucose metabolism in Alzheimer’s disease patients, we studied the
cerebellar and cerebral metabolic rate for glucose (CMRgic) using
2[*8Ffluoro-2-deoxy-D-glucose (*F-FDG) and PET. Methods: Six-
ty-eight patients with Alzheimer's disease and 13 age-matched
normal control subjects were examined. According to scores ob-
tained on the Mini-Mental State Examination (MMSE), Alzheimer's
disease patients were classified into three groups: severe (n = 9),
moderate (n = 33) and mild (n = 26). Results: The cerebellar
glucose metabolism in the severe Alzheimer’s disease group was
significantly lower (cerebellar glucose metabolism: 5.71 = 0.62
mg/100 g/min) than that of the control group (6.85 + 0.66 mg/100
g/min), while temporal and parietal CMRgic were much more
decreased. The cerebellar glucose metabolism in the mild and
moderate Alzheimer’s disease groups also showed lower levels than
that of the control group, but the differences did not reach significant
levels. Like other cortical CMRglc, the cerebellar glucose metabo-
lism correlated with cognitive impairments. Conclusion: In severe
Alzheimer’s disease, cerebellar glucose metabolism is significantly
reduced. The method of analysis using normalization of regional
metabolic data to cerebellar values may be liable to err in severe
Alzheimer’s disease patients.
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Alzheimer’s disease is a progressive neurodegenerative dis-
ease, and neuroimaging is of some value, as are neurologic and
neuropsychologic examinations, in studying Alzheimer’s dis-
ease. Functional neuroimaging with PET, which is still largely
a research investigation, has demonstrated bilateral temporopa-
rietal and medial temporal hypoperfusion in Alzheimer’s dis-
ease patients (/,2). Similar findings have been supported by
perfusion pattern diagnosis in routine SPECT (3). In most of the
PET and SPECT studies of Alzheimer’s disease, cerebellar
perfusion or metabolism is used as a reference region on the
assumption that cerebellar cortices are less involved in Alzhei-
mer’s disease. In mild-to-moderate Alzheimer’s disease pa-
tients, cerebellar perfusion and oxygen metabolism did not
decrease when compared with those of age-matched normal
control subjects (2). On the other hand, in routine clinical
SPECT examinations for Alzheimer’s disease, reduced radio-
active tracer accumulations have been detected in the parietal
and temporal regions, whose activities are normalized using the
cerebellum as a reference region. However, histopathological
studies have revealed that the cerebellum is also affected in
severe Alzheimer’s disease patients (4,5). Few previous PET
studies in Alzheimer’s disease evaluated cerebellar metabolism,
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although there have been many studies on cerebral metabolism
and perfusion. The purpose of this study was to evaluate
regional cerebellar and cerebral metabolic ratio for glucose
(CMRglc) in patients with Alzheimer’s disease using
2["®F]fluoro-2-deoxy-D-glucose (['®F]JFDG) and PET.

MATERIALS AND METHODS

Patient Selection

We studied 81 subjects, including 68 patients with Alzheimer’s
disease (52 women, 16 men; age range 70.6 * 7.9 yr; mean * s.d.)
and 13 age-matched healthy volunteers (9 women, 4 men; age
range 67.9 = 7.4 yr; mean * s.d.). According to the following
criteria, patients with Alzheimer’s disease were selected from those
who were admitted to our hospital for an examination. All patients
were examined by both neurologists and psychiatrists and given
magnetic resonance (MR) imagings of the brain, MR angiographies
of the neck and head, an electroencephalography and standard
neuropsychological examinations during periods of admission of
more than 1 mo.

The inclusion criteria included: (a) the National Institute of
Neurological Disease and Stroke/Alzheimer’s Disease and Related
Disorders Association (NINCDS/ADRDA) criteria for probable
Alzheimer’s disease (6); (b) brain atrophy predominantly involving
parietal and/or medial temporal regions and no evidence of focal
brain lesions on MR images; and (c) mild-to-severe functional
disorders (grades 0.5-3 on Clinical Dementia Rating (CDR) scores
)

Exclusion criteria included: (a) complication of other neurolog-
ical diseases or ill physical conditions; (b) presence of severe
language, attention or behavioral disorders that would make PET
scans difficult; (c) lack of obtaining informed consent from patients
and their relatives.

The mean Mini-Mental State Examination (MMSE) (8) score
was 18.5 * 4.8 and the mean Alzheimer’s Disease Assessment
Scale (ADAS) (9) score was 22.2 * 8.6. Patients receiving a
MMSE score of 0—11, 12-20 or 21-30 were categorized as having
severe, moderate or mild Alzheimer’s disease, respectively.
Healthy volunteers, who served as normal control subjects, had no
neurological signs or significant medical antecedents and no
abnormal findings on MR images.

Before PET scans, MR images were obtained for all subjects for
diagnosis, anatomical reference and PET positioning. Detailed MR
procedures have been reported elsewhere (/0). Inmediately before
the PET examination, sagittal gradient-echo images were obtained
to determine the coordinates for positioning of the head on the PET
table.

PET Procedure

Prior to the PET study, written informed consent was obtained
from all patients and their relatives and from all volunteers
according to the Declaration of Human Rights, Helsinki, 1975. The
PET study was strictly followed according to the PET Drug Usage
Manual in our institute and was approved by the internal Ethical
Committee.
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TABLE 1
Regional Cerebral Glucose Metabolism in Each Group

Age
n () Cerebellum Temporal Occipital Frontal Sensorimotor Parietal
Severe AD 9 67.8 =89 5.71 £ 0.62* 4.57 + 0.79* 6.16 = 1.01* 543 = 0.81* 6.33 + 0.81* 471 £1.01*
Moderate AD 33 720*79 6.32 + 0.95 5.64 + 1.00* 6.85 + 1.03" 6.29 + 1.00* 6.97 + 0.94 5.63 + 1.09%
Mild AD 26 69.7 + 75 6.71 = 0.87 6.35 + 0.86 7.37 £ 091 6.82 + 0.89" 737 £ 0.75 6.47 = 1.01%
Normal 13 67974 6.85 + 0.66 7.10 = 0.79 7.90 = 0.90 7.73 + 0.84 7.72 £ 0.73 7.80 = 0.99
*Significantly different from normal control values (p < 0.05).
1Significantly different from normal control values (p < 0.01).
*Significantly different from normal control values (p < 0.001).
Values are expressed as mean * 1 s.d. AD = Alzheimer’s disease.
PET images were obtained with a tomograph that has four rings Ratio A each individual parietal CMRglc
located 13 mm apart and yield a transverse resolution of 4.5 mm tio A = m : .
. . A ean parietal CMRgIc of 13 normal controls
FWHM (11). The slice thickness was 11 mm, and the slice interval P £
was 6.5 mm when the z-motion mode was used. The subject’s head each individual parietal CMRglc/
was placed horizontally on the table of the PET scanner, and the Ratio B each individual cerebellar CMRglc
tio B =

gantry and the table of the PET scanner were adjusted according to
the coordinates determined with MR imaging so that the scans
were taken parallel to the AC-PC plane (12).

A transmission scan was obtained using a *®Ga/*®Ge pin source
for absorption correction after each subject was positioned. PET
studies were performed under resting conditions with eyes closed
and ears unplugged. All subjects had fasted for at least 4 hr before
PET scanning. One hundred and eighty five to 259 MBq ['*F]JFDG
was injected into an antecubital vein. Arterial blood sampling was
done from a catheter inserted into a radial artery just after
administration and later at 15, 30, 45, 60, 75, 90, 105 and 120 sec
andat2.5,3,3.5,4,45,5,6,7,8,9, 10, 12, 14,16, 18, 20, 25, 30,
40, 50, 60 and 70 min. Brain scanning was started at 60 min after
the injection, and emission data were collected for 12 min.

Values of regional cerebral metabolic rate of glucose (CMRglc)
were calculated according to a model based on the autoradio-
graphic technique proposed by Sokoloff et al. (/3) and revised by
Phelps et al. (14) and Reivich et al. (/5) for human studies.

Data Analysis

PET and MR image datasets were directly transmitted to a
workstation from the PET and MR imaging units. T1 and T2 axial
MR images were reviewed by one investigator who was blind to
the knowledge of the subjects’ clinical data, and the cerebellar
atrophy was assessed by visual evaluation.

MR images of three-dimensional scales and coordinates that
were identical to those of the PET images were made for anatom-
ical references of the PET analysis. Both PET and MR images were
displayed side by side on a display monitor, and two or three
circular regions of interest (ROIs), 10 mm diameter, were deter-
mined on the cortical ribbon of each region on the CMRglc image.
ROIs were placed on the cerebellar cortices, lateral temporal lobe,
occipital lobe, frontal lobe, primary sensorimotor region and
parietal lobe. The value of each regional CMRglc was shown as the
average of the right and left regional values.

Statistical Analysis

The regional CMRglc of the three Alzheimer’s disease groups
were compared with those of normal controls. For CMRglc
measures, one-way analysis of variance (ANOVA) was used for
group comparisons, and Scheffé’s test was used for multiple post
hoc comparisons. To estimate the difference between the quanti-
tative and qualitative evaluations, we calculated the following
ratios in the parietal lobes of the subjects, where the glucose
metabolic reduction is the severest in Alzheimer’s disease:
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mean parietal CMRglc of 13 normal controls/
mean cerebellar CMRglc of 13 normal controls

The Ratios A and B were compared with a paired Student’s t-test
in each group.

For each patient, we analyzed the relation between each regional
CMRglc value and the cognitive function (MMSE and ADAS
score) using Pearson’s correlation coefficient. Differences were
considered significant when the p value was <0.05.

RESULTS

There was no apparent cerebellar atrophy even in a patient
with severe Alzheimer’s disease, though there was apparent
diffuse cerebral atrophy. The average values for regional
CMRglc in each group are shown in Table 1. There was a
significant group difference in the cerebellar glucose metabo-
lism (F = 4.30; p = 0.0074). The cerebellar glucose metabo-
lism in the severe Alzheimer’s disease group was significantly
lower than that of the control group (p < 0.05). There were
significant decrements in CMRglc in all of the neocortical
regions in the severe Alzheimer’s disease group. The moderate
Alzheimer’s disease group also showed significant reductions
of CMRglc in the parietal, temporal, frontal and occipital lobes
when compared with normal controls.

Figure 1 shows representative CMRglc images from each
group. All patients had Alzheimer’s disease reduction patterns
(temporal and parietal CMRglc reduction), but the CMRglc
value of the severe Alzheimer’s disease patients was the lowest.

As shown in Figure 2, the average ratio A of the severe group
was 60%, the moderate group was 72% and the severe group
was 83%. The average ratio B of the severe group was 72%, the
moderate group was 78% and the mild group was 85%. The
difference between ratio A and ratio B became significantly
larger in accordance with the severity of Alzheimer’s disease.

Each regional CMRglc correlated with the MMSE score and
ADAS score when Pearson’s correlation coefficient was used
(Table 2). The magnitude of the correlation in the temporal and
parietal cortices was larger than those in the other cortices.
However, there was a significant correlation between the
MMSE/ADAS score and the CMRgIc even in the cerebellum,
occipital and sensorimotor cortices.

DISCUSSION
A decline in CMRglc in the temporal and parietal cortices in
Alzheimer’s disease group was demonstrated in our study,
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FIGURE 1. Representative CMRglc images from each of three groups of
Alzheimer's disease patients and a normal subject. Severe Alzheimer's
disease: A 69-yr-old woman with Alzheimer’s disease. MMSE score was 7.
Both cerebellar and cerebral glucose metabolism were decreased. Moderate
Alzheimer’s disease: A 73-yr-old woman with Alzheimer’'s disease. MMSE

score was 15. Mild Alzheimer’s disease: A 75-yr-old woman with Alzheimer’s
disease. MMSE score was 22. Normal control: A 73-yr-old normal woman.

which supports the findings of previous studies (/,/6-18). Our
study, however, revealed that cerebellar glucose metabolism in
the severe Alzheimer’s disease group was significantly reduced
compared with that of normal control subjects. The cerebellar
glucose metabolism in the mild and moderate Alzheimer’s
disease groups tended to be lower than that of normal control
subjects.

Our results are supported by a neuropathologic study of the
autopsied cerebellum from six Alzheimer’s disease and 10
non-Alzheimer’s disease subjects (4). Neither senile plaques
nor amyloid angiopathy were observed in the non-Alzheimer’s
disease subjects, while in four of the six patients with Alzhei-
mer’s disease, diffuse plaques were detected in the molecular
layer, which were seen as ill-defined areas of fine fibrillar
materials. The compact plaques in the Purkinje cell or in the
granular cell layers were found in three of the six Alzheimer’s
disease patients. Amyloid angiopathy was observed in three of
the six Alzheimer’s disease patients. In one of the Alzheimer’s
disease patients, the cerebellum, in addition to the cerebral
cortices, was affected.
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FIGURE 2 Average A and B ratios in each Alzheimer’s disease group. Ratio
A = each individual parietal CMRglc/mean parietal CMRgic of 13 normal
controls. Ratio B = (each individual parietal CMRglc/each individual cerebel-
lar glucose metabolismy/(mean parietal CMRglc of 13 normal controls/mean
cerebellar glucose metabolism of 13 normal controls) ‘p < 0.05.
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On the other hand, ['®F]FDG and PET studies showed that
there were no significant differences among the cerebellar
glucose values in the control and Alzheimer’s disease groups
(16,17), while the mean cerebellar glucose metabolism in stroke
and tumor patients was lower in the hemisphere contralateral to
the supratentorial lesion (/8). Kushner et al. (/8) compared
severe-to-mild Alzheimer’s disease patients with a normal
group. If they had classified them into three groups, as was done
in our study, they might have found a significant difference
between the cerebellar glucose metabolism in advanced Alzhei-
mer’s disease patients and the control group.

It is important to note that even in the occipital cortices in
Alzheimer’s disease patients, the CMRglc was lower than that
of normal controls. Kumar et al. (/) reported that primary
sensorimotor regions demonstrated statistically significant re-
ductions in CMRglc even in mild Alzheimer’s disease, the
CMRglc in the sensorimotor area of Alzheimer’s disease
patients in our study also tended to be lower than that of the
control group. We suppose all the regions are connected with
each other, and global neurodegeneration and remote effects
from severely affected areas take part in the reduction of whole
brain glucose metabolism.

Motor apraxia or dyscoordination could conceivably alter
cerebral-cerebellar metabolic relationships in Alzheimer’s dis-
ease patients. There is a frontal hypometabolism in progressive
supranuclear palsy, where neocortical pathology is minimal
(19). A similar proposal may be made to explain the decrease in
the cerebellar glucose metabolism in Alzheimer’s disease. The
cerebellar hemispheres demonstrate right-left metabolic asym-
metries that correlate with asymmetries in the opposite direction
in the contralateral frontal, temporal and parietal cortices,
reflecting the phenomenon of crossed cerebellar diaschisis (20).
We suppose that these reductions are due not only to cerebellar
degeneration but also to remote effects from severely affected
cortical regions, such as temporal cortices, parietal cortices and
so on. Because our patients suffered no motor disorder and were
not wheelchair bound or immobilized in spite of reduced
cerebellar glucose metabolism, and because there was no
obvious cerebellar atrophy even in the severe Alzheimer’s
disease group, cerebellar degeneration might play a small role.

In a SPECT study of Alzheimer’s disease, regional cerebral
blood flow (CBF), normalized to the mean activity in a
cerebellar reference slice, was assessed (21). Talbot et al. (22)
evaluated the effect of using two different reference regions in
the quantification of SPECT. Alzheimer’s disease patients,
frontotemporal dementia patients and age-matched controls
were examined using **"Tc-HMPAO and SPECT. Regional
CBF in each ROI were determined by normalizing the count
densities to both cerebellar and occipital cortex reference
regions. The number and topographical distribution of ROIs
with significant group differences varied depending on the
choice of reference region. The magnitude of these differences
was greatest when the cerebellum was used as the reference
region. Because the disparity between results obtained with the
two reference regions was most apparent in the Alzheimer’s
disease group, Talbot et al. (22) concluded that the cerebellum
was the more appropriate choice for a reference region in the
quantification of SPECT in primary degenerative dementia.

Because there is a good correlation between blood flow and
metabolism in most regions of the brain (23), the use of the
cerebellum as a reference region has the risk of underestimating
the magnitude of perfusional or metabolic reduction, especially
in a patient with severe Alzheimer’s disease. As our data
indicated that all regional glucose metabolism correlated with
cognitive impairments, there may be no regions in the brains of
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TABLE 2
Pearson Correlation Coefficient Between Regional CMRgic and MMSE/ADAS Scores in Alzheimer’s Disease Patients

Score Cerebellum Temporal Occipital Frontal Sensorimotor Parietal

MMSE r = 0.366 r = 0.546 r = 0.387 r=0.470 r=0.354 r=0.519
(p < 0.005) (p < 0.001) (p < 0.005) (p < 0.001) (p < 0.005) (p < 0.001)

ADAS = -0377 r=-0.594 r=-0.364 r = —-0.556 = —0.465 r=-0.620
(P < 0.005) (P < 0.001) (p < 0.005) (p < 0.001) (P < 0.001) (p < 0.001)

MMSE = Mini-Mental State Examination; ADAS = Alzheimer’s Disease Assessment Scale.

Alzheimer’s disease patients that could be used as a good
reference region for normalizing. The correlation between the
cognitive impairments and the glucose metabolism in the
cerebellum, occipital cortices and sensorimotor cortices indi-
cates that even in these regions, the CMRglc is not completely
preserved in Alzheimer’s disease. Moreover, as the role of the
cerebellum in the memory process is not insignificant (24), this
may be one of the causes of cerebellar glucose metabolic
reduction in Alzheimer’s disease. However, the origin of most
of the cerebellar glucose metabolic reduction in Alzheimer’s
disease would be remote effects from frontal, temporal and
parietal lobes affected by the disease and neurodegeneration in
severe Alzheimer’s disease.

CONCLUSION

We demonstrated a significant cerebellar glucose metabolic
reduction in severe Alzheimer’s disease with no evident cere-
bellar atrophy. Although cerebellar glucose metabolism is not
as strongly reduced as in the parietal and temporal regions,
Alzheimer’s disease is a global degenerative brain disease in
which the degeneration appears evident in accordance with
severity.

ACKNOWLEDGMENTS

We thank Dr. C. Tanaka, Hyogo Institute for Aging Brain and
Cognitive Disorders, for her continuous encouragement and critical
review of the manuscript. We thank Drs. Y. Ikejiri, T. Imamura, N.
Hirono, T. Shimomura, M. Ikeda, M. Nakai and H. Yamashita,
Hyogo Institute for Aging Brain and Cognitive Disorders, for
providing clinical information and Mr. T. Kida and Mr. H. Sakai,
Hyogo Institute for Aging Brain and Cognitive Disorders, for their
technical assistance. Part of the normal subjects were recruited
from the Volunteer Group for Promotion of Medicine, Kobe.

REFERENCES

1. Kumar A, Schapnro MB Grady C, et al. High-resolution PET studies in Alzheimer’s
disease. Neurops. logy 1991;4:35-46.

2. Ishii K, K:tagalu H Kono M, Mori E. Decreased medial temporal oxygen metabolism
in Alzheimer’s discase shown by PET. J Nucl Med 1996;37:1159-1165.

3. Ishii K, Mori E, Kitagaki H, et al. The clinical utility of visual evaluation of
scintigraphic perfusion patterns for Alzheimer’s disease using '*I-IMP SPECT. Clin
Nucl Med 1996;21:106-110.

4. Yamaguchi H, Hirai S, Morimatsu M, Shoji M, Nakazato Y. Diffuse type of senile
plaques in the cerebellum of Alzheimer-type dementia demonstrated by beta protein
immunostain. Acta Neuropathol 1989;77:314-319.

928

5. Cole G, Neal JW, Singhrao SK, Jasani B, Newman GR. The distribution of amyloid
plaques in the cerebellum and brain stem in Down’s syndrome and Alzheimer’s
di a light mic | analysis. Acta Neuropathol 1993;85:542-552.

6. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical
diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA Work Group under
the auspices of Department of Health and Human Services Task Force on Alzheimer’s
disease. Neurology 1984;34:939-944.

7. Morris JC. The clinical dementia rating: current version and screening rules. Neurol-
ogy 1993;43:2412-2414.

8. Mori E, Mitani Y, Yamadori A. Usefulness of Japanese version of the Mini-Mental
State test in neurological patients. Jpn J Neuropsychiatry 1985;1:82-90.

9. Honma A, Fukuzawa K, Tsukada Y, Ishii T, Hasegawa K, Mohs RC. Development of
a Japanese version of Alzheimer’s disease assessment scale. Jpn J Geriatr Psychiatry
1992:647-655.

10. Ishii K, Sasaki M, Sakamoto S, Kitagaki H, Yamaji S, Maeda K. Regional difference
of cerebral blood flow and oxidative metabolism in human cortex. J Nucl Med
1996;37:1086-1088.

11. lida H, Miura S, Kanno I, et al. Design of evaluation of Headtome IV: a whole-body
PET. IEEE Trans Nucl Sci 1989;NS-37:1006-1010.

12. Talairach J, Tournoux P. Co-planar stereotaxic atlas of the human brain. Stuttgart,
Germany: Thieme Verlag; 1988.

13. Sokoloff L, Reivich M, Kennedy C, et al. The '“C-deoxyglucose method for the
measurement of local cerebral glucose utilization, theory, and normal values
in the conscious and anesthetized albino rat. J Neurochem 1977;28:897-916.

14. Phelps ME, Huang SC, Hoffman EJ, Selin C, Sokoloff L, Kuhl DE. Tomographic
measurement of local cerebral glucose metabolic rate in humans with ['®F]-2-fluoro-
2-deoxy-D-glucose: validation of method. Ann Neurol 1979;6:371-388.

15. Reivich M, Alavi A, Wolf A, et al. Glucose metabolic rate for kinetic model parameter
determination in humans: the lumped constants and rate constants for '*F-fluorode-
oxyglucose and ''C-deoxyglucose. J Cereb Blood Flow Metab 1985;5:179-192.

16. Cutler NR, Haxby JV, Duara R, et al. Clinical history, brain metabolism and
neuropsychological function in Alzheimer’s disease. Ann Neurol 1985;18:298-309.

17. Nybik H, Nyman H, Blomgqvist G, Sjogren I, Stone-Elander S. Brain metabolism in
Alzheimer’s dementia: studies of ''C-deoxyglucose accumulation, CSF monoamine
metabolites and neuropsychological test performance in patients and healthy subjects.
J Neurol Neurosurg Psychiatry 1991;54:672-678.

18. Kushner M, Tobin M, Alavi A, et al. Cerebellar glucose consumption in normal and
pathologic states using fluorine-FDG and PET. J Nucl Med 1987;28:1667-1670.

19. Blin J, Baron JC, Dubois B, et al. Positron emission tomography study in progressive
supranuclear palsy. Brain hypometabolic pattern and clinicometabolic correlations.
Arch Neurol 1990;47:747-752.

20. Akiyama H, Harrop R, McGeer PL, Peppard R, McGeer EG. Crossed cerebellar and
uncrossed basal ganglia and thalamic diaschisis in Alzheimer’s disease. Neurology
1989;45:191-206.

21. Claus JJ, van Harskamp F, Breteler MM, et al. Assessment of cerebral perfusion with
single-photon emission tomography in normal subjects and in patients with Alzhei-
mer’s disease: effect of region of interest selection. Eur J Nucl Med 1994;21:1044
1051.

22. Talbot PR, Lloyd JJ, Snowden JS, Neary D, Testa HJ. Choice of reference region in
the quantification of single-photon emission tomography in primary degenerative
dementia. Eur J Nucl Med 1994;21:503-508.

23. Lou HC, Edwinsson L, MacKenzie ET. The coupling blood flow to brain function:
revision required? Ann Neurol 1987;22:289-297.

24. Buckner RL, Petersen SE, Ojemann JG, Miezin FM, Squire LR, Raichle ME.
Functional ical studies of explicit and implicit memory retrieval tasks. J Neu-
rosci 1995;15:12-29.

THE JOURNAL OF NUCLEAR MEDICINE « Vol. 38 « No. 6 « June 1997





