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INTRODUCTION

Dementia is the commenst cause of disability in
the older population. As average age of the popu-
lation shifts upward, approximately 10% of people
over the age of 60 suffer from dementia and at any
one time half of those are severely demented?®.

Alzheimer’s disease is the most common cause of
dementia. But great uncertainties remain concern-
ing the etiology, pathology, differential diagnosis
and treatment of Alzheimer’s disease. So early and
accurate diagnosis of Alzheimer’s disease has a
major impact on the progress of research of
dementia.

Diagnosis of Alzheimer’s disease is made by
exclusion and largely on clinical ground®. No spe-
cific laboratory determinents exist, and brain biop-
sy is unjustified. The main problem occurrs when
laboratory tests, including brain imaging, show no
abr\lormality.

Psychologic depression is a common response to
physica{l and emotional deprivation of elderly
life**® and is usually reversible with appropriate
medical management. Frequently depression mas-
quarades as dementia and sometimes accompanies
dementia, especially associated with multiple
stroke, head trauma and Huntington’s chorea?®.

In patients with severe and advanced Alzhemer’s
disease, significant cortical atrophy and changes in
ventricular size have been demonstrated by X-ray
CT"but efforts to use atrophy indices to differentiate
patient from elderly control have yielded inconsis-
tent result®®.

Measurements of local cerebral glucose metabo-
lism by positron emission tomography (PET) have
shown bilateral temporoparietal metabolic change
in Alzheimer’s disease®™®,

Single photon emission computed tomography
(SPECT) studies using '**Xe inhalation method
or '?!I-iodoamphetamine (IMP) intravenous injec-

tion method have also shown bilateral cerebral
blood flow reduction in temporoparietal areas®!®',

Since PFT is a specialized and expensive tech-
nique available in only a few centers, and mainly for
research, it is unlikely to become widely applied to
clinical diagnosis.

123].1abeled amphetamine have chemical, physical
and practical drawbacks for SPECT imaging such
as cost and limited availability.

A new radiopharmaceutical *"Tc-HMPAO has
been showen to give images of cerebral perfusion
comparable to those obtained with *2*I-IMP**'® and
tomographic brain images indicated that the distri-
bution of the compound is related to regional cere-
bral blood flow.

The purpose of present study is to evaluate the
usefulness of **"Tc-HMPAO brain SPECT for the
clinical assessment and management of Alzheimer’

s disease.

PATIENTS AND METHOD
1. Patients

Eleven patients with Alzheimer’s disease (6 men
and 2 women, mean age 54yr) and 12 normal con-
trols (8 men and 4 women, mean age 53yr) were
studied (Table 1). :

All normal controls were free from known
cerebrovascular disease. All patients had EEG’s,
X-ray CT scan and appropriate laboratory evalua-
tion to rule out other causes of dementia. The
clinical diagnosis was made after neurologic and

Table 1. Distribution of Patients

No. of patient Age
Group .
Total (M/F) Mean Range
Normal control 12(8/4) 53 (49-76)
Alzheimer’s disease 11 (6/5) 58 (48-75)
Depression 7(5/2) 54 (43-65)
Total 30 (19/11)
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psychiatric evaluation'®.
2. Method

Nonradioactive freeze—dried HMPAO kit
(Ceretec*) was labeled with **"Tc-HMPAO less
than 30 minutes prior to injection, Ten to sixty
minutes after intravenous injection of 20 to 25 mCi
of *"Tc-HMPAO, SPECT data was collected
with patient positioned supine and head supported
so as that orbitomeatal line be vertical, Imaging
was carried out with a rotating gamma camera
(Rota camera system, Siemens) and dedicated
computer (CDA microDELTA computer, Sie-
mens), SPECT data acquisition required 120
projections 3° apart into 64X64 word mode
matrix, Total acquisition time was 60 minutes,

The raw data were reconstructed by filtered
backprojection, Reconstructed tomographic

images were subjected to a nine—point smoothing

Rt ACA

Fig. 1. Region of interest as used for quantitative analysis of SPECT

Lt AC,

and were qualitatively interpreted,

For quantitative analysis, consecutive two
transverse slices of reconstructed images were
added and 3 slices were selected, Each of the 3
slices was smoothed once, Among 3 slices, the
lowest slice contained information from cerebellar
hemispheres, the second slice contained informa-
tion from the base of the cerebral hemispheres and
the highest slice contained information from the
rest of cerebral hemispheres,

Six pairs of symmetrical regions of interest,
matching the perfusion territories of the large
cerebral arteries and cerebellar hemisphere were
decided, The respective slices with their corre-
sponding regions of interest are shown on Fig 1,

From the count values of regions of cerebral
hemisphere, an index which shows perfusion
difference between right and left cerebral hemi-

sphere, an index which shows perfusion difference

images. Rt;right, Lt ;reft, Cbll ; cerebellar hemisphere, BG ; area
of basal ganglia, PCA; posterior cerebral artery, MCAa ; middle
cerebral artery {anterior), MCAp ; middle cerebral artery {posterior}.

ACA ; anterior cerebral artery.
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between right and left cerebral hemisphere, cere-
bral asymmetry index (ASI), was calculated
using following equation :
ASI =3 [(Ri-Rio)*]}

i=

where Rio is the mean normal value for the
right to left ratio and Ri is righf to left ratio of
each patient,

From the count values in cerebellar hemi-
spheres, an index which shows asymmetry of
cerebellar uptake, percent index of cerebellar
asymmetry (PIA), was calculated using following

equation :

_ Cbll (¢)—Chll (i)
PIA ="

where Cbll (c) is count of cerebellar hemisphere

X 100 (%)

contralateral to the diseased cerebral hemisphere
and Cbll (i) is count of cerebellar hemisphere
ipsilateral to the diseased cerebral hemisphere,

Finally region to cerebellum ratio (RCR), a
ratio of the count of each cerebral region to the
mean count of both cerebellar hemispheres, was
calculated, Thus 5 RCR’s for each cerebral
hemisphere were obtained,

Table 2. Clinical Characterization of 11 Patients with
Alzholmor’s Disease

No.  Age Sex XCT SPECT
1 49 M Normal Both TP
2 48 M Normal Both P
3 63 M Normal Lt FP
4 62 F Normal Both TP
5 60 F Mild DA Lt T
6 50 F Normal Both TP
7 53 M Mild DA Both T
8 75 F Mild DA Both P
9 54 F Miid DA Lt F
10 69 M Miid DA Lt TP
11 56 M Mild DA Both P

DA : Diffuse cortical atrophy, T ; Temporal lobe,
P : Parietal lobe, F : Frontal lobe

RESULTS

X-ray CT findings were normal in all normal
controls, Among 11 patients with Alzheimer’s
disese CT was normal in 6 and showed mild
cortical atrophy in 5, Among 7 patients with
depression, CT was normal in 5 and showed mild
cortical atrophy in 1,

According to qualitative SPECT image interpre-
tation, all normal controls and patients with
depression showed normal findings, Among 11
patients with Alzheimer’s disease, 7 showed red-
uced perfusion in both parietal and temporal
areas, 3 in unilateral parietal and temporal areas
and 1 in frontal area (Table 2, Table 3).

Ratios for symmetrical right to left regions of
interest for each cerebral hemispheres (Rio val-

Table 3. Clinical Characterization of 7 Patients with
Psychological Depression

99myc.
No. Age Sex X-ray CT HMPAO
SPECT

1 48 F Normal Normal
2 61 M Normal Normal
3 65 M Mild DA Normal
4 50 M Normal Normal
5 51 M Normal Normal
6 60 F Normal Normal
7 43 M Normal Normal

DA : Diffuse Cortical atrophy

Table 4. Normal Value for Region to Cerebellum Ratio

Left henﬁsphere

Region of Right hemisphere
interest
Mean SD Mean SD

BG 0.90 0.06 0.90 0.06
PCA 0.86 0.06 0.85 0.07
MCAp 0.82 0.06 0.80 0.04
MCAa 0.79 0.05 0.78 0.05
ACA 0.81 0.05 0.81 0.04
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ues) are given in Table 4, Ratios are given for
territories of the anterior cerebral artery, anterior
and posterior portion of middle cerebral artery
and the posterior cerebral artery as well as the
area of basal ganglia, HMPAO uptake is slightly
higher for right hemisphere as reflected by the
mean right to left ratios which are slightly above
1.

The mean and S,D, of ASI for each group is
given in Table 5, The mean ASl of normal
controls was 0.08+0.03, that of patients with
Alzheimer’s desease was 0.11+0,04 and that of
patients with depression was 0,09+0,03. There
was no statistically significant difference between
normal controls and patient groups, Figure 2
illustrates individual ASI values for normal con-

Table 5. Cerebral Asymmetry Index (ASI) of Each Group

Group N(?. of ASI P value
patients
Mean SD
Normal control 12 0.08 0.03
Alzheimer’s disease 11 0.11 0.04 NS
Depression 7 0.09 0.03 NS
NS : Not significant
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Fig. 2. Cerebral asymmetry index of each group. Dots
represent individual values. Bars indicte mean * SD.
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trols and each patients,

The mean and S.D, of PIA of each group is
given in Table 6, The mean PIA of normal
controls was —0,4+0,7%, that of patients with
Alzheimer’s disease was —0,7+0.8% and that of
patients with depression was —0, 740, 7%, There
was no statistically significant difference between
normal controls and patient groups, Figure 3
illustrates individual PIA values for normal con-
trols and each patients,

Table 7, Table 8 and Table 9 show mean and
S.D. of RCR of each region for nomal controls,
patients with Alzheimer’s disease and patients
with depression respectively, According to 10

Table 6.- Percent Index of Cerebellar Asymmetry (P1A)
of Each Group

No. of  PIA (%) |
Group patients — p value
Mean  SD
Normal control 12 —-0.4 0.7
Alzheimer’s disease 1 —-0.7 0.8 NS
Depression 7 —-0.7 0.7 NS
NS : Not significant
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Fig, 3. Percent index of cerebellar asymmetry of each
group. Dots represent individual values. Bars indicate
mear £ SD.
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mean RCR of patients with -Alzheimer’s disease,
significant reduction of regional cerebral blood
flow was found in the posterior portion of the
middle cerebral artety territory bilaterally (p<0,
05). The mean RCR for normal controls was 0,
82+0. 06 for right hemisphere and 0. 8040, 04 for

Table 7. Normal Value for Region to Cerebellum Ratio

left hemisphere and that for patients with Alz-
heimer’s disease was 0,75%0,05 and 0,75+0, 07
respectively, All of the mean RCR’s of patients
with depression showed no significant difference

Table 8. Mean Region to Cerebellum Ratio of 11 Pati-
ents with Alzheimer’s Disease

Left hemisphere

Region of Right hemisphere
Region of Right hemisphere Left hemisphere interest Mean SD Mean SD
interest M D M
ean an SD BG 0.88  0.07 0.86  0.07
BG 0.90 0.06 0.90 0.06 PCA 0.80 0.07 0.81 0907
PCA 0.86 0.06 0.85 0.07 MCAp 0.75% 0.05 0.75% 0.07
MCAp 0.82 0.06 0.80 0.64 MCAa 0.75 0.06 0.75 0.08
MCAa 0.79 0.05 0.78 0.05 ACA 0.70 0.04 0.78 . 0.04
ACA 0.81 0.05 0.81 0.04 '
* P <0.05
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Fig. 4.

Region to cerebellum ratio of 11 patients with Alzheimer’s disease. Dotted areas represent normal range (mean

+ SD). Bars indicate mean  SD. of patients in each region.
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from those of normal conrtrols, Figure 4 and
Figure 5 illustrate individual RCR value for each

patients as well as normal range,
DISCUSSION

Alzheimer’s disease produces a progressive
neuronal degeneration of the cerebral cortex,

combined with similar abnormalities in certain

Table 9. Mean Region to Cerebellum Ratio of 7 Pati-
ents with Psychological Depression

Region of Right hemisphere Left hemisphere
interest
Mean SD Mean SD
BG 0.89 0.04 0.88 0.03
PCA 0.85 0.03 0.85 0.02
MCAp 0.80 0.03 0.81 0.03
MCAa 0.81 0.05 0.81 0.05
ACA 0.80 0.06 0.80 0.06
1.0

By the time of death, the
temporal lobe in Alzheimer’s disease is usually

subcortical cortex,

smaller than normal, Neuronal loss affects espe-
cially the large pyramidal cells of the hip-
pocampus, the amygdala and the parietal and
frontal association area®, In the early 1960s,
and Kidd'® demonstrated that the
ultrastructural changes in the brains of elderly

Terry et al'®,

persons with Alzheimer’s disease and in those with
Now both

terms are used for the same disease irrespective of

presenile dementia were identical,

age,

Except for the signs of abnormal mental status,
the physical and neurological examinations remain
normal in early or intermediate state of Alz-
heimer’s disease. Because no peripheral biochemi-
cal marker for Alzheimer’s disease has been
found, laboratory tests are not helpful except in a
negative sense, So definite diagnosis of Alzheimer’

s disease can be made only if histologic confirma-

Region to Cerebellum Ratio

BG PCA

MCAp MCAa ACA

Fig. 5. Region to cerebellum ratio of 7 patients with depression. Dotted areas represents normal range (mean £ SD}

Bars indicate mean £ SD, of patients in each region.
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tion is obtained by performing cerebral biopsy or
an autopsy®>'”, In recent years, however, the
ability to diagnose Alzheimer’s disease clinically
has improved greatly, from a 10 to 50% error
rate’® to at least 90% assurance of accuracy'?,
Many of the diagnostic errors recorded in earlier
retrospective series were found to have resulted
from the failure to recognize depression,

X-ray CT scans of brain may or may not show
moderate cortical atrophy but are otherwise
unremarkable®?®, So the diagnostic value in
Alzheimer’s disease of morphological changes in
the brain observed by CT scan is much debated??,
Besson et al*®, reported that it is possible to
distinguish between Alzheimer’s disease, multi-
infarct dementia and nondemented elderly patients
by MRI studies, Undoubtedly, structural imagn-
i,z modalities such as CT and MRI are very
effective for the diffrential diagnosis of dementia,
establishing the presence of tumors, abscess and
vascular lesions, But at this time, both CT and
MRI imagings are yet regarded of limited value
for the clinical assessment of Alzheimer’s disease,

PET evaluations of patients with Alzheimer’s
disease have shown a substantial and generalized
decline in oxygen in the cerebral hemisphere and
in glucose utilization as the disease progresse-
§*#2  There is, however, no increase in the
oxygen extraction ratio, which would be expected
PET
studies using "*F-fluorodeoxyglucose (FDG) or *Q

to increase in the presence of ischemia,

have shown that regional cerebral metabolic rate
for glucose is reduced in temporoparietal area®,

Regional cerebral blood flow studies using
Xe®2® 1BLIMP%1%10 and *"Tc-HMPAQ?"?® have

also shown depressed cortical perfusion in tempor-

133

oparietal area bilaterally.

Present SPECT studiy using widely available
tracer **"Tc-HMPAO shows similar results with
previous studies, reduced cerebral perfusion in

both temporoparietal areas,

224 % 2% B B399 1988—

Phelps et al**. observed abnormalities in glucose
metabolism in some patients with unipolar depres-
sion particularly in the frontal lobe of the domi-
nant hemisphere, In most patients with depres-
sion, however, the perfusion pattern is normal in
consistent with the result of present study,

Some reported that hemispheric asymmetries of
cortical perfusion were found in some of patients
with Alzheimer’s disease?®**®V Relatively better
language than visuoconstructive function Was
associated with relatively higher left than right
hemispheric regional cerbral metabolic rate for
glucose, Relatively better visuoconstructive than
language function was associated with relatively
higher right than left hemispheric regional cere-
bral metabolic rate for glucose®®,

This means that the variability in the pattern of
neuropsychological deficits seen in early Alz-
heimer’s disease is due to differences between
persons in the hemispheric asymmery of disease
—related changes in brain physiological function,
The sample of patients in present study was
selected without regard to relative severity of
language and visuoconstructive function, As a
result, though some patients with Alzheimer’s
disease showed asymmetrical reduction of cerebral
perfusion on SPECT images, the mean ASI
resulted to be normal,

It is known that cerebellum is generally spared
by major pathologic involvement in Alzheimer’s
disease®®®®, Present study showed the same
results that the mean PIA of patients with
Alzheimer’s disease was within normal range, As
for that, cerebellar perfusion was chosen as a
reference for cerebral perfusion change,

As is suspected, the mean RCR’s of each
regions for patients with depression were all
normal, The mean RCR’s for patients with
Alzheimer’s disease showed reduced regional cere-
bral perfusion in both temporopariétal areas in
agreement with previons PET and SPECT
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studies,

Some reported the presence of frontal changes
in Alzheimer’s disease?*?®2%3%  Such reports,
however, tend to be based on histopathological
examination of end stage disease and it has been
suggested that the anterior hemisphere changes
observed in Alzheimer’s disease may reflect a
relatively late development in the course of
disease, As patients in the present study cover a
broad spectrum of disease severity, their demon-
strations range from mild to advanced. So only 1
patient showed reduced perfusion in the frontal
lobe and the mean RCR for the frontal lobe was
normal,

The semiquantitative method used in the present
ASI is

rather a compound asymmetry index and it may

study has been reported previously®®,

be somewhat more sensitive than the simple right
to left ratio, The procedure of the present study,
brain SPECT using *°"Tc-HMPAOQ, is relatively
unstressful and is relatively inexpensive and
widely available.

As for conclusion, the brain SPECT using **™
Tc-HMPAO seemed to be a valuable method for
the clinical assessment and management of

patients with Alzheimer’s disease,

CONCLUSION

#mTe. HMPAO brain SPECT studies were
performed in 11 patients with Alzheimer’s disease,
7 patients with psychological depression and 12
normal controls, Changes of regional cerebral
blood flow was semiquantitatively analyzed and
the results were as follows,

1) In 11 patients with Alzheimer’s disease,
significant reduction of regional cerebral blood
flow was found in both temporoparietal areas.

2) Relative perfusion between cerebral hemi-
spheres was rather symmetrical in patient with

Alzheimer’s disease,

3) All patients with depression showed normal
SPECT findings,

As for conclusion, *"Tc-HMPAOQO brain SPECT
seemed to be a valuable method for clinical
assessment and management of patients with

Alzheimer’s disease,
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