
completely cleared from the blood in a single passage
through the cerebral circulation. Thus, its regional dis
tribution can be considered proportional to regional
blood flow (9). Due to the easy availability of @mTc,
the [@Tc]HM-PAO/SPECT technique can be pro
posed as a routine method for the assessment of regional
perfusion. Aim of the present investigation has been to
evaluate the usefulness of this method for the clinical
assessment and management of AD.

METHODS

Subjects
Sixteen outpatients (ten women and six men, mean age

7 1.0 Â±7.7 yr, range 56 to 82 yr) with clinically diagnosed
mild to moderate AD, (averageduration of illness20.9 mo,
range 10 to 36 mo) and 16 normal elderly controls (four
women, 12men, mean age 63.5 Â±5.8 yr. range 54 to 75 yr)
were studied. All normal controls lived independently and
were free from known cerebrovascular disease. All patients
were suffering from progressive dementia of recent onset and
met clinical criteria for probable Alzheimer's disease(1O). The
severity of dementia was rated using the Crichton Dementia
Scale (11): patients with a score exceeding 24 (severe demen
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Regional cerebral perfusion was evaluated by single photon emission computed tomography
(SPECT)using technetium-99mhexamethylpropyleneamineoxime ([@rcJHM-PAO)insixteen
patients with Alzheimer's disease (AD) In early dinical phase and in 16 heafthy elderly
controls.In all patientstransmissioncomputedtomography(TCT)and/ormagneticresonance
imaging(MRI)did not showfocalbrainabnormalities.Relativeto normalsubjects,AD patients
showedsignificantreductionsincortlcal/cerebellaractivityratio:corticalperfusionwas
globallydepressed with the largest reductions Infrontal and posterior temporo-parietal
cortices. Asymmetries of relative perfusion between cerebral hemispheres were also
demonstratedwhen languagewas affectedor visuospatialfunctionswere unevenlyimpaired.
In patientswith earlyAD, SPECT providesfUnCtiOnalinformationto be comparedwith clinical
and psychometricdata.
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atterns of alterations in cerebral blood flow and
metabolism have been demonstrated by several posi
tron emission tomography (PET) studies in patients
with clinically diagnosed Alzheimer's disease (AD). Me
tabolism and perfusion were both reduced particularly
in the posterior parietal and in the frontal regions and
a significant increase in right/left metabolic asymmetry
was associated with predominantly lateralized neuro
psychological deficits (1-4).

Single photon emission computed tomography
(SPECT) perfusion studies of regional cerebral blood
flow (rCBF) both by the xenon-l33 (â€˜33Xe)inhalation
method and the N-isopropyl-p- 123!iodoamphetamine
(IMP) i.v. injection method in patients with severe and
advanced AD have provided similar information

(5â€”7).
Recently, technetium-99m hexamethylpropylena

mine oxime ([@Tc]HM-PAO) has been used as a
potential rCBF agent by the SPECT technique (8). This
tracer crosses the blood-brain barrier and it is almost
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Technologies,NuclearMedicine,IstitutoSanRaffaele,University
of Milan,ViaOlgettina60,20132Milan,Italy.



tia) were excluded from the study. Patients with a score of
more than four on the modified Hachinski Ischemia Score
(12)wereexcluded.Noneof thesepatientshadotherneuro
logicaldisease. Other causes of dementia were excluded as
follows.No patient was taking medicationsor had a history
of drug or alcohol abuse. All had normal laboratory blood
testsincludingelectrolytes,bloodurea,VDRL, Vitamin B12,
folate, thyroid, and liver functions. In all patients third gen
eration transmission computerized tomography (TCT) and!
or 1.5 Tesla magnetic resonance imaging (MRI) performed
within 1wk fromthe SPECTexamination,did not showfocal
brain abnormalities, the only pathologic finding being in some
patients mild to moderate cerebral atrophy. Patients with
severe cerebral atrophy were not included in the study (13).

NeuropsychologicalAssessment
All patients underwent a detailed neuropsychological eval

uation, including measures ofnonverbal intelligence (Raven's
Progressive Matrices Coloured), auditory language compre
hension (Token Test), controlled word association (Phonemic
and CategorialFluency),short-term verbal (Digi Span) and
spatial (Corsi Span) memory, long-term verbal (Short Story,
Word List Learning), and spatial (Corsi Supraspan Learning)
memory and constructional apraxia (Copying Drawings) (for
testsdescriptionsee 14).

SPECr Study
SPECT data collection was carried out 10 mm following

i.v. injection of 20 mCi of [@â€œâ€œTcjHM-PAOusing a rotating
gamma camera and a dedicated computer. The technique has
been previously described, albeit for a different tracer (15).
Acquisitions were made recording 64 angular views (from 0
to 360Â°)using a 64 x 64 matrix. In 30 mm, 4 million total
counts were collected. SPECF data, reconstructed and cor

FIGURE1
A: SPECT imagesof the four supra
tentorial slices at 3.3, 4.5, 5.7, 6.9
cm.abovethe orbito-meatallineof a
normal control. Eight symmetrical re
gionsof interestareoutlinedonthe
cortical ribbon. The regions are as
follows: 1, frontal; 2, anterIor tem
poro-parietal;3, posterIortemporo
parietal;4,occipital.B:SPECTImage
corresponding to the orbito meatal
line (OM) with two symmetricalre
glonsof interestplacedonthecare
belier hemispheres.

rected for attenuation, yielded a complete set of axial tomo
graphic slices from the posterior fossa up to the vertex. For
each subject (patients and controls) five slices (2 pixels thick
= 1.2 cm) were considered: one slice corresponding to the

cerebellum (orbito-meatal (OM) line) and four supratentorial
cerebralslicesat 3.3, 4.5, 5.7, and 6.9 cm above the OM line
respectively. On each cerebral slice, eight regions of interest
(ROIs)(4 X 4 pixels large = 2.5 x 2.5 cm) were symmetrically
located, four on the right and four on the left cortical ribbon
(Fig@IA). On the cerebellar slice, two symmetrical ROIs (4 x
4 pixels large) were selected, centered on each cerebellar
hemisphere (Fig. lB). Counts ofthe two symmetrical cerebel
lar ROIs were averaged yielding a single value representing
cerebellar activity.

Data Analysis
A semi-quantitative assessment of TCBFwas obtained as a

ratio ofactivitydistributionin the corticalROIsto the activity
in the cerebellar ROI, thus obtaining 16 index values of
relative perfusion for each cerebral hemisphere. Cerebellar
activity was chosen as a reference because the cerebellum is
generally spared by major pathological involvement in AD
(16). Data were then submitted to a repeated analysis of
variance following a split-plot factorial design (1 7). The main
factorsof this analysisweregroup (patients/controls),region
of interest (1, 2, 3, 4), slice (four supratentorial slices)and
hemisphere(right/left).

In addition, in orderto assessperfusiondifferencesbetween
cerebral hemispheres, relative perfusion indexes were calcu
lated as left to right counts ratio for each pair of symmetrical
ROIs. These ratios yielded 16 indexes for each subject. In
patients with AD, hemispheric perfusion asymmetry was eval
uated comparing foreach hemisphere the number (N) of index

011+ 3.3

2
3

A@

OM

ot1+6.9
B
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Patients UI ControlsUI

Site I 2 3 4 1 2 3 4

TABLE 1
Mean Values of Cortical/Cerebellar Ratios

t OM + 3.3 0.675 Â±0.20 0.721 Â±0.11 0.718 Â±0.15 0.931 Â±0.14 0.949 Â±0.08 0.962 Â±0.07 0.962 Â±0.08 1.038 Â±0.09

OM + 4.5 0.686 Â±0.17 0.761 Â±0.09 0.659 Â±0.10 0.868 Â±0.14 0.963 Â±0.09 0.996 Â±0.08 0.874 Â±0.12 1.026 Â±0.07
OM+5.7 0.668Â±0.15 0.713Â±0.10 0.630Â±0.07 0.830Â±0.14 0.923Â±0.10 0.992Â±0.07 0.884Â±0.12 1.008Â±0.09
OM+6.9 0.665Â±0.17 0.739Â±0.09 0.677Â±0.09 0.790Â±0.16 0.931 Â±0.10 0.916Â±0.11 0.898Â±0.10 1.013Â±0.08

PatIentsRH@ ControlsRH

Site 1 2 3 4 1 2 3 4

OM+3.3 0.711 Â±0.18 0.743Â±0.10 0.696Â±0.14 0.881 Â±0.12 0.952Â±0.10 0.973Â±0.09 0.963Â±0.09 1.025Â±0.10
OM+4.5 0.703Â±0.13 0.783Â±0.09 0.655Â±0.12 0.851 Â±0.14 0.971 Â±0.09 0.990Â±0.07 0.914Â±0.11 1.036Â±0.08
OM+5.7 0.701 Â±0.11 0.754Â±0.08 0.636Â±0.12 0.833Â±0.14 0.917Â±0.10 0.978Â±0.09 0.865Â±0.08 1.015Â±0.08
OM+6.9 0.698Â±0.12 0.745Â±0.09 0.700Â±0.12 0.811 Â±0.14 0.924Â±0.11 0.917Â±0.11 0.881 Â±0.07 1.021Â±0.09

. The difference between patients and controls were significant for group(p < 0.001) site (p < 0.001)and slice (p < 0.001) by ANOVA.

t OM = orbfto-meatal line.

$ RH = right hemisphere.
I UI@ isft hemisphere.

values out of the normal range as assessedin the control
group.

RESULTS

Table 1 shows the mean values Â±s.d. ofthe cortical/
cerebellar ratios in both patients and controls. Cortical

perfusion was significantly reduced in patients with AD
compared with the 16 elderly normal subjects. The
reversal ofnumbers ofmales and females in the patients
and the control groups did not influence the results as
significant sex-related differences have never been re
ported for cerebral blood flow in normal subjects (18).
Analysis of variance revealed significant effects of: (a)
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Mean cortical/cerebellarratiosfor all the patientsandthe controlsinfourdifferentcerebralregions.N = normals;AD =
Alzheimerpatients.Dots representindividualvalues.Bars indicatemean Â±2 s.d.



group (F = 998.5 1; df = 1; p < 0.00 1); (b) region of
interest (F = 85.58; df = 3; p < 0.00 1); and (c) slice (F
= 6.57; df = 3; p < 0.001). Significant differences

between regions were also found within each group
(group x region interaction (F = 6.06; df = 3; p <
0.001): the most marked reductions ofrCBF were found
in the frontal (site 1: p < 0.005) and posterior temporo
parietal (site 3: p < 0.005) cortical regions bilaterally,
whereas smaller reductions were found in the fronto
parietal (site 2: p < 0.01) and occipital (site 4: p < 0.05)
areas (Fig. 2).

In the control group the cerebral interhemispheric
ratio ofradioactivity distribution was 1.00 Â±0.05 (s.d.),
setting the normal range (mean Â±2 s.d.) between 0.90
and 1.1. Cerebellar hemispheres in all AD patients
showed symmetrical patterns of radioactivity distribu
tion comparable to those found in the normal group.
Asymmetries of relative perfusion between the cerebral
hemispheres exceeding the normal range were detected
in 14 out of 16 patients. This difference involved more
than three ROIs in eight patients: four patients showed
a predominantly left hemispheric involvement, while
in four the decrease in radioactivity was in the right
hemisphere. For the two groups, perfusion asymmetry
ratios did not correlate with performance at language
tests for the left hemisphere, and visuospatial tests for
the right hemisphere. However, in selected patients,
functional deficits and SPECT patterns showed a re
markable correspondence. Two examples follow, the
first showing how a diffuse cognitive deficit correlates
with a diffuse perfusion impairment, the second with
more regional defect in cognitive functions and perfu
sion.

Case 12
A 75-yr-old man (Fig. 3) (with 4 yr of schooling) 28

mo before our study started to complain ofa progressive
memory loss. He had no history of other neurological
disorders. In the period following, he was seriously
impaired in the activities ofthe daily life; he was unable
to find the way for an accustomeddestination and to
use money and objects properlyâ€”his general perform
ances rapidly deteriorated. General and neurological
examinations were normal. On neuropsychological
evaluation he had defective scores on all tasks. The
Raven PM score, which can be assumed to indicate the
severity of global deterioration, was low, but also the
auditory language comprehension (Token Test score =
15) and the ability to copy drawings (score = 0) were
severely impaired. The TCT scan was normal. The
SPECT study demonstrated a bilateral reduction of
cerebral perfusion in posterior temporo-parietal areas.

Case 9
A 56-yr-old woman (Fig. 4) (with 17 yr of schooling)

began to show a progressive change of personality 1 yr

before our observation; she complained of depressed

mood and had frequent episodes of psychomotor agi
tation. In the following months, she became unable to
dress herselfindependently and had difficulties in using
common household objects properly. No language de
fects were apparent.

Previous medical history was unremarkable. General
and neurological examinations were normal. On neu
ropsychological evaluation performed at the time of
SPECT study, the score of Raven PM was in the low
range and the Token Test, which is a sensitive index of
left hemispheric damage (19), was normal (score = 29).
For the constructional apraxia test, where impairment
is more frequent and severe after right hemispheric
lesion (20), the score was 0. The TCT showed a mild
degree of cortical atrophy. The SPECT study revealed
a reduction ofperfusion in frontal and temporo-parietal
cortical region with major involvement of the right

hemisphere.

DISCUSSION

In AD patients, positron emission tomography (PET)
has shown a generalized decline in cerebral blood flow,
oxygen and glucose utilization, paralleling disease pro
gression (2,21). Coupling ofblood flow and metabolism
was preserved, with normal regional oxygen extraction
ratio, thus ruling out a casual role of ischemia in the
development ofthe disease (2). Further PET studies in
AD showed reduction in glucose metabolism chiefly in
the frontal and temporo-parietal cortex, sometimes in
the early clinical phases of the disease (22-24). The
cortical areas most severely involved in PET studies of
AD are the same regions most severely affected in
neuropathological and neurochemical investigations
(16,25,26). These severe and selective pathologic effects
are clearly distinguishable from the slight and uniform
age-related decline of cerebral blood flow and metabo
lism reported by PET studies in normal aging (27,28).
A depression of cortical tracer activity has also been
demonstrated by rCBF SPECT study using both â€˜33Xe
and iodine-l23-labeled amines (5â€”7,29).

Our own SPECT findings, obtained in a relatively
early stage AD (30) using a widely available tracer such
as [@Tc]HM-PAO are in agreement with previous PET
and SPECT studies, confirming a marked impairment
of cerebral perfusion, particularly in frontal and tern
poroparietal areas. The correspondence of PET and
SPECT findings can be explained by the preserved
coupling of blood flow and metabolism in AD (2). In
turn, this suggests that cortical areas of reduced perfu
sion detected by SPECT in AD patients represent areas
ofimpaired neuronal function. This pattern of reduced
perfusion does not occur in age-matched controls, and
it may represent a diagnostic criterion.

In this study, we used a semiquantitative assessment
ofrCBF comparing cortical to cerebellar ROIs, because
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C
FIGURE3
Patient12. A: TCTscanshowsnormalappearanceof cerebralstructureswith mildsignsof atrophy.B: SPECT(OM+
4.5) and C: SPECT (OM + 5.7) demonstrates temporo-panetal areas of bilateralreduction of cerebral perfusion (arrows).
Thispatientdemonstrateda globalcorrelationbetweengeneraldecreasedcognitivefunctionanddiffuseperfusion
reduction.

at the presentquantitativedata cannot be retrieved
from SPECT studies. This semiquantitative method has
been previously used (3,4,7,24) and relies on the as
sumption that cerebellar rCBF is unaffected in AD.
This assumption is warranted by pathologic (31) and
SPECT (7)findings.

Our data point to an early cortical TCBF impairment
as shown by abnormal cortical/cerebellar perfusion ra
tios with normal cortex at TCT or MRI. This has also
been reported in a PET study (25). Undoubtedly, struc
tural imaging modalities such as TCT and MRI are
very effective for the differential diagnosis of dementia,
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FIGURE4
Patient9. A: TCT scanshowsonlya milddegreeof corticalatrophy.B: SPECT (OM + 5.7) and C: SPECT (OM + 6.9)
evldencesreductionof perfusionInnghtfrontalandtemporo-panetalcorticalregions,(arrows),in keepingwith the focal
cognitive defect (constructional apraxia).

establishing the presence oftumors, abscesses, and vas
cular lesions. MM can be particularly useful in detect
ing the white matter abnormalities suggestive of multi
infarct dementia (32). In patients with severe and ad
vanced AD, significant cortical atrophy and changes in
ventricular size have been demonstrated by TCT meas
urements, but efforts to use atrophy indexes to differ
entiate patients from elderly controls have yielded in
consistent results (13,33); only recent studies using

sophisticated quantitative analyses look promising (34,
35). A smooth â€œhaloâ€•ofperiventricular hyperintensity
at MRI has been proposed as a distinctive finding in
Alzheimer's disease (36). However, this is known to be
present also in other cerebral diseases (37). Thus, at

this time, both TCT and Mifi imaging are yet regarded
of limited value for the clinical assessment of primary
degenerative dementia of the Alzheimer type.

In addition to abnormal cortico-cerebellar perfusion
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ratios, hemispheric asymmetries of cortical perfusion
were also found in some of our patients. Similar find
ings have been reported by PET studies in patients with
mild and moderate AD (3,4,38). This may be related
to the existence ofclinical subtypes ofAD, characterized
by selective neurochemical and neuropsychological de
terioration (39,40) particularly early in the disease,
when uneven pathologic involvement of the two hem
ispheres has been reported (41). In our study, statisti
cally significant correlations between patterns of neu
ropsychological impairment and perfusion asymmetries
were not found. However, an agreement between cm
ical presentation and hemispheric side of major perfu
sion impairment was found in selected cases.

As already anticipated for SPECT methods in general
(42), this work indicates that the [@â€œTcJHM-PAO
SPECT technique is valuable for the clinical assessment
and management AD patients.
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