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In most semiquantitative SPECT studies, overlap between
groups of patients with Alzheimer's disease (AD) and agematched elderly controls is such that single posterior cortical
perfusion measurements lack sensitivity. In the present study,
the value of a combination of semiquantitative temporoparietal
SPECT parameters was examined. Methods: Supratentorial
transaxial perfusion measurements were obtained in frontal, an
terior temporal, posterior temporoparietal and occipital cortical
areas in both hemispheres, in a baseline population of 10
healthy elderly controls and 30 mild to moderately impaired AD
patients, as well as in a prospective group of 15 patients with
mild cognitive impairment, 12 patients with a diagnosis of prob
able AD and individual cases of multi-infarct dementia, demen
tia-frontal type and paranoid psychosis. A linear discriminant
function (LDF) was calculated from the baseline subjects' data to
classify control and AD subjects individually. Results: Highly
significant hypoperfusion was noted in both the anterior temporal
and posterior temporoparietal regions of interest in the AD group
compared with controls, but with significant overlap. Using an
LDF incorporating these perfusion measurements in both hemi
spheres, 10/10 (100%) controls and 26/30 (87%) AD baseline
subjects were correctly classified. Using the baseline LDF in the
prospective 15 mildly impaired cases, 11/12 new mild AD cases
and none of the 3 non-AD cases were classified in the AD group.
Conclusion: These resultssupportthe use of a combinationof
semiquantitative SPECT perfusion estimates from cortical areas
with predictable pathological involvement in AD in a linear dis
criminant format in the clinical assessment of patients with sus
pected AD.
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kJince the mid 1980s, several qualitative (1-5) and semiquantitative (6-10) SPECT perfusion studies in Alzheimer
disease (AD) patient groups have confirmed that bilateral
perfusion deficit in the posterior temporoparietal cortical
areas is the "classical" SPECT appearance in AD. HowReceivedOct.28,1993;revisionacceptedMar.31,1994.
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ever, difficulties arise with regard to the sensitivity of qual
itative and single semiquantitative assessments in groups
of AD patients. Holman et al. (Il ) have recently noted that
the classical posterior temporoparietal perfusion deficit
pattern occurs in a minority of AD patients (â€”27%).
In the semiquantitative studies, the degree of overlap
between AD and control groups is such that single tempo
ral or parietal SPECT perfusion parameters are not suffi
ciently sensitive to be of practical clinical value. Another
problem with most of the SPECT studies in AD to date is
that most patients had moderate to severe dementia. Thus,
an unanswered question regarding the value of SPECT in
dementia diagnosis is whether it is sufficiently sensitive in
mildly impaired AD patients on a prospective basis. The
principal aim of the present study therefore was to evaluate
semiquantitative SPECT measurements in less severely
impaired patients prospectively, using a discriminant func
tion analysis of SPECT data from the temporoparietal cor
tex, typically affected in mild AD (12).
METHODS

Subjects
Ten healthy control subjects (1 male, 9 females) were recruited
from two local active retirement groups. Their mean age was 73.1
yr (s.d. 5.1 yr), and each control subject was free from serious
medical illness or long-term medication, specifically psychotropics. None of these subjects had concurrent amnesic or other
cognitive symptoms, or first-degree relatives affected by demen
tia. Their cognitive function was checked using the Mini-Mental
State Examination (MMSE) (13), each subject attaining scores of
>28/30. SPECT data from these subjects were compared with
data from 30 patients diagnosed as probable AD (pAD) according
to NINCDS-ADRDA clinical diagnostic criteria (14), which are
known to be 80%-90% accurate (15,16). In each case the diagno
sis of pAD was reserved until 6 mo had elapsed from the time of
initial assessment. NINCDS-ADRDA criteria include a CT brain
image which was normal or showing atrophy only and no other
pathology in each case.
A cerebrovascular etiology was judged to be unlikely in these
patients based on Hachinski Ischemie Scale scores of <4/18 (77).
Dementia severity was graded according to the Clinical Dementia
Rating (CDR) system of Hughes et al. (18), with 20 pAD patients
classed as CDR 1.0 (mild, established dementia), and 10 pAD
patients as CDR 2.0 (moderate dementia). Patients were recruited
on a consecutive basis from approximately 250 cognitively im-
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TABLE 1

Detailsof Baseline Control and Alzheimer Disease Patients
Posterior

Controls
Number
(M/F)Mean
(s.d.)Mean
age
MMSE(s.d.)*10

(1/9)73.1
(5.1)29.4
(0.7)30

Alzheimer's
ROI definition plane.

(8/24)74.0
(4.3)17.9(4.9)

Reference plane.

*MMSEoutof a totalof 30.

paired patients referred to the Alzheimer Assessment Unit at St.
James's Hospital over a 2-yr period, in whom a specific clinical
diagnosis of dementia type was made after at least 6 mo follow-up
in each case. Details of these 40 subjects are depicted in Table 1.
In the second part of the study, SPECT data were obtained in
15 additional patients with very mild (CDR 0.5) or mild (CDR 1)
cognitive impairment, of similar age to the 40 subjects in the first
part of the study. These patients were recruited prospectively on
a consecutive basis from the Alzheimer Assessment Unit, each
patient having SPECT imaging as part of their initial diagnostic
assessment battery. Clinical details of these patients are contained
in Table 2. Among these 15 patients were 12 patients with a
diagnosis of pAD and individual cases of cerebrovascular demen
tia, dementia of the frontal-type and paranoid schizophrenia. Ce
rebrovascular dementia was diagnosed on the basis of an Hachinski ischemie score of 9/18, typical clinical history and a CT scan
showing infarction. Although accepted published clinical criteria
for the diagnosis of dementia of the frontal-type (DFT) are not yet
available, nevertheless this diagnosis was made on the basis of a
clinical history typical of this condition (19,20), CT images show
ing atrophy only and absence of amnesia as a primary presenting
feature. Clinical diagnosis remained unchanged at 6-mo follow-up
in each case.

Occipital ROI.
Posterior

ROI definition plane.

RGURE 1. Semischematic
lateralviewof SPECTbrainimage,
withoccipitocerebellar-inferior
frontalreferenceplaneandROIplane
(uppersection),and ROIsin bothhemispheres(lowersection).

lus through an antecubital vein in a quiet room of constant illu
mination. Scanning took place 30 min postinjection. SPECT
images were obtained using an IGE 400 ACT camera, with acqui
sition parameters as follows: low-energy, general-purpose collimator, zoom factor 1.6, 64 x 64 matrix, 360Â°rotation, circular
step-and-shoot rotation, 64 views with 30 sec per view. Two-pixel
thick transaxial slices in a plane parallel to the supratentorial line
were reconstructed, using a Manning pre-filter with a critical fre
quency of 0.7 cm"1. The reconstruction was carried out using the

SPECT Imaging
Each subject was injected with 740 MBq of "Tc-labeled
hexamethyl propyleneamine oximc (HMPAO), administered as a bo-

backprojection method with a ramp filter. No attenuation correc
tion was applied to the data. The reconstructed slices had a width
of 2 pixels. When analyzing the data, the images were first mag
nified by a factor of 2 in both dimensions, i.e., 128 x 128 display
matrix. Square box regions of interest (ROIs) were used to inter
TABLE 2
rogate the data, with a size of 8 x 8 pixels in the magnified images.
Detailsof ProspectivePatientGroup
Having selected an appropriate color map, ROI boxes were
placed on the cortical ribbon of each transaxial slice in frontal,
Patient
(sex)JC(M)SM(F)ML(F)MK(F)JF(M)JB(F)MA(F)GW(F)MR(F)JM(M)CB(F)RF(F)PF(M)AK(F)FMcC
(30)232223272329262419231521202529CDR*1.00.50.50.50.50.50.50.51.00.51.01.01.01.00.5Clinical
diagnosisADADMulti-infarct anterior temporal, posterior temporoparietal and occipital sites in
both hemispheres in a single supratentorial transaxial plane. This
transaxial plane was parallel and 2 pixels superior to the plane
defined by a line joining the occipitocerebellar indentation poste
dementiaADADDementia-frontal
riorly and the inferior surface of the frontal lobe anteriorly as
viewed on a lateral SPECT image view (Fig. 1). This plane was
selected for simplicity in that frontal, anterior temporal, posterior
typeADADADADADADADADParanoid
temporoparietal and occipital cortical regions are well-defined,
representing known areas of cortical involvement in AD (12). ROI
placement and average radiotracer count analysis was also sim
plified using this method, taking less than 10 min in most in
stances.
Frontal, anterior temporal, posterior temporoparietal and oc
cipital ROIs were defined in both hemispheres in this transaxial
plane. The frontal ROI markers were placed on the cortical ribbon
(M)Age(yr)786768767775788169707677737351MMSE
psychosis
in the most anterior aspect of the frontal lobes. The anterior
temporal ROIs were placed on the most anterior part of the
*CDR = Clinical Dementia Rating.
temporal cortex, as far as could be defined from a series of
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transaxial slices. The posterior temporoparietal ROIs were placed
just lateral to the posterior temporal horns of the lateral ventricles
and the occipital ROIs were placed on the most posterior areas of
cortex in both hemispheres (Fig. 1). Regions of interest in both
hemispheres were symmetrical. Cerebellar ROIs were selected in
the middle portion of each cerebellar hemisphere and the average
radiotracer count of these two ROIs taken as the reference de
nominator. The mean radiotracer count per pixel in each of these
cortical ROIs was then divided by the mean radiotracer count of
both midcerebellar ROIs and expressed as a cortical-to-cerebellar
perfusion ratio. The cerebellum was selected as the reference area
because of its relative pathological sparing in AD (72) and its
relative constancy of perfusion.
Statistical Analysis
Data from the "baseline"

40 control and pAD subjects were

initially compared using a one-way ANOVA (group x ROI per
fusion ratio), to yield control versus pAD comparisons for each of
the eight perfusion ratios. Discriminant function analysis was then
used to determine which combination of perfusion ratios yielded
the optimal correct group classification of subjects. Briefly, dis
criminant analysis involves the calculation of a linear function
comprised of variables which best discriminate between two
groups and weighting coefficients, indicating the relative effect of
each variable on overall discrimination. This linear discriminant
function (LDF) was calculated by a "Minitab*" computer statis
tical program (State College, PA). The program specified a cut-off
point between the two groups and classified individual subjects to
either group based on their LDF sum. The LDF was then vali
dated using the so-called "jack-knife" cross-validation procedure
(21 ) in which the first baseline subject was excluded from the
dataset, a new LDF was developed using the remaining subjects'
data and the excluded subject was then classified to one or other
group. Next, the program returned to the first subject in the
dataset, omitted the second subject's data and repeated the same
process. The jack-knife cross-validation continued in this manner
until all subjects in the baseline dataset were classified. The power
of the LDF to correctly classify further pAD subjects was tested
by applying it to the data from the prospective group of 15 mildly
impaired subjects. Although not healthy control subjects, the
three non-AD cognitrvely impaired cases were also classified ac
cording to their LDF sums.
RESULTS

The results of the ANOVA comparison of the 10 base
line controls and 30 pAD patients are illustrated in Table 3.
These show highly significant reductions in the anterior
temporal (Ant Temp) and posterior temporoparietal (Post
Temp) regional perfusion values in both hemispheres in the
pAD group versus controls. No significant frontal or oc
cipital perfusion estimate change between the groups was
noted. The greatest degree of difference between the
groups occurred with the posterior temporoparietal mea
surement, but even with this parameter there is a signifi
cant degree of group overlap.
The right (R12 and R13) and left (L12 and L13) anterior
temporal and posterior temporoparietal cortical-to-cerebel
lar perfusion ratios and the LDF sums are illustrated in
Table 4. The cut-off between control and pAD groups was
2.90. With this cut-off, 10/10 (100%) controls and 26/30
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TABLE 3

BaselineGroup Comparisonof IndividualSPECT-Derived
Cortical-to-CerebellarPerfusion Ratios (Group x ROI ANOVA)
meancortical-to-cerebellarperfusion
ratioControls
Alzheimer's(n
ROIR.
SPECT

30)0.70
= 10)

frontalR.
temp.R.
ant.
T-PR.
post.

(0.08)0.78
(0.07)
(0.06)0.83
(0.04)
(0.07)0.93
(0.05)
(0.09)0.73
(0.05)
(0.08)0.79
(0.08)
(0.05)0.90
(0.06)
(0.06)0.94
(0.05)
(0.08)anterior
(0.06)

occipitalL
frontalL
temp.L.
ant.
T-PL
post.
occipitalAnt.

=temporoparietal.Group
temp.

temporal;

(n =
0.69
0.71
0.75
0.90
0.70
0.72
0.79
0.90

= posterior
and post.One-wayANOVAp-value0.72<0.001<0.00

(87%) pAD baseline subjects were correctly classified. The
misclassified pAD patients included three CDR 1 (mild
dementia) patients and one CDR 2 (moderate dementia)
patient. The jack-knife cross-validation procedure cor
rectly classified 10/10 controls (100%) and 24/30 (80%) pAD
cases. Classification of the 15 prospective cognitivery im
paired patients (detailed in Table 2) using the same cut-off
of 2.90 was correct in 11/12 mild pAD cases. None of the
three non-AD cases was classified to the pAD group (Table
5).
DISCUSSION

The principal findings of this study are: (1) although
temporoparietal hypoperfusion is a constant feature of the
mild and moderate stages of AD, use of single SPECTderived temporoparietal perfusion measurements is not
sufficiently sensitive to be of diagnostic value; and (2) si
multaneous consideration of anterior temporal and poste
rior temporoparietal cortical perfusion measurements in a
linear discriminant function format is a sensitive and spe
cific means of discriminating individual pAD patients from
controls. Temporoparietal
hypoperfusion
is consistent
with the known distribution of cortical plaque/tangle dam
age from surveys of histopathological change in AD (12),
and it is generally accepted that the earliest affected neocortical areas in AD are the hippocampus/medial temporal
and inferior temporoparietal regions (22).
Some authors have suggested that the disease begins in
the entorhinal cortex and spreads according to reciprocal
innervation pathways to involve the hippocampus and sub
sequently the inferior and lateral temporoparietal cortical
mantle as the disease advances (12). At present, the spatial
resolution of SPECT systems does not allow accurate qual
itative or semiquantitative perfusion assessments of the
hippocampus in isolation. Thus, the earliest involved cor
tical area which is expected to show abnormalities on
SPECT imaging is the infero-lateral temporoparietal area.
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TABLE 4
Details of Baseline Control and Alzheimer Patients' Right and Left Hemisphere Anterior Temporal and Posterior Temporoparietal
Cortical-to-Cerebellar Perfusion Ratios with Linear Discriminant Function Scores*

x
x
x
+-0.151-0.172-0.164-0.159-0.155-0.166-0.147-0.176-0.165-0.19-0.159-0
-0.208
sum2.9443.0492.9663.0443.1443.1513.0013.2692.9943.3832.7312.6612.7672.6482.8812.3522.8912.6452.5102.6432.5343.1262.8622.9992.6902.7132.7232.6252.8612.63
LDF
GroupCONTCONTCONTCONTCONTCONTCONTCONTCONTCONTADADADADADADADADADADADADADADADADADADADADADADADADADADADADADPatientSWMO
+
+0.1110.1130.1120.1080.1270.1200.1110.1130.1130.1270.1050.1040.0990.0970.1170.0990.
0.138
1.2830.9670.9481.0021.0611.0080.9031.0151.020.9891.0940.9980.9880.8240.8070.9830.8710.8700.8900.9620.83
2.3732.0172.1592.0172.0342.1642.2952.0222.31

<2.90 classify subjects to the Alzheimer group; scores >2.90 classify subjects to the control group.
CONT = control; 12 = anterior temporal; and 13 = posterior temporo-parietal.

The hypoperfusion noted in this area in both hemispheres
(left more than right) in pAD patients is unlikely to result
simply from exaggerated cortical atrophy. A striking de
gree of local atrophy was not evident in the transaxial CT
images in the present study. Also, existing data from PET
studies in patients with early AD indicate that neuronal
functional disturbances (with associated hypoperfusion)
predates atrophy (23).
Most published studies attempting to validate SPECT in
correctly identifying AD cases have included patients with
at least moderately severe dementia. At this stage of de
mentia, the diagnosis is usually clearcut so that functional
neuroimaging with SPECT has little further to offer in
terms of clinical clarification or management. If SPECT is

to be of practical clinical value, it must be able to discrim
inate very mild (CDR 0.5) and mild (CDR 1.0) forms of AD
from normal aging, once macrostructural lesions have been
excluded by means of CT or MRI. The high degree of
correct classification of the prospective mildly impaired
pAD patients (11/12) with linear discriminant function anal
ysis in this study indicates that SPECT imaging may be
useful in the assessment of early cognitive impairment. It is
also pertinent that all of the CDR 0.5 (very mild dementia)
AD cases in the prospective patient group were correctly
classified. Each of these six patients has been followed up
for periods of between 6-15 mo from the time of initial
assessment. Deterioration to CDR 1.0 status has been
noted in four of the six patients.
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TABLE 5
Details of 15 Prospective Mildly Impaired Patients' Right and Left Hemisphere Anterior Temporal and Posterior Temporoparietal
Cortical-to-Cerebellar Perfusion Ratios and Linear Discriminant Function Scores*

DiagnosisADADMIDADADDFTADADADADADADADADP.

x
-0.208-0.146-0.182-0.148-0.144-0.149-0.161-0.133-0.159-0.172-0.153
LDF
sum2.5912.5282.9402.5542.
+
0.138
+0.0990.1130.1040.1020.1020.1180.1080.1180.1100.0960.0920.1140.1100.1180.121L12x
+
2.3731.7891.6802.0751.7111.5072.1831.8271.7
1.2830.8490.9170.9090.8850.8290.9200.8620.9881.0330.8300.9050.9070.8700.8890.981R13x

PsychIDJCSMMLMKJFJBMAGWMRJMCBRFPFAKFMcCR120.6620.7150.7080.6900.6460.7170.6720.7700.8050.6470.7050.7070.6780.6930.765R130.7150.8180.7540.7
â€¢LDF
sums <2.90 classify subjects to the AD group.
12 = anterior temporal; 13 = posterior tÃ©mpora-parietal;MID = multi-infarct dementia; DFT = dementia-frontal-type; and P. Psych. = paranoid
psychosis.

In the original description of the CDR scale, Hughes et
al. (18) referred to the CDR 0.5 descriptor as "questionable
dementia." However, follow-up evaluation of a cohort of
16 CDR 0.5 patients by Rubin et al. (24) confirmed definite
progression in 11 of these 16 patients. These authors sug
gest that CDR 0.5 status represents incipient AD in most
cases, and that patients of this category should be referred
to as having "very mild dementia of the Alzheimer type,"
instead of "questionable dementia." The question of de
tection of preclinical AD (in first-degree relatives of AD
patients, for example) using similar multivariate statistical
analysis of SPECT data has yet to be addressed.
Our results indicate that assessment of semiquantitative
SPECT perfusion parameters in a discriminant function
format may be a useful means of differentiating early AD
patients from normal elderly. Our study has a number of
limitations, namely (1) the relatively small number of base
line control and prospective subjects; (2) the fact that de
mentia differential diagnosis awaits autopsy confirmation;
and (3) linear discriminant functions for differentiating de
mentia subtypes are not yet available due to limited num
bers of non-Alzheimer dementia patients. However, we
believe that multivariate statistical methods such as dis
criminant analysis may provide a more appropriate tech
nique of semiquantitative SPECT data analysis in differen
tiating normal elderly from mild Alzheimer's disease and
possibly one type of dementing disorder from another.
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EDITORIAL

Discriminant Function Analysis: Toward a More Rigorous
Approach to SPECT Interpretation
Rrfusion
brain imaging using
jPECT continues to be devel
oped as a viable means by which to
detect and assess various forms of de
mentia, especially Alzheimer's dis
ease (AD) (1-3), Using SPECT brain
functional imaging, investigators have
studied Alzheimer's
disease more
than any other dementia; this corre
lates with the high prevalence of the
disease in the population (4,5). De
mentia is associated with numerous
conditions, with AD and vascular dis
ease being the most prevalent. In a
recent clinical study involving 494 unselected 85-yr-olds, one-third were
found to have dementia: 42% due to
AD and 47% due to vascular ischemia
(6). Another study found a 10.5% in
cidence of moderate to severe demen
tia in 80 to 84-yr-olds and 20.8% in 85
to 89-yr-olds (7). Annual healthcare
expenses related to AD are estimated
to exceed $50 billion (8). Because a
number of the diseases related to de
mentia, including vascular disease,
are treatable, it is important to differ
entiate as early as possible between
AD and other dementia-related dis
eases. Since an effective treatment for
AD remains to be found, diagnostic
imaging is largely an exclusionary pro
cess (9) involving the use of computed
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tomography (CT) or magnetic reso
nance imaging (MRI).
One important advantage that brain
functional imaging with SPECT has
over MRI and CT for the early diag
nosis of AD is its capacity to detect
deterioration in brain function. Stan
dard MRI and CT can only detect the
anatomical and structural changes re
lated to AD, which are the late-stage
manifestations of a gradual deteriora
tion process (10-12). Functional MRI
is not yet as accurate as SPECT in the
diagnosis of AD.
Earlier studies using PET scanning
with [18F]FDG in AD patients demon
strated cortical metabolic deficits,
particularly in the posterior temperoparietal regions of both cerebral
hemispheres (13). Using both 123IIMP and "Tc-HMPAO
SPECT,
investigators have found perfusiÃ³n
defects which match the metabolic
abnormalities seen with PET (14-16).
While other perfusion patterns are
found in AD patients, the most
commonly
identified
pattern
is
bilateral
posterior
temperoparietal
perfusion defects, often in an asym
metrical pattern. Investigators have
reported a likelihood of AD in 84%
of patients in whom this specific
localization of degeneration is seen
(17-19). This SPECT pattern is
found in approximately 65% of all AD
patients. If Parkinson's disease has
been excluded clinically, the likeli
hood of AD increases to over 90%
when this pattern is present (17).
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Perfusion defects in AD patients
have also been seen in the frontal,
medial temporal and anterolateral
cortex, but unless bilateral posterior
temperoparietal defects are present,
the patterns are not specific for
AD (18).
In this issue, O'Mahony et al. ap
plied discriminant analysis to semiquantitative SPECT dataseis in pa
tients with mild AD. This important
study includes a cohort of patients
with very mild dementia (CDR 0.5),
demonstrating
that, with discrimi
nant analysis, it is possible to identify
perfusiÃ³n abnormalities in potentially
very mild disease. As important as
it is to extend the work to patients
classified as CDR 0.5, it is important
to remember that only a fraction of
patients so classified turn out to
have AD. It is only by looking at
a large cohort of such patients and
following them for a long time that
it is possible to determine the accu
racy of the method. Nevertheless
it is very important to determine that
SPECT brain perfusion imaging is
sensitive enough to detect perfusion
abnormalities in this group of pa
tients. Extension of this work to a
larger group of patients might result in
the identification of brain perfusion
SPECT as a primary screening tool in
early AD.
The use of discriminant analysis in
this study avoids the subjectivity of
visual interpretation and incorporates
the entire scintigraphic pattern in de-
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