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Identifying pre-clinical Alzheimer’s disease (AD) in subjects with mild cognitive impairment (MCI) is a major issue in clinical dia
Establishing a combination of predictive markers from different fields of research might help in increasing the diagnostic accu
of this study was to evaluate the potential role of99mTc-ECD single photon emission computed tomography (SPECT) and memory
in predicting conversion to AD in MCI subjects. Thirty-one MCI subjects underwent a clinical and neuropsychological examinatio
regional cerebral blood flow (rCBF) SPECT scan at baseline. Subjects had been followed periodically through 2 years in order to m
progression of cognitive symptoms. Canonical variate analysis of principal components was able to separate all subjects who c
AD from those who remained stable, the former being characterized by a specific hypometabolic pattern, involving the parietal an
lobes, precuneus, and posterior cingulate cortex. Canonical correlation analysis of combined baseline memory deficits and rC
images identified pre-clinical AD with a sensitivity and specificity of 77.8%.

The pattern of hypoperfusion99mTc-ECD SPECT and the severity of memory deficits predict the risk of progression to probab
dementia in MCI subjects.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Mild cognitive impairment (MCI) is an operational di-
agnostic term used to describe subjects at risk to develop
Alzheimer’s disease (AD) or in the pre-clinical stage of the
disease[18,19]. Nevertheless, it has been suggested that the
proposed criteria for MCI may apply to an heterogeneous
population in which memory complaints could be due to so-
matic diseases, drug-induced states, affective disorders, or
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other neurodegenerative diseases, rather than to an on
AD-related process[21].

Identification of pre-clinical AD among MCI subjects
therefore mandatory for the timely detection of patient
whom currently available treatment options should be off
[4,15].

Neuropsychological assessment in MCI subjects sh
that an impairment in memory tests, especially delaye
call, is a possible index of an incipient dementing proc
and that severity of impairment on tests of episodic and
mantic memory consistently predicts conversion to AD,
supporting the role of cognitive testing in identifying early
pre-clinical AD [2,22]. However, neuropsychological me
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sures are only semi-objective, being confounded by such is-
sue as participant motivation, and therefore are unlikely to
achieve perfect discriminant value for individual subjects in
this prodromal stage. At this point a purely objective marker
would be useful to avoid misclassification.

Functional imaging studies demonstrated that hypoperfu-
sion in parietal cortex as well as posterior cingulate cortex
and precuneus might be an early functional marker of AD,
suggesting its role in identifying the early stages of the dis-
ease[9,10,12]. In most studies, data analysis is based on re-
gions of interest (ROIs) or voxel-based univariate methods, as
the statistical parametric mapping (SPM). A new technique
to perform principal component analysis (PCA) in18F-FDG
positron emission tomography studies has been recently val-
idated[23].

In the present follow-up study, we combined99mTc-ECD
SPECT scans and neuropsychological scores, with the fol-
lowing objectives:

(i) To identify the functional pattern which might predict
the conversion to probable AD dementia.

(ii) To define the specificity and sensitivity of PCA method
based on memory scores and SPECT measurements in
differentiating MCI who converted to AD (MCI convert-
ers) and stable MCI (MCI non-converters).
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mal general cognitive function defined as cognitive perfor-
mance within the range of 1 standard deviation of norma-
tive data in an extensive neuropsychological test battery;
(4) abnormal memory for age documented by performance
of at least 1.5 standard deviation below mean normative
data in the delayed recall condition of the used verbal or
non-verbal memory task; (5)not demented according to
DSM-IV criteria and excluded by fulfilling criteria 2 and 3
[19].

The following exclusion criteria were adopted: (a) ma-
jor depressive disorder, bipolar disorder, schizophrenia, sub-
stance use disorder, or mental retardation according to cri-
teria of the DSM-IV; (b) cerebrovascular disorders, hydro-
cephalus, and intra-cranial mass, documented by CT or MRI
within the past 12 months; (c) abnormalities in serum folate
and Vitamin B12, syphilis serology, or thyroid hormones’
levels; (d) a history of traumatic brain injury or another neu-
rologic disease (e.g. Parkinson disease, Huntington disease,
seizure disorders); (e) significant medical problems (e.g.
poorly controlled diabetes or hypertension; cancer within the
past 5 years; clinically significant hepatic, renal, cardiac or
pulmonary disorders).

2.2. Study design

This is a longitudinal, open study. At baseline, MCI sub-
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. Materials and methods

.1. Subjects

Subjects were recruited from “Centre for Ageing Br
nd Neurodegenerative Diseases”, University of Bre

taly. The study was conducted in accordance with local
cal research regulations and an informed consent wa
uired.

All subjects performed a somatic and neurological exa
ation, and laboratory studies, and received a brain struc

maging study (computed tomography or magnetic reson
maging).

Global cognitive function assessment was carried ou
ording to standardized batteries, includingclinical dementia
ating scale, mini-mental state examination, Alzheimer’s dis-
ase assessment scale. The neuropsychological assessm
as accomplished by the following tests: Raven Colored
ressive Matrices, Controlled Oral Word Association T
ategory Fluency (animal names), Clock Drawing Test,
omplex Figure Copy and Recall, Story Recall Test, and
aking Test. Instrumental activities of daily living and

ivities of daily living were assessed as well. Behavioral
sychiatric disturbances were evaluated by Neuropsych

nventory, Geriatric Depression Scale, and Hamilton Anx
ating Scale[17].
Petersen criteria for MCI were used for patients’ inc

ion: (1) subjective memory complaint as elicited by med
cal history; (2)normal activities of daily living; (3) nor-
ects underwent a clinical and neuropsychological as
ent and a99mTc-ECD SPECT scan at baseline. Each sub
as followed periodically through 2-year. At 2-year follo
p, each subject performed a SPECT scan as well. The
iagnosis at 2-year follow-up of MCI converter to AD ba
n the NINDS-ADRDA criteria[14] or MCI non-converte
as carried out clinically by a rater (BV) blinded to ne

oimaging findings.
For SPECT comparisons, a group of cogni

ealthy controls was included (n = 15, mean age± S.D.
56.3± 15.4).

.3. 99mTc-ECD SPECT

Subjects were administered an intravenous injectio
110 MBq 99mTc-ECD (ethylcysteinate dimer, Neuroli
ristol-Myers Squibb Pharma) in a rest condition, ly
upine in a quiet, dimly-lit room.

All subjects were imaged using a dual-head rotatin�
amera (VG MILLENIUM GE) fitted with a low energ
igh-resolution collimator, 30 min after intravenous injec
f 99mTc-ECD.

A 128× 128 pixel matrix was used for image acquisit
ith 120 views over a 360◦ orbit (in 3◦ step) with a pixel siz
nd slice thickness of 1 mm, in 27 min or more if total cou
ere lower than 5× 106.
Image reconstruction was performed by a ramp filte

ack projection and three-dimensionally smoothed wi
etz filter (order 3, enhancement 1.24, FWHM 6.7 mm,
ff 0.61 cycles cm−1). The reconstructed images were c
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rected for� ray attenuation using the Chang method (attenu-
ation coefficient: 0.11 cm−1).

2.4. Image pre-processing

We used SPM99 (Wellcome Department of Cognitive
Neurology, University College, London), and Matlab 6.1
(Mathworks Inc., Sherborn, MA) for image pre-processing.
Images were spatially normalized to a reference stereotac-
tic template (Montreal Neurological Institute, MNI), and
smoothed by a Gaussian kernel of 8 mm× 8 mm× 8 mm
FWHM.

2.5. Statistical analysis

2.5.1. Univariate analysis
Global differences in the distribution of the tracer’s uptake

and age effect on it were covaried out for all voxels. Compar-
isons across the different groups were made usingt-statistics
with appropriate linear contrasts[6]. We considered any clus-
ter above a statistical threshold set atp < .001, uncorrected.
For completeness and according to an a priori hypothesis of
involvement of posterior parietal and cingulate regions, the
results were explored atp < .01 as well.

We performed the following groups comparisons: (1) MCI
converters versus MCI non-converters to evaluate the specific
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has the maximum separation subject to it being orthogonal to
the first CV, and so on. By the coefficients used in the calcu-
lation of the CVs, a linear combination of the images (PCs) is
worked out to find the topographic pattern best separating the
groups. Since CVs are based on an a priori definition of the
groups, it cannot give information on a single subject diag-
nosis at follow-up. Consequently the CV result alone cannot
be used for diagnostic purposes.

In order to provide a method helping to decide if a sin-
gle subject belongs to one group or the other, we applied a
canonical correlation analysis (CCA) on neuropsychological
scores and PC-scores. This method does not imply an a pri-
ori division of the subjects into groups, and it calculates the
linear combination among two sets of variables (in our case,
neuropsychological scores and PC-scores) that gives the best
correlation between the two sets. Thus, the evaluation of ac-
curacy of each measure is not allowed by this analysis, two
sets of variables being necessary.

In order to use for CCA only the most representative tests,
we evaluated an independent sample of MCI, who performed
the neuropsychological assessment at baseline, but no SPECT
scans, and were followed for 2 years. In this sample, the test
scores which better differentiated MCI converters (n = 21)
and MCI non-converters (n = 20) were short story (6.4± 2.8
versus 9.0± 4.3, Spearman correlation analysis,p = .01), Rey
figure recall (10.0± 5.8 versus 14.9± 7.2,p = .02), and Rey
l
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erfusion pattern of MCI who converted to AD, (2) M
onverters versus controls, and MCI non-converters ve
ontrols to obtain further information on differences in c
ral perfusion in the two clinical subgroups, (3) MCI c
erters at baseline versus MCI converters at follow-up,
CI non-converters at baseline versus MCI non-conve
t follow-up, in order to evaluate perfusion regional chan
ver time.

.5.2. Multivariate analyses
The data were transformed by principal components

sis (PCA) to obtain new coordinates (PC-scores) of
bservations in an orthogonal new coordinates system
pace)[22]. In order to maximize the separation betw
roups (MCI non-converters and MCI converters), the
cores were then used as features vector in a multiv
nalysis of variance (CVA) to obtain the canonical varia
hich maximize the ratioW−1B, whereW is the within-
roups sum of squares and cross-products matrix, andB the
etween-groups sum of squares and cross-products m
he eigenvectors ofW−1B are the coefficients for the cano

cal variables CV, and they are scaled so the within-g
ariance of the canonical variables is 1.

The canonical variables (CVs) are linear combinat
f the original variables (in our case the PC-scores o
ata). Specifically, the first CV is the linear combination

he columns of the PC-scores that affords the best se
ion between groups. This means that among all pos
inear combinations, it is the one with the most signific
-statistic in a one-way analysis of variance. The second
ist delayed recall (5.1± 2.3 versus 7.0± 3.6,p = .02).
On the basis of these results, in the present samp

erformed CCA including short story, Rey figure recall, R
ist delayed recall scores.

. Results

Among the 31 MCI patients who performed the br
PECT scan, 27 were considered for analysis and were
rouped in MCI converters and MCI non-converters, acc

ng to the follow-up clinical diagnosis. Four subjects who p
ressed at the follow-up to non-Alzheimer type dement

rontotemporal dementia, 2 Lewy Body dementia, 1 pse
epressive dementia) were not considered for the analy

Demographic and clinical characteristics of patients
eported inTable 1.

By SPM, the comparison of MCI converters versus c
rols showed significant hypoperfusion in superior (x, y,
=−46, −58, 52,Z = 3.71; 42,−58, 52,Z = 3.70), inferior
arietal lobules (−54, −42, 40,Z = 2.30,p < .01; 46,−60,
4,Z = 3.30), precuneus (6,−68, 52,Z = 2.60,p < .01), (clus

ers size ranging from 15 to 90). MCI non-converters ve
ontrols demonstrated bilateral hypoperfusion in the or
rontal cortex (10, 24,−24, Z = 4.11) and superior front
yrus (14, 42, 32,Z = 3.34) (clusters size 80–200).

The direct comparison between MCI converters and
on-converters showed a pattern similar to the one desc
bove for MCI converters versus controls, involving also

erior right temporal gyrus (36,−10,−32,Z = 2.78 atp < .01,
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cluster size 25). The degree of statistical significance is rep-
resented by the color bar shown inFig. 1 (T > 2.5,p < .01).
Statistical threshold was set atp < .001 unless indicated; ac-
cording to an a priori hypothesis of involvement of posterior
parietal and cingulate regions in Alzheimer’s disease, the re-
sults were explored atp < .01 as well.

The pattern which better separates MCI converters and
MCI non-converters was found by CVA performed on the first
22 principal components (PCs, 96% of the total variance),
and was able to separate all the MCI converters from MCI
non-converters (Fig. 2). The results shows that MCI convert-

ers, compared to MCI non-converters, are bilaterally hypop-
erfused in the inferior parietal lobule (−40, −54, 52;−40,
−52, 44), precuneus (−2, −46, 44), cingulate gyrus (−2,
−26, 32), lingual gyrus (−16, −92, −12), inferior frontal
gyrus (−54,−62,−12), inferior temporal gyrus (−56,−54,
−20; 60,−36,−24; seeFig. 3).

Furthermore, the CCA, considering the neuropsycholog-
ical tests’ scores (short story, Rey figure recall and Rey list
delay recall, see Section2andTable 1), and the PCs obtained
from the PCA of the SPECT images, gives a distribution of
the subjects in a coordinate system with 14 MCI convert-
Fig. 1. Pattern of hypoperfusion in MCI converters compar
ed to MCI non-converters by statistical parametric mapping.
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Table 1
Demographic, clinical and neuropsychological characteristics of MCI
subjects

Variable MCI
converters

MCI
non-converters

pa

Number 18 9 –
Gender, F/M 15/3 6/3 .32b

Age (years) 68.8± 7.3 70.6± 7.0 .33
CDR, baseline 0.5± 0.0 0.5± 0.0 –
CDR, follow-up 0.9± 0.4 0.5± 0.0 .05
MMSE, baseline 27.3± 2.1 28.0± 1.4 .21
MMSE, follow-up 22.8± 3.7 27.9± 1.6 .01
IADL (lost), baseline 0 0 –
IADL (lost), follow-up 1.7± 0.8 0 .0001
Short story, baseline 5.8± 2.3 9.4± 3.4 .001
Rey figure recall, baseline 10.7± 3.7 15.3± 4.3 .001
Rey list delay recall, baseline 4.7± 1.8 7.4± 2.5 .001

Results are expressed as mean± standard deviation. MCI converters: MCI
who developed AD within 2 years; MCI non-converters: MCI who main-
tained stable cognitive functions at follow-up; CDR: clinical dementia rat-
ing; MMSE: mini-mental state examination; instrumental activities of daily
living; F: female; M: male.

a Student’st-test.
b Pearson’sχ2-test.

ers out of 18 laying in the inferior left quadrant (sensitivity:
77.8%), and that 7 MCI non-converters out of 9 laying in the
superior right quadrant (specificity: 77.8%) (Fig. 4).

Finally, the evaluation of SPECT functional progression
from pre-clinical stage to AD, performed by SPM compar-
isons between baseline and follow-up SPECT scans, showed
a further worsening of the hypoperfusion with more extended
pattern in the same areas. No difference in brain SPECT scans
between baseline and follow-up was found in MCI subjects
who maintained stable cognitive functions.

F ble to
s noni-
c MCI
n

4. Discussion

In the present study, we confirmed that MCI is a heteroge-
neous clinical condition and a major risk factor for dementia
[13,19,22].

As in most hospital-based studies, inclusion of patients
was carried out by a multidisciplinary diagnostic work-up
to limit the enrolment of individuals affected by other con-
comitant somatic or neurological diseases, thus minimis-
ing the inclusion of false negatives. The stringent crite-
ria are the likely explanation for the higher rate of con-
version to AD noted in this study (33% per year) as
compared to studies in out-patient clinic and community
populations.

We corroborated that the brain functional pattern usu-
ally occurring in the early symptomatic phase of AD, is al-
ready present 2 years before the clinical onset of symptoms.
Moreover, combining routinely performed techniques, such
as SPECT imaging and neuropsychological scores, we were
able to detect patients at risk to progress to AD with high
sensitivity and specificity values.

Over the past 3 years, functional neuroimaging studies
have provided evidence for brain changes in the very early
phase of dementia[10–12]. The severity of memory impair-
ment, specifically in the domain of long-term memory, such
as the delayed recall, may prove useful for detection of pro-
g
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ig. 2. Canonical variate analysis performed on the first 22 PCs is a
eparate all the MCI converters from MCI non-converters. CV1: first ca
al variable; CV2: second canonical variable; MCI converters in black;
on-converters in white.
ressive MCI[2,8].
However, the neuroimaging and neuropsychologica

essments have been always addressed separately, w
xception of a recent work identifying different subgro
f MCI combining SPECT investigation and cognitive p

ormances by univariate methods[10]. Noteworthy, the au
hors demonstrated that although the conversion to AD c
e predicted with high accuracy evaluating separately e
erebral blood flow changes in selected parietal region
europsychological scores such as MMSE, block design
ord recognition, their combination might result adva
eous to achieve diagnostic certainty. In fact, both SPECT
europsychologic performance are limited by intrinsic
xtrinsic factors which affect the predictive power of th
arkers, in isolation. In particular, though there is evide

hat severity of impairment on tests of memory, attenti
rocessing and mental speed consistently predict conve

o AD, a unavoidable problem with neuropsychological m
ures, in addition to the confounding effect of affective
otivational variables, is the lack of good normative d

or the oldest old, diverse cultural groups, those with
ducational attainment and those with premorbid cogn
isabilities. To support diagnostic accuracy and predi

ty of cognitive testing, a purely objective marker would
herefore useful.

We used a multivariate method, the PCA, to measur
redictive values in the progression of MCI to AD. In c

rast to univariate methods, in which the inference is m
n just a subset of voxels, a multivariate method allows t
ess the effects of all brain voxels at the same time, acc
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Fig. 3. Pattern of hypoperfusion in MCI converters compared to MCI non-converters resulting from the linear combination of the first 22 PCs, which better
separates the two subgroups (canonical variate analysis).

ing for dependencies among them[1], and it is specifically
helpful in identifying a characteristic pattern of brain hypop-
erfusion, comparable to the AD pattern, and its correlation
with the severity of neuropsychological impairment. Thus,
CVA provides insight into the perfusion pattern which better
discriminates the groups, based on an a priori definition of
subjects according to follow-up diagnosis, while CCA is able
to identify the clinical outcome correlating neuropsycholog-
ical performances and PCs. Indeed, CVA may result in an
over-fitting of the findings to the data, and it has been used
as an exploratory procedure to find whether it is possible to
separate MCI converters and MCI non-converters by SPECT
images and whether the pattern, which better separates the

two groups, makes sense from a functional perspective. On
the contrary, the CCA uses the eigenvectors only to find out
the correlation between SPECT data and neuropsychological
tests, thus the discrimination cannot be biased. In fact, the
follow-up diagnosis is not introduced to compute the anal-
ysis, but only to classify the subjects once the analysis was
performed.

A possible application of the CCA in clinical practice is
the estimation of the risk of AD development in a single MCI
subject. This can be achieved analysing subject’s SPECT im-
age and memory scores within subgroups of already defined
MCI converter and MCI non-converter subgroups, and fitting
the diagnostic subgroup he/she belongs to.
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Fig. 4. Canonical correlation analysis of combined baseline SPECT images
and neuropsychological findings. CCVPC-scores: canonical correlation vari-
ables, principal components; CCVtests-scores; MCI converters in black; MCI
non-converters in white.

The consistency of our results with those of a widely used
method such as SPM, suggests that the application of PCA
method onto SPECT data is reliable in cases of neurodegen-
erative disorders even in the earliest, pre-symptomatic stages.

We thus suggest a new approach in analyzing combina-
tions of data obtained from different sources, in order to ob-
tain high diagnostic accuracy by the contribution of statistical
and mathematical methods not yet used in research on neu-
rodegenerative disorders.

The principal components identified in this study should
be validated by applying them to a second group of subjects
for a more rigorous assessment and application in similar
correlative analysis.

In conclusion, our results suggest that functional neu-
roimaging, such as SPECT perfusion method, and correla-
tive analysis between perfusion and the degree of memory
impairment, may represent an additional tool for pre-clinical
diagnosis of dementia, although clinical decision-making re-
quires additional sensitivity and validation.

Further studies, based on the interplay of neuropsycho-
logical, biological (CSF A� and�, platelet APPr)[3,16,20]
or neuroimaging[5,7] markers might establish with greater
accuracy the risk of dementia in MCI subjects and might de-
termine the predictive power of different measures to be used
in clinical setting.

A

tical
r The
Q es”
E and

disabilities” Project “NEST-DD”, and grants of “Progetto Fi-
nalizzato, Ministero della Salute” to Alessandro Padovani,
MD, PhD.

References

[1] Almeida R, Ledberg A. Exact multivariate tests for brain imaging
data. Human Brain Map 2002;16:24–35.

[2] Arnaiz E, Almkvist O. Neuropsychological features of mild cognitive
impairment and preclinical Alzheimer’s disease. Acta Neurol Scand
2003;S179:34–41.

[3] Borroni B, Colciaghi F, Caltagirone C, Rozzini L, Broglio L,
Cattabeni F, et al. Platelet amyloid precursor protein abnormal-
ities in mild cognitive impairment predict conversion to demen-
tia of Alzheimer type: a 2-year follow-up study. Arch Neurol
2003;60:1740–4.

[4] Bozoki A, Giordani B, Heidebrink JL, Berent S, Foster NL. Mild
cognitive impairments predict dementia in nondemented elderly pa-
tients with memory loss. Arch Neurol 2001;58:411–6.

[5] Chetelat G, Desgranges B, De La Sayette V, Viader F, Eustache F,
Baron JC. Mild cognitive impairment: can FDG-PET predict who is
to rapidly convert to Alzheimer’s disease? Brain 2003;126:1955–67.

[6] Friston KJ, Holmes AP, Worsley KJ, Poline JB, Frith CD, Frack-
owiak RSJ. Statistical parametric maps in functional imaging: a gen-
eral linear approach. Human Brain Map 1995;2:189–210.

[7] Grundman M, Jack Jr CR, Petersen RC, Kim HT, Taylor C, Dat-
vian M, et al. Alzheimer’s Disease Cooperative Study. Hippocampal
volume is associated with memory but not memory cognitive perfor-
mance in patients with mild cognitive impairment. J Mol Neurosci

Ben-
og-
and

ich
con-

age

[ sson
ela-
tive

[ atlin
CT.

[ , et
rain

[ R.
rol-

[ tad-
the
ent

ease.

[ H,
imer

[ et
e
re-

6.
[ osti

cur-
cknowledgments

The authors wish to thank Prof. Stefano Cappa for cri
eview of the manuscript. This study was supported by “
uality of Life and Management of the Living Resourc
uropean Program, key action “The ageing population
2003;20:241–8.
[8] Grundman M, Petersen RC, Ferris SH, Thomas RG, Aisen PS,

nett DA, et al. Alzheimer’s Disease Cooperative Study. Mild c
nitive impairment can be distinguished from Alzheimer disease
normal aging for clinical trials. Arch Neurol 2004;61:59–66.

[9] Herholz K, Salmon E, Perani D, Baron JC, Holthoff V, Frol
L, et al. Discrimination between Alzheimer dementia and
trols by automated analysis of multicenter FDG PET. Neuroim
2002;17:302–16.

10] Huang C, Wahlund LO, Almkvist O, Elehu D, Svensson L, Jon
T, et al. Voxel- and VOI-based analysis of SPECT CBF in r
tion to clinical and psychological heterogeneity of mild cogni
impairment. Neuroimage 2003;19:1137–44.

11] Johnson KA, Jones K, Holman BL, Becker JA, Spiers PA, S
A, et al. Preclinical prediction of Alzheimer’s disease using SPE
Neurology 1998;50:1563–71.

12] Kogure D, Matsuda H, Ohnishi T, Asada T, Uno M, Kunihiro T
al. Longitudinal evaluation of early Alzheimer’s disease using b
perfusion SPECT. J Nucl Med 2000;41:1155–62.

13] Luis CA, Loewenstein DA, Acevedo A, Barker WW, Duara
Mild cognitive impairment: directions for future research. Neu
ogy 2003;61:438–44.

14] McKhann G, Drachman D, Folstein M, Katzman R, Price D, S
lan EM. Clinical diagnosis of Alzheimer’s disease: report of
NINCDS-ADRDA Work Group under the auspices of Departm
of Health and Human Services Task Force on Alzheimer’s Dis
Neurology 1984;34:939–44.

15] Morris JC, Storandt M, Miller JP, McKeel DW, Price JL, Rubin E
et al. Mild cognitive impairment represents early-stage Alzhe
disease. Arch Neurol 2001;58:397–405.

16] Okamura N, Arai H, Maruyama M, Higuchi M, Matsui T, Tanji H,
al. Combined analysis of CSF tau levels and123I-iodoamphetamin
SPECT in mild cognitive impairment: implications for a novel p
dictor of Alzheimer’s disease. Am J Psychiatry 2002;159:474–

17] Padovani A, Borroni B, Colciaghi F, Pettenati C, Cottini E, Ag
C, et al. Abnormalities in the pattern of platelet amyloid pre



B. Borroni et al. / Neurobiology of Aging 27 (2006) 24–31 31

sor protein forms in patients with mild cognitive impairment and
Alzheimer disease. Arch Neurol 2002;59:71–5.

[18] Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins PV,
et al. Current concepts in mild cognitive impairment. Arch Neurol
2001;58(12):1985–92.

[19] Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen
E. Mild cognitive impairment: clinical characterization and outcome.
Arch Neurol 1999;56:303–8.

[20] Riemenschneider M, Lautenschlager N, Wagenpfeil S, Diehl J,
Drzezga A, Kurz A. Cerebrospinal fluid tau and�-amyloid 42 pro-
teins identify Alzheimer disease in subjects with mild cognitive im-
pairment. Arch Neurol 2002;59:1729–34.

[21] Ritchie K, Touchon J. Mild cognitive impairment: concep-
tual basis and current nosologica status. Lancet 2000;355:225–
8.

[22] Small BJ, Fratiglioni L, Viitanen M, Winblad B, Backman L. The
course of cognitive impairment in preclinical Alzheimer disease:
three- and 6-year follow-up of a population-based sample. Arch Neu-
rol 2000;57(6):839–44.

[23] Zuendorf G, Kerrouche N, Herholz C, Baron JC. Efficient
principal component analysis for multivariate 3D voxel-based
mapping of brain functional imaging data sets as applied to
FDG-PET and normal aging. Human Brain Map 2003;18:13–
21.


	Combined 99mTc-ECD SPECT and neuropsychological studies in MCI for the assessment of conversion to AD
	Introduction
	Materials and methods
	Subjects
	Study design
	99mTc-ECD SPECT
	Image pre-processing
	Statistical analysis
	Univariate analysis
	Multivariate analyses


	Results
	Discussion
	Acknowledgments
	References


