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Abstract

Background: Mild cognitive impairment (MCI) is a heterogeneous syndrome resulting from Alzheimer’s disease
(AD) as well as to non-AD and non-neurodegenerative conditions. A subset of patients with amnestic MCI (aMCI)
present with an unusually long-lasting course, a slow rate of clinical neuropsychological progression, and evidence
of focal involvement of medial temporal lobe structures. In the present study, we explored positron emission
tomography (PET) and cerebrospinal fluid (CSF) biomarkers in a sample of subjects with aMCI with such clinical
features in order to provide in vivo evidence to improve disease characterisation in this subgroup.

Methods: Thirty consecutive subjects with aMCI who had long-lasting memory impairment (more than 4 years
from symptom onset) and a very slow rate of cognitive progression were included. All subjects underwent
fluorodeoxyglucose-positron emission tomography (FDG-PET) metabolic imaging. A measure of cerebral
amyloid load, by PET and/or CSF, was obtained in 26 of 30 subjects. The mean clinical follow-up was 58.3 ±
10.1 months.

Results: No patient progressed to dementia during the follow-up. The typical AD FDG-PET pattern of temporoparietal
hypometabolism was not present in any of the subjects. In contrast, a selective medial temporal lobe hypometabolism
was present in all subjects, with an extension to frontolimbic regions in some subjects. PET imaging showed absent or
low amyloid load in the majority of samples. The values were well below those reported in prodromal AD, and they
were slightly elevated in only two subjects, consistent with the CSF β-amyloid (1–42) protein values. Notably, no
amyloid load was present in the hippocampal structures.

Conclusions: FDG-PET and amyloid-PET together with CSF findings questioned AD pathology as a unique
neuropathological substrate in this aMCI subgroup with long-lasting disease course. The possibility of alternative
pathological conditions, such as argyrophilic grain disease, primary age-related tauopathy or age-related TDP-43
proteinopathy, known to spread throughout the medial temporal lobe and limbic system structures should be
considered in these patients with MCI.
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Background
Mild cognitive impairment (MCI) is a heterogeneous
syndrome that can be due to Alzheimer’s disease (AD)
and non-AD pathologies [1]. The presence of an early
and significant objective deficit of episodic memory is
considered the main criterion supporting the diagnosis
of typical AD and the best cognitive predictor of the de-
velopment of AD dementia [2, 3]. Though the amnestic
syndrome of hippocampal type is the most typical pres-
entation in prodromal AD, impairments in delayed recall
tasks may be present in individuals with non-AD disor-
ders, such as the behavioural variant of frontotemporal
dementia (bvFTD) [4], argyrophilic grain disease (AGD)
[5, 6] and the recently identified suspected non-AD
pathology (SNAP) [7–9].
Subjects with selective long-term memory impairment

and a relatively stable or very slowly progressing (up to
decades) condition have been reported [10, 11]. This
condition has been considered up to now as a phenotyp-
ical expression of a focal medial temporal lobe dysfunction
possibly due to AD pathology [10–12]. In particular, pa-
tients with AD with a limbic predominant deposition of
tau protein present with a specific phenotype (e.g., old age
at onset, predominant amnestic syndrome) and selective
medial temporal lobe atrophy visualised by magnetic res-
onance imaging (MRI) compared with the other AD vari-
ants (i.e., typical AD and hippocampus-sparing AD) [13].
Recently, patients with MCI with such a clinical

phenotype and no clear in vivo evidence of AD path-
ology were reported in the literature as part of the hete-
rogeneous clinical group labelled SNAP [8, 9, 14–17].
This is a biomarker-based concept applied to individuals
with evidence of neurodegeneration in the absence of
cerebral amyloid load [9]. This definition reflects the no-
tion that pathologies other than AD may underlie neuro-
degenerative changes, as revealed by cerebrospinal fluid
(CSF) and fluorodeoxyglucose-positron emission tomog-
raphy (FDG-PET) biomarkers, in subgroups of patients
clinically presenting with an AD-like phenotype.
In the present study, we assessed FDG-PET brain

hypometabolism and cerebral amyloid load by PET im-
aging as well as CSF β-amyloid (1–42) protein (Aβ42)
and tau values in a sample of subjects with MCI with
predominant episodic memory impairment and a very
slow rate of progression. The aim was to provide in vivo
evidence to improve disease characterisation in this
MCI subgroup.

Methods
Participants
The sample included 30 subjects (mean age 74.1 ± 4.
8 years; mean education level 10.3 ± 4.5 years; mean disease
duration at first evaluation 44.5 ± 25.5 months) fulfilling
the Petersen criteria [1] for amnestic MCI (aMCI) and

characterised by (1) a predominant episodic memory im-
pairment, (2) a long-term clinical course (i.e., more than
4 years) and (3) a slow rate of progression of memory
deficits. All subjects were consecutively referred to the
neurology centres of San Raffaele Hospital (Milan, Italy).
All of the included patients had a 3 to 5 years of clinical
follow-up (i.e., 58.3 ± 10.1 months).
Conventional MRI was used to exclude the presence

of white matter hyperintensities and lacunes of cere-
brovascular origin as causes of cognitive impairments.
Upon conventional inspection of MRI scans, hippo-
campal atrophy was found in the majority of subjects,
without a clear radiological picture of hippocampal
sclerosis (i.e., reduction of hippocampal volume with
abnormal shape of mesial temporal lobe structures ob-
served on T1-weighted images and increased signal in-
tensity on T2-weighted and fluid-attenuated inversion
recovery images) [18]. All of the included subjects had
an FDG-PET scan, and 26 of 30 subjects with MCI had
an amyloid biomarker evaluation (i.e., either with
amyloid-PET and/or CSF Aβ42 measure). See Tables 1 and 2
for details.

CSF measures
CSF was obtained from 20 of 30 subjects near the time
of first clinical evaluation (< 3 months) by lumbar punc-
ture in the L3-L4 or L4-L5 interspace. The procedure
was performed early in the morning. No serious adverse
events were reported. CSF (8–10 ml) was collected in
sterile polypropylene tubes. Part of it was used to
determine routine chemical parameters (leucocyte and
erythrocyte cell count, glucose measurement, protein
total content). The remaining CSF was centrifuged for
10 min at 4000 × g at 4 °C and stored at − 80 °C until
analysis to ensure the stability of the CSF biomarkers.
Measurement of CSF Aβ42, total tau (t-tau) and phos-
phorylated tau (p-tau) levels was performed using com-
mercial available enzyme-linked immunosorbent assay
(ELISA) kits according to the manufacturer’s protocol and
blinded to clinical data. Normal values were set ≥ 500 ng/L
for Aβ42 values, ≤ 450 ng/L (if age was 51–70 years)
or < 500 ng/L (if age was > 71 years) for t-tau values
and ≤ 61 ng/L for p-tau values, according to the ELISA
kit guidelines and literature recommendations [19].

FDG-PET imaging
FDG-PET scans were acquired in 30 of 30 patients near
the time of first clinical evaluation (< 3 months) according
to European Association of Nuclear Medicine guidelines
[20]. FDG-PET was performed in each subject at the Nu-
clear Medicine Unit, San Raffaele Hospital (Milan, Italy),
with the Discovery STE multi-ring PET-computed tomog-
raphy (CT) system (GE Medical Systems, Milwaukee, WI,
USA). Before radiopharmaceutical injection of FDG
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(usually 185–250 MBq via a venous cannula), subjects
were fasted for at least 6 h, and the measured blood glu-
cose threshold was < 120 mg/dl. All images were acquired
with an interval between injection and scan start of
45 min and scan duration of 15 min. Images were recon-
structed using an ordered subset expectation maximisa-
tion (OSEM) algorithm. Attenuation correction was based
on CT scans. Specific software integrated in the scanner
was used for scatter correction. All subjects gave written
informed consent after detailed explanation of the FDG-
PET procedure.
Image pre-processing was performed using statistical

parametric mapping (SPM; http://www.fil.ion.ucl.ac.uk/
spm/software) according to an optimised SPM proced-
ure with implementation of a standardised SPM FDG
dementia-specific template [21] for spatial normalisation.
This is an optimised method validated in MCI and

different dementia conditions at the single-subject level
and showing high accuracy in estimating specific meta-
bolic patterns [22–24]. In detail, images were smoothed
with an 8-mm FWHM gaussian kernel; proportional
scaling was used to remove inter-subject global variation
in PET intensity; and each FDG-PET scan was then
tested for relative “hypometabolism” by means of a two-
samples t test implemented in SPM in a comparison
with a normal FDG-PET image database (n = 112) on a
voxel-by-voxel basis, with age as a covariate [22]. The
FDG-PET image database included data acquired with
different PET scanners. However, this did not affect data
analysis with the optimised SPM procedure as evaluated
and reported by Presotto et al. [25] with a large sample
of FDG-PET images acquired with several PET scanners.
The statistical threshold for the analysis at single-subject
level was set at p = 0.05, familywise error (FWE)-corrected
for multiple comparisons at the voxel level. Only clusters
containing more than 100 voxels (i.e., 800 mm3) were
deemed to be significant.
In order to compute brain metabolic changes at the

group level, we also performed a second-level SPM ana-
lysis (one-sample t test) in the whole MCI group. The
threshold was set at p < 0.05, FWE-corrected for mul-
tiple comparisons at the voxel level. In order to reveal
more subtle effects in brain hypometabolism, a p < 0.001
uncorrected analysis (FWE-corrected at the cluster level)
was also performed.

Amyloid-PET imaging
Amyloid-PET imaging was performed in 16 of 30 sub-
jects using the [18F]florbetaben NeuraCeq™ tracer
(Piramal Imaging, Berlin, Germany). All amyloid-PET ac-
quisitions were performed within a mean of 3–12 months
(i.e., 5.6 ± 1.9 months) from the first clinical evaluation.
Patients received a single intravenous bolus injection of
315.6 ± 16.6 MBq of tracer. PET scans were acquired
using a hybrid GE Discovery PET/CT 690 system (inter-
val between injection and scan start 90 min; scan dur-
ation 15 min) [26]. CT scans were used for attenuation
correction of PET data. All image reconstruction was
performed using a 3D-OSEM algorithm. Images were
scaled by division through the respective median cere-
bellar grey matter voxel intensity, and image process-
ing resulted in regional cortical grey matter tracer
uptake values relative to cerebellar grey matter (i.e.,
standardised uptake value [SUV]). SUVs were calcu-
lated for all regions according to the procedure re-
ported by Villemagne et al. [27]. In particular, we
considered ROIs in frontal (i.e., dorsolateral, ventrolateral
and orbitofrontal regions), superior and inferior parietal,
lateral temporal, lateral occipital, and anterior and poster-
ior cingulate cortices. Each SUV was used to derive the
composite SUV ratio (SUVr) referenced to the cerebellar

Table 1 Demographic and clinical features of the sample

Patient sample
(n = 30)

Female/male ratio 12/18

Age in years (mean ± SD) 74.1 ± 4.8

Age range in years 65–84

Years of education (mean ± SD) 10.3 ± 4.5

Disease duration in months at first
evaluation (mean ± SD)

44.5 ± 25.5

Months of follow-up (mean ± SD) 58.3 ± 10.1

Disease duration in months at follow-up
(mean ± SD)

102.8 ± 28.1

MMSE adjusted score at first evaluation
(mean ± SD)

26.5 ± 2.1

MMSE adjusted score at follow-up
(mean ± SD)

25.1 ± 2.5

CDR Sum of Boxes at first evaluation
(mean ± SD)

1.91 ± 0.6

CDR Sum of Boxes at follow-up
(mean ± SD)

2.9 ± 1.7

Diagnosis at first evaluation 15 s-aMCI, 15 m-aMCI

Diagnosis at follow-up 9 s-aMCI, 21 m-aMCI

Lumbar puncture (no. of subjects) 20/30

CSF Aβ42 and t-tau/p-tau normal values 7/20

CSF Aβ42 low values 10/20

CSF p-Tau/t-tau high values 3/20

Amyloid-PET (no. of subjects) 16/30

SUVr values from 1.0 to 1.45 8/16

SUVr values from 1.45 to 1.80 6/16

SUVr values from 1.80 to 1.90 2/16

Abbreviations: MMSE Mini Mental State Examination, CDR Clinical Dementia
Rating, CSF Cerebrospinal fluid, Aβ42 β-Amyloid (1–42) protein, t-tau Total tau,
p-tau Phosphorylated tau, s-aMCI Single-domain amnestic mild cognitive
impairment, m-aMCI Multiple-domain amnestic mild cognitive impairment,
PET Positron emission tomography
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cortex, a region most frequently used in SUV analysis be-
cause it is relatively unaffected by Aβ plaques in sporadic
AD [27]. In addition to the above-mentioned cortical re-
gions suggested in the literature to calculate the composite
neocortical SUVr, we selected ROIs in hippocampal struc-
tures, amygdala and insula according to the Automated
Anatomical Labelling atlas. This further analysis was done
in order to test in vivo with PET whether amyloid deposits
leading to a major effect on neurodegeneration in these
brain regions might selectively exist. The long-lasting dis-
ease duration in subjects with MCI with selective long-
term memory impairment or relatively stable or very slow
progression has indeed been attributed to focal medial
temporal lobe dysfunction possibly due to AD pathology
[10–12]. Finally, a non-parametric correlation analysis
(Spearman’s rho) was performed to evaluate the relation-
ship between mean neocortical amyloid-PET SUVr values
and CSF Aβ42 values in those patients who underwent
both amyloid-PET and lumbar puncture.

Results
Clinical neuropsychological findings
At the time of the first clinical evaluation, the subjects’ age
ranged from 65 to 84 years, and both sexes were similarly
affected. Fifteen subjects were classified as having single-
domain aMCI (s-aMCI), and 15 were classified as having
multiple-domain aMCI (m-aMCI). Of note, 21 of 30 sub-
jects showed behavioural disturbances (i.e., anxiety, irrit-
ability, aggressiveness, apathy and emotional blunting). At

the clinical follow-up (58.3 ± 10.1 months), none had pro-
gressed to dementia. The majority of subjects with aMCI
showed stable profiles (i.e., 9 with s-aMCI and 15 with
m-aMCI). Mild progression of memory impairment and
additional cognitive deficits were found in 6 subjects
with s-aMCI, who were reclassified as having m-aMCI.
See Tables 1 and 2 for demographic and clinical details.
Subjects with MCI who had some evidence of amyloid

deposition (n = 15) visualised by CSF or PET imaging
(see below) did not show any significant difference in
clinical or neuropsychological features compared with
amyloid-negative (n = 11) subjects, except for the fe-
male/male ratio and the disease duration in months,
with amyloid-negative subjects showing longer disease
duration (Table 3).

CSF findings
Among the 20 subjects with CSF data available, 7 had
completely normal CSF values. Three subjects showed
only slight elevation of p-tau levels, suggesting the pres-
ence of a neurodegenerative process. The remaining ten
subjects showed Aβ values below the cut-off proposed
for Aβ positivity [19]. Half of these subjects (i.e., five of ten)
had only slightly altered Aβ results, with normal t-tau and
p-tau values found in three of them. In these latter three
subjects, MCI due to AD had a low probability according
to the Erlangen Score Algorithm for the interpretation of
CSF results [28, 29]. Pathological Aβ results, with slight
alteration of p-tau levels, were present in three subjects.

Table 3 Clinical and neuropsychological features of the MCI sample grouped according to the evidence (i.e., Aβ+ MCI) or the
absence (i.e., Aβ- MCI) of amyloid pathology by amyloid-PET and/or CSF imaging. Amyloid pathology information was available in
26/30 MCI subjects. Values are shown as mean ± standard deviation

Aβ+ MCI n=15 Aβ- MCI n=11 Statistics

Female/Male ratio 8/7 11/1 p<0.05

Age in years 73.5±5.4 75.3±4.5 p=0.4

Years of education 9.2±4.8 11.1±4.9 p=0.3

Disease duration in months 30.3±16 50.3±29 p<0.05

Diagnosis at the first evaluation

Mini Mental State Examination (cut-off = 24) 25±3.9 26.5±2.9 p= 0.31

Token test (cut-off = 26.25) 30.8±4.3 30.7±2 p=0.9

Phonemic fluency (cut-off = 16) 24.1±12.2 20±7.4 p=0.34

Semantic fluency (cut-off = 24) 28.8±10.5 27.1±5.7 p=0.64

Digit Span (cut-off = 3.5) 5.23±1.3 5.5±1.1 p=0.66

Corsi Span (cut-off = 3.5) 4.7±0.8 4.3±0.7 p=0.25

Rey Auditory Verbal Learning Test immediate recall (cut-off = 28.5) 19.17±3.7 20.3±5.1 p=0.55

Rey Auditory Verbal Learning Test delayed recall (cut-off = 4.68) 1.42±1.9 1.22±1.5 p=0.80

Rey-Osterrieth Complex Figure recall (cut-off = 9.46) 6.25±3.1 6.25±5.2 p=1

Rey-Osterrieth Complex Figure copy (cut-off = 28.87) 22.6±9 28.64±6.1 p=0.075

Attentive Matrices (cut-off = 30) 43.85±7 45.18±10.7 p=0.72

Raven Matrices (cut-off = 17.5) 24.9±7.1 22.73±6.1 p=0.52

Cerami et al. Alzheimer's Research & Therapy  (2018) 10:42 Page 5 of 10



Only two subjects showed clearly pathological results for
both Aβ and t-tau/p-tau, compatible with an AD-like CSF
profile [29]. See Table 2 for further details on individual-
subject values. The t-tau/Aβ ratio confirmed an AD-like
profile in those subjects with clearly pathological Aβ values.
Ratios above the cut-off proposed for AD positivity as re-
ported by Shaw et al. [30] were also found in four of the
subjects with an unclear single-biomarker profile. See
Table 2 for details on individual-subject values.

FDG-PET imaging findings
No subject showed the typical AD temporoparietal hypo-
metabolism on the basis of FDG-PET imaging [22–24].
We found instead a consistent pattern of focal hypo-
metabolism involving the hippocampus and/or hippo-
campal structures in every case. In half of the sample,
additional metabolic changes were present in the fron-
tomedial cortex, the amygdala, the posterior part of
the insula extending to the parietal operculum and the
superior temporal gyrus. Some patients (i.e., 11 of 30)
showed posterior cingulate cortex hypometabolism.
See Fig. 1a and b and Table 2 for details.
The group analysis of FDG-PET data using the SPM

procedure showed a bilateral pattern of hypometabolism
involving the hippocampal structures spreading to the in-
sula on the left side (p < 0.05, FWE-corrected for multiple
comparisons at the cluster level) (Fig. 1c). At the less strin-
gent statistical threshold of significance (i.e., p < 0.001

uncorrected, FWE-corrected at the cluster level), we
found a more extended hypometabolism only in the
medial temporal lobe structures, without any involvement
of the lateral temporoparietal regions (Fig. 1d).

Amyloid-PET imaging findings
Negative or very low levels of tracer uptake were found
in the majority of subjects with MCI (Table 2). In par-
ticular, 8 of 16 patients had very low composite SUVr
values (1.22 ± 0.12), comparable to those reported in
the literature for Aβ-negative healthy control subjects
[27, 31–35], and notably well below the proposed cut-
off for prodromal AD (i.e., < 1.45) [33]. Low to inter-
mediate SUVr values (1.45 < SUVr < 1.80) below the
mean values reported in the literature for AD Aβ posi-
tivity were found in 6 of 16 subjects (see Fig. 2). Only 2
of 16 subjects had slightly elevated composite SUVr
values (i.e., 1.83 and 1.90) (Fig. 2). No regional effect of
the tracer retention in the single cortical ROIs included
in the composite SUVr measure emerged. Notably, in
all subjects with MCI, there was a sparing of the hippo-
campal structures, amygdala and insula, in which SUVr
values were always low overall (< 1.4). See Fig. 2 for
details.

CSF Aβ42 and amyloid-PET imaging correspondence
Amyloid-PET SUVr and CSF Aβ42 values were consistent
(Fig. 3). In detail, seven subjects had normal or slightly

Fig. 1 a and b Fluorodeoxyglucose-positron emission tomography (FDG-PET) hypometabolic patterns of two example subjects (i.e., statistical
parametric mapping [SPM] single-subject analysis: 1 patient vs. 112 control subjects; p < 0.05, familywise error [FWE]-corrected at the voxel level
with k > 100 voxels) representing (a) extensive hypometabolism in the medial temporal lobe (i.e., hippocampus and hippocampal structures) and
limbic structures (amygdala, frontomedial cortex, and insula) and (b) selective medial temporal lobe hypometabolism, more extended on the left
side. c and d FDG-PET hypometabolic pattern of the whole patient group (i.e., SPM one-sample group analysis; p < 0.05 FWE-corrected at the
voxel level and p < 0.001 uncorrected at the voxel level, FWE-corrected at cluster level)
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reduced CSF Aβ42 values and no amyloid-PET burden,
one had a normal CSF Aβ42 value but a slight increase in
SUVr value, and two had reduced CSF Aβ42 levels and in-
creased SUVr values. There was a significant negative cor-
relation between mean neocortical SUVr and CSF Aβ42
values (Spearman’s rho = − 0.83, p < 0.005).

Discussion
Our sample of subjects with aMCI with prevalent or ex-
clusive long-term memory deficits and a slow cognitive
progression did not show the FDG-PET hypometabolism
pattern typical of AD. They had reduced glucose metab-
olism in the medial temporal lobe structures with no
amyloid load visualised by PET imaging in these struc-
tures (see Figs. 1 and 2).
In addition to the consistent pattern of reduced me-

tabolism in the hippocampal structures, hypometabolism
in the frontomedial cortex, insula and anterior superior
temporal cortex was present in some subjects. A few
subjects showed reduction of glucose metabolism in the
posterior cingulate cortex, which can be interpreted as a
functional disconnection effect due to the severe in-
volvement of the hippocampal structures. As reported in

Fig. 2 Distribution of the mean neocortical standardized uptake value ratio (SUVr) values (a) and SUV values in the hippocampal structures (b),
amygdala (c) and insula (d) in those patients who underwent amyloid-positron emission tomographic imaging. Reference thresholds for amyloid
positivity of the composite SUVr values in patients with mild cognitive impairment (MCI) and patients with Alzheimer’s dementia (AD) are reported.
m-aMCI Multiple-domain amnestic mild cognitive impairment, s-aMCI Single-domain amnestic mild cognitive impairment

Fig. 3 Scatterplot showing the inverse correlation between mean
neocortical standardized uptake value ratio (SUVr) and cerebrospinal
fluid (CSF) β-amyloid (1–42) protein (Aβ42) values in those subjects
who underwent both amyloid-positron emission tomography and
lumbar puncture
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the literature, even in the absence of grey matter loss or
amyloid toxicity in the posterior cingulate cortex, grey
matter loss in the medial temporal lobe structures is suf-
ficient to cause remote metabolic effects in connected
regions [36].
This FDG-PET hypometabolic pattern involving limbic

structures is similar to the pattern reported in some pa-
tients with bvFTD [37, 38]. The subjects in our series,
however, presented with a clinical phenotype of aMCI,
and the additional mild behavioural changes found in
many subjects did not fulfil the clinical criteria for
bvFTD [39] at either onset or follow-up.
As for the amyloid load visualised by [18F]florbetaben-

PET or CSF, we found evidence of β-amyloidosis in some
subjects according to the amyloid-PET SUVr (i.e., 8 of 16
subjects showed intermediate or high SUVr values) and/
or CSF Aβ42 cut-off values [19] (i.e., 10 of 20 showed low
CSF Aβ42 values). Notably, the cognitive profile and FDG-
PET features of subjects with evidence of in vivo β-
amyloidosis did not show differences from patients with
MCI without amyloid load (see Fig. 2 and Table 3). In
addition, they did not progress to dementia during long-
term follow-up (i.e., 58.3 ± 10.1 months). The clinical
value of β-amyloidosis as a marker of prodromal AD in
these subjects is poor, however. It must be taken into con-
sideration that a consistent percentage of cognitively nor-
mal subjects (i.e., 16–30% [27, 32]), as well as non-AD
neurodegenerative patients [27], show incidental amyloid
load with mean neocortical SUVr values above the pro-
posed cut-off score for prodromal AD [40]. This is par-
ticularly true in elderly populations such as the one
included in our study [32, 40]. Thus, the β-amyloidosis
seen in these subjects does not per se provide conclusive
evidence for an “MCI due to AD” condition.
A pure or mixed limbic-predominant AD variant [12]

could be the possible underlying neuropathological sub-
strate in those subjects presenting with low cortical
amyloid uptake. However, it is unlikely in patients with
no evidence of brain amyloidosis. The possibility of
other pathological substrates needs to be considered in
the presence of long-lasting aMCI. These include AGD,
a late-onset tauopathy typically characterised by tau le-
sions spreading throughout the limbic system [5, 6, 41].
AGD usually affects elderly subjects (mean age of on-
set 75–80 years), without sex differences, and is clinically
characterised either by a severe amnestic syndrome with
relative sparing of other cognitive functions [5, 6] or by
a clinical neuropsychological phenotype overlapping
with that of typical AD dementia.
Mixed neuropathological conditions have been sug-

gested as a possible underlying substrate in patients with
MCI with a stable clinical picture. Multiple co-morbid
neuropathologies were reported previously in a large
neuropathological study of individuals (n = 1337) followed

longitudinally from normal or MCI status to death, show-
ing that less than one-fourth of patients with MCI had
“pure” AD at autopsy, whereas more than half of the
stable patients with MCI had mixed AD pathology
changes [42]. Brain arteriolosclerosis was also reported as
a possible neuropathological substrate in this MCI case
series [42].
No subject in our MCI sample progressed to dementia

during the follow-up, notably not even the two patients
who showed higher SUVr values. This finding also sup-
ports a non-AD condition overall in this subgroup and
once more suggests a possible combined AGD and add-
itional amyloid pathological substrate in those individ-
uals with slightly elevated SUVr values. Some subjects
with AGD indeed showed an associated AD-type path-
ology [6]. AGD and AD pathologies may act as additive
factors, because subjects with combined AGD with mild
to moderate AD-type pathologies were more frequently
associated with dementia progression than with pure
AGD pathology [5, 43].
We found mild behavioural disturbances in the majority

of our subjects with aMCI. Although the presence of
emotional blunting could suggest a diagnosis of a bvFTD
condition, no other behavioural changes typical of bvFTD
(e.g., disinhibition; impulsiveness; perseverative, stereo-
typic or compulsive/ritualistic behaviour; hyperorality; and
dietary changes) were present. Abnormal behaviours such
as those observed in our sample represent common initial
symptoms in pathology-confirmed AGD [44].
Although asymmetry of brain volume in medial tem-

poral regions has been described in study of patients
with advanced AGD [45, 46], this anatomostructural as-
pect was not reported by the expert radiologists who
evaluated conventional MRI scans in our series. This
work was indeed performed in a clinical setting, and ad-
vanced MRI measures were not available. Future studies
are needed to highlight the role of subtle and specific
anatomical changes in the differential diagnosis of this
MCI group.
Other possible pathological substrates also need to be

considered, such as primary age-related tauopathy
(PART) [47] and TDP-43 pathology [48]. PART is a
tauopathy in the absence of β-amyloidosis in which
medial temporal lobe structures are primarily involved
and abnormally elevated CSF tau protein levels are often
observed [47]. Age-related deposition of TDP-43 protein
is a neuropathological condition recently described in
elderly people with impairments in episodic memory
and no pathological diagnosis of AD or frontotemporal
lobar degeneration [48]. According to Nag et al. [48],
there is an association between this proteinopathy and
age-related hippocampal sclerosis (i.e., reduction of the
volume of CA1 and subiculum). Hippocampal sclerosis
has been suggested by Bien et al. [49] as the main cause
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of memory loss in patients with MCI with predominant
episodic memory impairment, slow progression of
neuropsychological deficits and preservation of other
cognitive functions. The large majority of elderly people
with hippocampal sclerosis included in the Nag et al. co-
hort [48] had TDP-43 pathology.
Both PART and age-related TDP-43 proteinopathy can

represent possible pathological substrates of the hetero-
geneous clinical spectrum called SNAP [9]. Reports on
subjects with SNAP MCI [7–9, 14–17], as well subjects
with PART [47] and age-related TDP-43 [48], indeed
show some parallelism with the clinical features of our
aMCI sample: advanced age, very mild cognitive symp-
toms, neurodegeneration without amyloidosis, and low
risk of clinical neuropsychological decline. Only clinical
and neuroimaging studies with neuropathological verifi-
cation will provide conclusive results about the array of
pathologies responsible for the clinical picture reported
in such subjects with long-lasting stable amnestic MCI.

Conclusion
The main contribution of the present in vivo combined
biomarker study (FDG-PET for neurodegeneration and
amyloid-PET and CSF for pathology) is that additional
nosographic classifications besides the limbic AD variant
need to be considered in patients with MCI with a long-
lasting disease course and slowly progressing or non-
progressing cognitive decline.
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