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Abstract

Nowadays, nobody compared the intrinsic diagnostic power of FDG PET TC with Amy-PET when we have a patient affected
by a minor form of mild cognitive impairment (MCI), in a prodromal stage of neuro cognitive impairment, when
neuropsychological examination excludes not only impairment in activities of daily living (ADL) but also in instrumental
activities of daily living (IADL). In this stage, more often, cerebral FDG PET TAC still demonstrates a normal metabolism of
glucose in the cortical areas of the brain. We aimed to detect the role of cerebral Amy PET TC in determining the possible
evolution from Neurocognitive and Mild Cognitive impairment, when cerebral FDG PET TAC doesn’t still notice an alteration
in glucose metabolism in the brain. This preliminary study let us to consider cerebral Amy PET TC very useful in a prodromic
phase, named neurocognitive impairment, when the patient demonstrates, at neuropsychological test, a situation similar to

‘“aging brain”.

1. Introduction

Alzheimer's disease (AD) dementia and other neurodegenerative dementias are preceded by a prodromal phase, namely mild
cognitive impairment (MCI), characterized by subtle clinical-neuropsychological changes [1], which are related to synaptic
dysfunction and long-lasting pathological deposition of toxic proteins in the brain [2]. MCI is characterized by objective

neuropsychological deficits in one or more cognitive domains without functional impairment in everyday life activities [1].
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Clinical longitudinal studies on MCI subjects provided evidence for different clinical outcomes, including conversion to AD

or non-AD dementias, stabilization of cognitive profile, or even reversion to normal cognition [1,3].

In the prodromal phase, clinical-neuropsychological assessment has limited accuracy for the prediction of conversion to AD
dementia [4,5].

To overcome this limit, diagnostic biomarkers such as neuroimaging (i.e., MRI, FDG-PET and amyloid-PET) and cerebrospinal
fluid-CSF (i.e., Ap42, total (t-Tau) and phosphorylated (p-Tau) Tau measures) have been included in the current research
criteria for “MCI due to AD” [6].

So, the first study about diagnostic category about “MCI due to AD”, was based on biomarker (Ab detected by PET and/or
CSF), suggestive for neuronal injury, as below indicated by the TABLE 1.

TABLE 1. Biomarker probability of AD etiology based on Ab detected by PET or by CSF examination, suggestive for
neuronal injury.

MCI criteria incorporating biomarkers

Biomarker

probability of AD
Diagnostic category etiology AP (PET or CSF) Neuronal injury (tau, FDG, sMRI)
MClI-core clinical Uninformative Conflicting/indeterminant/untested Conflicting/indeterminant/untested
criteria
MCI due to AD— Intermediate Positive Untested
intermediate
likelihood

Untested Positive

MCI due to AD—high Highest Positive Positive
likelihood
MCI—unlikely dueto  Lowest Negative Negative
AD

Abbreviations: AD, Alzheimer’s disease; AR, amyloid beta peptide; PET, positron emission tomography; CSF, cerebrospinal fluid; FDG.

fluorodeoxyglucose; sMRI, structural magnetic resonance imaging.

But it was necessary a decade to see as demonstrated an effective role of Amyloid PET TC (Amy-PET TC) in determining the

diagnosis of “MCI due to AD”, compared with other techniques (Ab in CSF or glucose metabolism in FDG PET TC).

The role and usefulness of cerebral Amy-PET TC compared to cerebral FDG PET TC has been recently confirmed as reported
in a paper of 2020 [7].
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This paper compares the role of Cerebrospinal fluid (CSF) amyloid marker with nuclear medicine techniques such as FDG PET
TC vs Amy-PET TC.

The conclusion of the paper is interesting: cerebrospinal fluid (CSF) AB42/AB40 ratio (ABR) better agrees with Amyloid PET
(Amy-PET) results compared to CSF AB42.

Not only. The use of FDG-PET and CSF-Tau markers in CSFABR+/Amy-PET- discordant cases can support AD diagnosis.
Disagreement between positive CSF ABR and negative Amy-PET in symptomatic aged AD patients could be due to the

variability in plaques conformation and a negative Amy-PET scan cannot be always sufficient to rule out AD.

A previous study (Rubi et al, [8]) confirmed a moderate level of concordance between FDG-PET and CSF biomarkers,
indicating their complementary value in diagnosing AD. So, the AR1.42 and pTau levels in CSF help to predict the patient FDG-
PET cortical metabolic status. The results derived from a retrospective review carried out on 120 patients affected by MCI,
evaluated by brain FDG-PET and a lumbar puncture for CSF biomarkers. In conclusion, this study confirmed that Cortical
posterior hypometabolism on PET imaging with F-FDG (FDG-PET), and altered levels of AR:.4, peptide, total Tau (tTau)
and phosphorylated Tau (pTau) proteins in cerebrospinal fluid (CSF) were established diagnostic biomarkers in Alzheimer's
disease (AD).

2. Obiject

But nowadays, nobody compares the intrinsic diagnostic power of FDG PET TC with Amy-PET when we have a patient
affected by a minor form of mild cognitive impairment (MCI), in a stage of prodromal neuro cognitive impairment, when
neuropsychological examination excludes not only impairment in activities of daily living (ADL) but also in instrumental
activities of daily living (IADL). This is a stage when, more often, cerebral FDG PET TAC still demonstrates a hormal

metabolism in the cortical areas of the brain.

We aimed to detect the role of cerebral Amy PET TC in determining the possible evolution from Neurocognitive and Mild

Cognitive impairment, when cerebral FDG PET TAC doesn’t notice an alteration in glucose metabolism.

3. Material And Methods

We studied four patients:

two affected by a prodromal neurocognitive impairment due to severe form of major depressive disorder, used as control, and
two affected by an initial frontal-dysexecutive neurocognitive disorder al neuropsychological test, without depression, still
autonomous, used as sample to study them in a phase characterized by cerebral FDG PET TAC negative, and MRI without

significative atrophies.

We use two patients affected by similar cognitive impairment because we want to obtain a homogeneous result.
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4, Results

In the first two patients, we did not detect, at neuropsychological evaluation, a significative impairment in cognitive functions.
They demonstrated elevated values at depression scale [Hamilton Depressione Rating Scale (HDR-S] data were normal in both
of them).

Cerebral FDG PET TC didn’t detect areas of reduced glucose metabolism. Cerebral Amy-PET TC did not detect deposition of

pathological amyloid plaques in the cerebral cortex.

These two patients, followed every six months, in the last two years did not change their cognitive functions, so they did not

evolve in AD. They are considered as affected by “pseudo-dementia major depressive disorders”.

It was interesting the preliminary study of the other two patients, without depressive symptoms.

They were not aware of the initial cognitive impairment faced by their relatives.

Their neuropsychological examination is in TABLE 2.

TABLE 2. Neuropsychological Examination of the Last Two Patients

MMSE (MINI MENTAL STATE CLOCK TEST FRONTAL ASSESSMENT
EXAMINATION) BATTERY (FAB)
27130 7/10 7/18 (*)
24/30 7/10 8/18 (*)

This table demonstrates a deficit in frontal lobe functions.

Only FAB test was alternated but, at clock test, although normal, in the sub items of it, both of them demonstrates theirselves

unable to pose the minute hands, for a deficit in abstraction.

At MRI of the brain, there were no significative atrophies (linear indexes were normal).

At FDG PET TAC of the brain, glucose metabolism was still normal also in frontal lobe (FIG. 1a and 1b).

The interesting data derived from Amy PET (FIG. 2 & 3) of the brain, that identified pathological deposition of amyloid

electively in pre-frontal cortex.
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FIG. 1a. SPECT DAT SCAN negative in first patient.

FIG. 1 b. FDG PET TAC negative in first patient.
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FIG. 2. First patient: PET TAC with Vizamyl, positive both in cortical and in subcortical areas.
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FIG. 3. First patient: PET TAC with Vizamyl, positive both in cortical and in subcortical areas.

5. Discussion

This preliminary study let us to consider cerebral Amy PET TC very useful in a prodromic phase, named neurocognitive

impairment, when the patient demonstrates, at neuropsychological test, a situation similar to “aging brain”.
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NEUROCOGNITIVE CHANGES IN AGING. Aging brain is charaterized by cognitive change as a normal process of aging.
Some cognitive abilities, such as vocabulary, are resilient to brain aging and may even improve with age. Other abilities, such
as conceptual reasoning, memory, and processing speed, decline gradually over time. There is significant heterogeneity among
older adults in the rate of decline in some abilities, such as measures of perceptual reasoning and processing speed [9]. It’s
characterized by a frontal lobe dysfunction, with impairments in abstraction, organization, problem solving, learning, attention
in a patient still autonomous in ADL and IADL. Several of these patients still drive their car. Also, neuroimaging of Aging
Brain is normal [10], even if, in aging brain evolving in Neurocognitive ad Mildo Cognitive impairment, it’s possibile to detect
a particular atrophy in prefrontal cortex [11].

In the FIG. 4, we see the possible atropic areas.

We know, from literature, that almost half of them evolve in Neurocognitive impairment, and the major of these, in Mild
Cognitive Impairment (MCI), in its different variants (a-MCI if amnesic; m-MCI if multi-domain; f-MCI if behavioural
impairment is prevalent). Among MCI patients, almost half of them evolves in neurodegenerative dementias (not only AD) in
a time frame of two years [12].

So, it’s very important to identify, with these new techniques, the Neurocognitive and Mild Cognitive impairments with

evolutionary character, to start a therapy aiming to slow down the evolution at the final stage of dementia, when patients are
obliged to bed and in the throes of Neuropsychiatric Disorder (NPS).

Anterior cingulate cortex Somotosensary corfex

Orbétofrontal corfex

Temporol lobe

FIG. 4. Prefrontal cortex (orbitofrontal, dorsolateral frontal, and frontopolar regions) : atrophy is associated with
deficits in executive function, working memory and increase perseveration [11]. Keep the arrows and the lables
Dorsolateral prefrontal cortex and Orbitofrontal cortex. On top of the arrows on the left hand side include term:

prefrontal corte. Modified from Dickson et al, [13].
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6.

Conclusions

Cerebral Amy PET let us identify, in a prodromic phase, when FDG PET TC was still normal, the aging brain evolved in

Neurocognitive and Mild Cognitive Impairment. This anticipation let us treat the patients almost two years before the evolution

in dementia, and this let the patients live a better residual life, with a better quality of life, more preserved autonomies (both in
ADL and IADL) and with a better control of Neuropsychiatric Syndromes (NPS).

These results also let us understand the pathogenetic role of b-amyloid in evolution from MCI to dementia and so, in the next

future, when monoclonal antibodies against beta amyloid will be approved by FDA, to treat these patients with them, in order

to stop the evolution of these neurodegenerative pathologies.
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