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ABSTRACT

BACKGROUND: Dementia is considered one of the most actual medical problems of our time, being one of the main causes of
disability among the elderly, and its prevalence will only increase in the coming years. The first place among conditions leading
to dementia is given to Alzheimer’s disease (up to 70%). The effectiveness of Alzheimer's disease therapy largely depends on
the timeliness of diagnosis, which leads to the need to search for diagnostic markers that allow to detect the disease at the
earliest stages.

AIM: To evaluate the possibilities of using '®F-FDG PET for the early diagnosis of Alzheimer's disease.

MATERIALS AND METHODS: Cerebral metabolism was assessed using positron emission tomography with '®F-FDG. A total of
183 patients were divided into groups depending on their diagnosis and the severity of cognitive impairment.

RESULTS: A characteristic pattern of cerebral metabolic disorders has been established in patients with Alzheimer's disease.
It can be detected in the early pre-dementia stages and has developmental features as the disease progresses. The pattern was
characterized by bilateral hypometabolism in the parietal and temporal cortex with a predominance in its mediobasal sections.
An important marker of the development of the neurodegenerative process was a metabolic disorder of the cingulate gyrus,
the posterior sections of which are affected already at the earliest stages of the disease, while the involvement of its anterior
sections reflects the transition to the stage of severe dementia. Described metabolic disorders prevailed in the dominant (left)
brain hemisphere at all stages of the disease.

CONCLUSION: Currently '®F-FDG PET can be considered the most informative of the available methods for the early diagnosis
of Alzheimer’s disease which have a fairly high degree of accuracy.

Keywords: Alzheimer’s disease; cerebral metabolism; cognitive disorders; dementia; neuroimaging; positron emission to-
mography; mild cognitive impairment.
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AHHOTALMA

AxTtyanbHocTb. [leMeHUMA — 3T0 0[jHa U3 CaMbIX BaXHbIX 1 aKTyabHbIX MeJULMHCKIX Npo6sieM COBPEMEHHOCTM, MOCKOJBbKY
0YeHb YacTo ABNSETCSA MPUYMHON MHBANMAM3ALMW NULL NOXMION0 BO3PacTa, a ee pacnpocTpaHeHHOCTb B bnmkaliwve rofpl
ByneT ToMbKO YBENMUMBaATLCS. [lepBoe MECTO CPefin COCTOSIHMIA, MPUBOASALLMX K AEMEHLMM, 3aHUMaeT 6onie3Hb AnbureiiMepa
(no 70 % Bcex neMeHumi). 3dhEKTMBHOCTL €e Tepanuu BO MHOTOM 3aBMCUT OT CBOEBPEMEHHOCTW MOCTAHOBKW AMarHo3a,
YTO NPUBOAUT K HE0OXOAMMOCTM NOMCKA AMArHOCTUHECKMX MapKepoB, MO3BONSIOLLMX BbIABNATL 3ab01eBaHNE Ha MaKCUMaTb-
HO PaHHWX CTagusAX.

Llenb MccnepnoBaHms: OLEHNTL BOMOKHOCTM NMPUMEHEHNS MO3UTPOHHO-3MUCCUOHHOI ToMorpadmm ¢ '8F-O[II B auarHocTuke
3aboneBaHuiA, CONPOBOXAILLIMXCSA PAa3BUTUEM PACCTPOMCTB BbICLUMX KOPKOBbIX QYHKLMIA, M LienecoobpasHocTb UCMofb30Ba-
HWUS METOAA B LieNsX paHHen auarHocTuky bonesnn AnbureiiMepa.

Marepuanbl u MeTogpl. [IpoBesieHO KoMMeKCHoe 0bcnesoBaHne 183 nauneHTOB € pa3HOii HO30J10MMEN U CTEMEHBIO TAXECTH
KOrHUTMBHOrO Aeduumta. Metabonmsm pasHbix OTAEI0B FOJIOBHOMO MO3ra M3yyasicsi NOCPeACTBOM MO3UTPOHHO-3MUCCUOHHOIA
Tomorpadum ¢ "*F-O/IT, coBMeLLIeHHOI C KOMMbIOTEPHON TOMOrpaduei.

Pe3ynbTathl. YcTaHOBNEHO, YTO Y MauMeHTOB ¢ 6onesHbio AnbLreiiMepa UMeeTCS XapaKTepHblid MaTTepH HapyLUeHus Liepe-
BpanbHoro Metabonuama, BbISBASEMBIN YXKe HA LOAEMEHTHbIX CTAAMAX, KOTOPbIA UMEET onpefeneHHble 3aKOHOMEPHOCTH
pa3BUTMS N0 Mepe NporpeccupoBaHus 3aboneBaHus. [laHHbI NaTTepH XapaKTepusyeTca bunatepanbHbiM rMnoMeTabonmus-
MOM B 00/1aCTV TEMEHHOMN U BUCOYHOW Kopbl C NpecbniagaHneM B MeamobasanbHbiX ee 0TAenax. BawHbiM MapKepoM pas-
BUTUS HEMPOLEreHepaTUBHOIO NpoLiecca SBAAETCA HapyLueHue MeTabosiM3Ma NOSICHOW M3BUNMHBI, 3a[iHWUE OTAESbl KOTOPOiA
CTPaAaloT YKe Ha CaMblX paHHWX CTagumsx 3aboneBaHus, TOrfa Kak BOBNEYEHWEe MepefHNX ee OTAEN0B OTpaKaeT Nepexos
Ha ypoBeHb bonee TAxenoro KorHutueHoro feduumra. KpoMe Toro, B AMHaMuKe pa3BuTUA 3aboneBaHust JOMONHUTENBHO
PErucTpMpyeTcs BTOPUYHBINA MMNOMeTabosn3M B 3aTbiSIOYHON KOpe, NOSICHOM M3BMMHE (BCe 0TAenbl) U No6Hoi Kope. OTme-
YeHa TEHAEHUMA K NpeobiafaHuio onucaHHbIX METaboMYeCKUX HapyLUEHMI B JOMUHAHTHOM (1eBOM) NOMTyLIApUV FOI0BHOMO
MO3ra Ha BCeX CTagumsax 3aboneBaHus.

3aknoueHue. BoisiBneHWe onpefesieHHOro naTTepHa rmnomMeTabonmaMa ¢ NoMOLLbI NO3MTPOHHO-3MUCCUOHHOW TOMOrpaduu
¢ '8F-®[N, coBMELLEHHO C KOMMbBIOTEPHOI TOMOrpadueit, AaeT BO3MOXKHOCTb OCYLLECTBATL PaHHIOKN AMQdepeHLMabHYIo
AVarHocTuKy 6onesHu AnbureliMepa C [OCTaTOYHO BbICOKOM TOYHOCTbBIO, MPU 3TOM MO3UTPOHHO-3MUCCUOHHAs ToMorpadus
¢ '8F-O[r aensetcs Hanbonee MHOOPMATMBHON U3 LOCTYMHBIX ANA MPAKTUYECKOTO MCMOJb30BaHUA METOAMK, OTPaaloLLMX
HayanbHbIA 3Tan HelipoJereHepaTMBHBIX M3MEHEHMI.

Kniouesble cnoBa: 6onesHb AnbureiiMepa; AeMeHUMS:; KOTHUTMBHbIE PAacCTPOWCTBA; HeWpOBU3Yann3auus; Mo3UTPOHHO-
3MUCCHUOHHas ToMorpadms; LepebpabHblii MeTabonaM; yMepeHHOe KOrHUTUBHOE PacCTPONCTBO.
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BACKGROUND

The growing prevalence of dementia-causing diseas-
es is one of the most urgent medical challenges nowa-
days. According to the World Health Organization, there
are 55 million patients with dementia worldwide, with
approximately 10 million new cases reported each year.
At the same time, the older and senile population is
steadily growing, which will undoubtedly increase the
incidence and prevalence of dementia. This is supported
by existing data on the incidence of dementia, accounting
for 1 per 100 cases per year in patients aged 6570 years
and 4 per 100 cases per year in patients over 80 years [1].
The incidence of predementia syndromes in patients over
65 years is approximately 20% [2].

According to numerous epidemiology studies, Alz-
heimer’s disease (AD) account for 60%-70% of all cases
of dementia in older patients. The mean predicted risk of
AD in patients over 85 years is 10%—11% for males and
14%-17% for females.

AD is typically defined as a chronic neurodegenerative
disease with a gradual, concealed onset in the presenile
or senile age and progressive deterioration of memory
and other cognitive functions, resulting in dementia with
a distinct complex of neuropathological, neuroimaging,
and biochemical signs [3].

The criteria proposed in 1984 by the National Institute
of Neurological Disorders and Communicative Disorders
and Stroke (NINCDS) and the Alzheimer’s Disease and
Related Disorders Association (ADRDA) (NINCDS-ADRDA)
are currently used for the diagnosis of AD [4]. These cri-
teria provide for making a “possible” or “probable” diag-
nosis of BA. A definite diagnosis can only be made after
a neuropathological assessment with the determination
of typical disease markers.

When applying these criteria, the presence of dementia
syndrome is critical, which does not take into account the
early stages of AD. At the same time, characteristic patho-
logy findings have been identified, which can be detected
during all stages of the disease, including predementia
and even presymptomatic stages. These include amyloid
beta (AB) accumulation and abnormal tau changes with the
formation of neurofibrillary tangles, resulting in impaired
synaptic transmission and subsequent neuronal death.

In 2011, an expert panel from the National Institute
on Aging (NIA) and the Alzheimer’s Association (AA) pro-
posed a clearer demarcation between clinical manifes-
tations and underlying pathomorphological and patho-
physiological mechanisms of the disease [5]. A concept
of early biomarker-based diagnosis of AD has been de-
veloped, allowing for intravital detection of typical patho-
physiological signs reflecting pathology findings char-
acteristic of AD. The diagnostic criteria were reviewed
in 2018, supporting the neurobiological approach to AD
classification based on existing biomarkers [6].
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The most valuable biomarkers for early AD diag-
nosis have been identified. These include the following
main categories (ATN algorithm): 1) A: signs of amyloi-
dosis (amyloid deposits in the brain on positron emis-
sion tomography (PET) with corresponding ligands and
decreased AB42 levels in the cerebrospinal fluid (CSF);
2) T: signs of impaired tau protein structure (tau protein
accumulation on PET with corresponding ligands and in-
creased phosphorylated tau levels in the CSF); 3) N: signs
of neurodegeneration (increased total tau levels in the
CSF and regional hypometabolism on 18F-fluorodeoxy-
glucose PET ["®F-FDG PETI]) and signs of brain atrophy
on MRI [6]. It was proposed to make the diagnosis of AD
if amyloidosis and taupathy markers are detected, even
in the absence of clinical signs. Moreover, the potential
for expanding these categories is considered, as well as
the introduction of new biomarker groups: inflammation,
synuclein, and vascular (I, S, and V, respectively).

The International Working Group (IWG) also presented
new criteria in 2007, which were subsequently reviewed
in 2010, 2014, and 2021. In contrast to the NIA-AA cri-
teria, the diagnostic value of a biomarker should be in-
terpreted only in the presence of a corresponding clinical
phenotype (phenotype positive AD) [7].

These innovations modified the understanding of AD,
shifting the concept from a clinical pathomorphological
to neurobiological condition, which allows the disease to
be confirmed during the mild cognitive impairment (MCI)
stage.

Predementia stages are currently gaining greater atten-
tion due to the high risk of progression during early stages
of AD, as well as the potential higher efficacy of therapy
prior to the onset of dementia. In real-world clinical prac-
tice, the annual rate of MCI progression to dementia is
5%-20% [8]. Amnestic MCI has the least favorable prog-
nosis, with a progression rate up to 40% within 5 years.
The polyfunctional damage (episodic memory impairment
with a concomitant deficiency in another domain, with
frequent visuospatial, regulatory, or speech impairments)
has an additional impact [9]. The presence of positive bio-
markers can increase the risk of progression by 11 times
compared to the absence of positive biomarkers [10].

The findings of the long-term observational study Alz-
heimer’s Disease Neuroimaging Initiative (ADNI) allowed
identifying the most valuable biomarkers in each catego-
ry (ATN). These include the following: A: AB 42/40 ration
in the CSF; T: tau protein accumulation on PET with tau
ligands; N: hypometabolism on '®F-FDG PET [11].

Unfortunately, only a few facilities in Russia current-
ly have the capacity to detect CSF biomarkers, and PET
with amyloid and tau ligands is expensive. Thus, '*F-FDG
PET, which allows for minimally invasive assessment of
metabolic activity in various brain structures, can be con-
sidered the most available neurodegeneration marker,
which is of both scientific and practical interest [12, 13].
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Researchers of the Department of Nervous Diseases
of the Military Medical Academy performed a series of
studies to assess the efficacy of '8F-FDG PET in the early
differential diagnosis of cognitive impairments of various
origin [14-16].

Study aim: to assess the efficacy of '®F-FDG PET in
the differential diagnosis of various conditions associ-
ated with cognitive impairments. Based on the prelimi-
nary findings, the study aim was expanded to include an
assessment of the method’s potential application in the
early diagnosis of AD.

MATERIALS AND METHODS

A total of 183 patients were included in the study at
various stages. Of these, 55 had AD, 58 had various phe-
notypes of vascular dementia, 21 had mixed dementia,
25 had amnestic MCI, and 24 had dysregulatory MCI.

The criteria proposed by Petersen (2005) were used
for the diagnosis of MCI. Dementia syndrome was con-
firmed using the criteria of the International Statistical
Classification of Diseases and Related Health Problems,
10th edition (ICD10) [17]. The type of dementia was de-
termined using the NINCDS-ADRDA criteria for Alzheim-
er-type dementia and the NINDS-AIREN criteria for
vascular dementia [4, 18]. The severity of cognitive im-
pairment was assessed using the Clinical Dementia Rating
(CDR).

The studies were performed in the Military Medical
Academy using the Biograph PET/CT scanner (Siemens,
Germany) and in the Russian Research Center of Radiol-
ogy and Surgical Technologies using the Ecat Exact 47
and Ecat Exact HR+ scanners (Siemens, Germany). The
brain metabolic activity was assessed using the 2-de-
oxy-2[18F]fluoro-D-glucose radioligand (half-life: 110
minutes; volume activity: 300-700 MBg/mL). Standard
preparation for the study included a 6-hour fasting and
control blood glucose measurement. The radioligand was
administered intravenously at a dose of 100 MBg/m?
body surface area. A PET/CT protocol with a total time of
10 minutes was used.

Data post-processing involved a quantitative mea-
surement of the radioligand standardized uptake va-
lue (SUV). Data post-processing was performed according
to the standard procedure and included the calculation of
the ratios of radioactivity parameters in the examined
area to the symmetrical area of the contralateral hemi-
sphere and the mean cortical activity. The examined are-
as included the cerebral cortex, hippocampal formation,
anterior cingulate gyrus, posterior cingulate gyrus, and
subcortical structures, including the thalamus and basal
ganglia. The resulting ratios were presented as percent-
ages. Changes in the metabolic activity that exceeded
10% of the mean cortical metabolism were considered
diagnostically significant.
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RESULTS

The first stage of the study identified the basic pat-
tern of metabolic disorders characteristic of AD, which
includes three forms:

1) A symmetrical decrease in parietotemporal cortex
metabolism in both hemispheres;

2) A symmetrical decrease in parietotemporal cortex
metabolism in both hemispheres, most prominent in the
hippocampal plane;

3) A diffuse decrease in cerebral cortex metabolism.

At all stages of the disease, the most severe hypo-
metabolism was observed in mediobasal areas of the
temporal lobes, as well as in the hippocampal forma-
tion. Significant differences were observed when as-
sessing radiopharmaceutical uptake in the parietotem-
poral cortex relative to other brain structures, as well
as when comparing with vascular cognitive impairments.
The posterior cingulate gyrus was another diagnostically
valuable area, with significant differences in metabolic
disorders [16].

Moreover, the metabolic activity of various cingulate
gyrus portions depending on the severity of cognitive
impairments was assessed. Given a sufficient number
of observations, several distinct patterns of metabolic
changes in the cingulate gyrus were identified. It was
found that mild and moderate Alzheimer-type dementia
stages are associated with decreased radioligand uptake,
primarily in the posterior portions, while severe dementia
is characterized by hypometabolism in all portions of the
cingulate gyrus [14].

In mild Alzheimer-type dementia, the most severe
decrease in metabolism is observed in the hippocampal
plane. The progression of cognitive deficiency was asso-
ciated with a further decrease in parietotemporal cortex
metabolism, which was symmetrical and relatively selec-
tive compared to other examined areas (Figure 1).

Decreased metabolic activity in the anterior cingulate
gyrus was only observed in severe Alzheimer-type de-
mentia, accompanied by hypometabolism in the occipital
cortex, indicating further progression of neurodegenera-
tion (Figure 2).

Thus, steady progression of neurodegeneration in AD
patients causes a further bilateral decrease in parieto-
temporal cortex metabolism, a decrease in metabolic ac-
tivity in the posterior cingulate gyrus, and the formation
of new hypometabolism areas (anterior cingulate gyrus,
frontal cortex, and occipital cortex) [14].

The first stage of the study confirmed the metabolic
activity profile in patients with mild Alzheimer-type de-
mentia, indicating the likelihood of similar changes al-
ready during the predementia stage.

The second stage of the study assessed metabolic ac-
tivity in patients with amnestic MCI. It was found that this
stage of cognitive deficiency is already associated with
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decreased radioligand uptake in the hippocampal for-
mation, temporal cortex, parietal cortex, frontal cortex,
cingulate gyrus (bilaterally), or dominant hemisphere.
The decrease in metabolic activity was more pronounced
in the temporal lobes, particularly in hippocampal struc-
tures [16]. In contrast to the findings of metabolism
assessment in patients with Alzheimer-type dementia,
hypometabolism was more severe in the corresponding
areas of the dominant (left) hemisphere (25%). Moreover,
a unilateral (left-side) decrease in metabolic activity was
relatively common (32%) [16].

Thus, the comparative analysis revealed character-
istic features of the progression of neurodegenerative
changes in AD. During the predementia stage (MCI stage),
metabolic activity decreases in the hippocampal forma-
tion, temporal cortex, and posterior cingulate gyrus, with
more pronounced changes in the dominant hemisphere.
The progression of cognitive impairments is associated
with increased hypometabolism in the aforementioned
structures, as well as the development of metabolic dis-
orders in the anterior cingulate gyrus, parietal cortex,
and frontal cortex [16].

Vol.43 (&) 2024

Russian Military Medical
Academy Reports

DISCUSSION

There have been significant advancements in the dif-
ferential diagnosis of cognitive impairments. A compre-
hensive approach involving various examination meth-
ods (clinical, neuropsycological, laboratory, imaging,
and neuroimaging) makes it possible to determine the
type of cognitive impairment already in the early stages.
Functional neuroimaging is of special interest, because
this method allows detecting perfusion and metabolism
disorders in various brain structures during the cognitive
deficiency stages, where conventional techniques (CT and
MRI) have lower sensitivity and specificity [15]. Intravital
assessment of the brain metabolic activity has recently
become available. It is performed using proton mag-
netic resonance spectroscopy, providing for a quantita-
tive measurement of the key metabolite levels in various
brain structures, and PET/CT to assess changes in the
'8F-FDG radioligand uptake. According to the literature
and our own experience, '®F-FDG PET is currently the
most effective intravital imaging technique in terms of
critical biological and physiological responses, as well

Fig. 1. Alzheimer's disease, mild dementia: impaired accumulation of '®F-FDG in the projection of the parietal, temporal lobes, hippo-

campus, posterior cingulate gyrus

Puc. 1. BA, nerkas nemeHums: Hapylwenue HakonneHus '°F-O[l B NpoeKUMN TeMEHHBbIX, BUCOUHBIX [0MEid, MMNMNOKaMMoB, 3aHero

0TAeNa NosACHOM U3BWMHDI

Fig. 2. Alzheimer’s disease, severe dementia: pronounced metabolic disorders in the parietal, temporal lobes, hippocampus on both sides,

anterior and posterior cingulate gyrus

Puc. 2. BA, Taxenas neMeHuus: BblpaX€HHOe HapyLleHne MeTabosM3Ma B TeMEHHbIX, BUCOYHBIX AO0NIAX, TMMMNOKaMnax ¢ 00emnx CTOPOH,

nepenHeMm u 3agHeM otaenax MOSICHO U3BUNWHBI

DA https://doi.org/ 1017816/ rmmar636520
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as pathophysiological processes in the brain, such as
metabolic activity, substance transport, ligand-receptor
interactions, gene expression, etc. [19].

Post-processing of '8F-FDG PET findings revealed
several patterns of brain metabolic activity changes dur-
ing various cognitive deficiency stages in Alzheimer-type
dementia, which is consistent with the findings of other
studies. According to several foreign authors, a decrease
in metabolic activity in the hippocampal formation and
posterior cingulate gyrus can serve as an AD biomarker
with sufficient sensitivity and specificity [20, 21]. Bi-
lateral temporal and parietal hypometabolism was the
predominant pattern of metabolic disorders. Metabolic
activity disorders observed during the predementia stage
(amnestic MCI) generally corresponded to changes char-
acteristic of AD during the dementia stage. Moreover, a
clear relationship was discovered based on the compara-
tive assessment of metabolic activity parameters in brain
structures most significant for Alzheimer-type dementia
(mediobasal areas of the temporal lobes, including the
hippocampus) and neuropsycological examination find-
ings with a detailed assessment of memory functions.
The discovery of metabolic disorders in the posterior
cingulate gyrus during the early AD stages, including
predementia stages, was both intriguing and clinically
relevant. Many authors consider this phenomenon a suf-
ficiently specific sign of AD [22].

Moreover, according to the literature, '8F-FDG PET de-
tects functional changes in brain metabolism in patients
at high risk of AD, even in the presymptomatic stage.
Metabolic disorders similar to those in AD were observed
in asymptomatic carriers of mutations in the amyloid pre-
cursor protein gene, presenilin gene, and APOE-¢4 al-
lele, as well as in patients with a family history of AD
[23-25]. Changes in metabolic activity can be detected
more than 15 years before the onset of first clinical
symptoms [26].

Thus, a decrease in glucose metabolism in mediobasal
areas of the temporal lobes, including the hippocampus,
and the posterior cingulate gyrus can be considered an
early clinically significant sign. The severity of hypome-
tabolism corresponds to the severity of memory impair-
ment. The course and progression of metabolic disorders
can reflect the progression of neurodegeneration in AD,
which starts in posterior brain structures and gradually
involves anterior structures.

A decrease in metabolism according to "®F-FDG PET
findings in the most accurate and early sign among
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CONCLUSION

Based on the literature review and the analysis of our
own study findings, we can conclude that '®F-FDG PET is
a promising method for the early diagnosis of Alzheim-
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etal cortex is the primary biomarker of brain metabolic
activity in AD during the predementia stages. The detec-
tion of a specific hypometabolism pattern using "®F-FDG
PET/CT allows for the early differential diagnosis of AD
with sufficient accuracy. Moreover, '®F-FDG PET is the
most informative technique available in clinical practice,
reflecting the initial stage of neurodegenerative changes.
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