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Abstract
Purpose  We aim to present and critically evaluate the use of FDG-PET in the differential diagnosis between dementing 
conditions including Alzheimer disease (AD), frontotemporal dementia (FTD) and its variants, vascular dementia (VaD) 
and pseudodepressive dementia.
Methods  This review is based on the available consensus recommendations for the use of FDG-PET and current clinical 
diagnostic criteria. In addition, we updated these reviews with relevant publications in the field after conducting a literature 
search during the last 5 years through predefined keyword strings relating to the specific terms related to the diseases covered 
in this review and a common part (‘FDG-PET’).
Results  Neurodegenerative disease are complex groups of several forms of dementia and their clinical diagnostic criteria 
are progressively incorporating imaging biomarkers as a supporting tool. The role of FDG-PET is currently increasing as 
part of the clinical practice supporting the clinical diagnosis of AD (at both mild cognitive impairment—MCI—and early 
dementia stages), FTD and its variants, as well as VaD and pseudodepressive dementia. The pattern of AD is well defined 
and its negative predicted value may help the differential diagnosis when comorbidities like vascular disease or depression 
are present. However, the formal evidence supporting the use of FDG-PET is reasonable for MCI due to AD, and the dif-
ferential diagnosis between FTD and AD, but lacking for the remaining clinical uses. Interestingly, the evidence provided 
during the last years reinforces these recommendations and gives additional clues about the usefulness of semiquantitative 
methods in addition to visual reading.
Conclusion  The large experience accumulated using FDG-PET for the differential diagnosis of the main conditions with 
dementia has been translated into more formal evidence to support its clinical use. Although FDG-PET form currently part 
of the clinical practice in many countries, there is still a lack of studies using standardized analysis that confirm specific 
patterns at individual level.

Keywords  18F-FDG · PET · Differential diagnosis · Mild cognitive impairment · Alzheimer’s disease · Frontotemporal 
lobar degeneration · Primary progressive aphasia · Vascular dementia · Pseudodementia

Introduction

18F-Fluorodeoxiglucose (FDG) enables the evaluation 
of changes in synaptic glucose consumption that occur in 
response to neuronal dysfunction secondary to pathological 
phenomena, even before cell death and atrophy take place [1, 
2]. FDG was one of the first radiotracers used for brain PET 
scans and currently is the most available PET radiotracer 
worldwide.

The large experience accumulated using FDG-PET led 
the scientific societies and working groups to include this 
topographical biomarker of neuronal injury as a main or 
supportive feature in the clinical diagnostic criteria of many 
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neurodegenerative conditions associated with dementia. 
Therefore, FDG-PET is integrated in the diagnostic workup 
of dementing disorders in different countries [3]. However, 
until recently, comprehensive clinical guidelines or recom-
mendations on when and why to use FDG-PET in neuro-
degenerative diseases were not available. The European 
Association of Nuclear Medicine (EANM) and the European 
Academy of Neurology (EAN) agreed to launch a joint ini-
tiative providing guidance to clinicians on the indications for 
the brain FDG-PET. The initiative included a set of clinical 
questions to be addressed based on literature evidence (last 
update November 2015) and expert consensus [4].

Current proposed diagnostic criteria for Alzheimer’s Dis-
ease (AD) [5, 6], considered the disease as a "continuum”. It 
starts with a preclinical phase during which the physiopatho-
logical processes inherent to AD are already present, fol-
lowed by an early symptomatic phase named prodromal or 
mild cognitive impairment (MCI) stage [7], and ultimately, 
the phase of dementia that represents a late stage of the dis-
ease. Clinical diagnosis of AD can raise doubts in special-
ists and patients’ minds, mostly at the MCI or prodromal 
stages, but also in the dementia stage. These are essentially 
cases that conform to a diagnosis of possible AD (NIA-AA 
criteria) [5] or atypical (IWG-2 criteria) [6] or mixed AD 
(IWG-2 criteria). Such cases include patients in whom AD 
is clinically suspected but whose onset pattern is not typical 
(acute start, prolonged stable course), or there is suspected 
co-pathology like vascular or Lewy Body Dementia (LBD). 
Atypical AD criteria from the IWG-2 refer to atypical AD 
clinical presentations (frontal, logopenic aphasia or posterior 
cortical presentations), whereas in IWG-2 mixed AD, the 
patient fulfils both AD criteria and the criteria for the coex-
isting disease that is contributing to the cognitive condition 
(vascular pathology, LBD). In this context, it is worth noting 
that the clinical diagnostic criteria recognize the importance 
of biomarkers in the diagnosis of AD. Moreover, the present 
consensus criteria for the clinical diagnosis of the behav-
ioural and language variants (non-fluent aphasia, semantic 
dementia and logopenic aphasia) of frontotemporal dementia 
(FTD) include neuroimaging biomarkers as supplementary 
criteria [8, 9].

The use of structural imaging, computed tomography 
(CT) or magnetic resonance imaging (MRI), form part of the 
initial approach for the assessment of patients with cogni-
tive impairment. They can rule out secondary causes (vascu-
lar, tumour, etc.), and enable the evaluation of the neuronal 
lesion based on the degree of atrophy (particularly of medial 
temporal atrophy), which correlates with the neuropatho-
logical findings, and with the severity and progression of the 
disease. However, their sensitivity for the diagnosis of the 
initial phases of AD is lower than that of FDG-PET evalu-
ation of the neuronal lesion, amyloid PET-based assess-
ment of amyloid burden, or neuronal perfusion by means 

of perfusion single-photon emission computed tomography 
(SPECT) [10]. The introduction of FDG-PET into the clini-
cal practice has gradually led to the replacement of perfu-
sion SPECT, considered now to be of value in the new AD 
criteria when PET is not available [11]. Consequently, brain 
FDG-PET imaging is usually prescribed to patients with 
clinically well-characterized cognitive impairment but still 
with an uncertain origin despite having conducted standard 
complementary tests (structural neuroimaging, blood analy-
sis and other tests). In this scenario, FDG-PET can help to 
rule out or confirm the clinical suspicion of AD, and to aid in 
the differential diagnosis between AD and other conditions 
associated with dementia (Fig. 1).

In this review, we aim to comment the recently published 
recommendations for the use of FDG-PET emerged from the 
EANM/EAN taskforce in the context of the clinical diag-
nostic guidelines currently available, and to conceptualize 
further based on the latest evidences published in the field of 
the differential diagnosis among the main forms of dementia, 
specifically AD, FTD, vascular dementia (VaD), and depres-
sive pseudodementia.

Search strategies and results

The literature search performed for this review (last update 
on January 2020) included the databases PubMed (https​
://www.ncbi.nlm.nih.gov) PMC, Google Scholar, Med-
line using predefined keyword strings for each of the main 
topics covered. As FDG-PET was common to all topics, 
the following string was added at the end: AND (((“Posi-
tron emission tomography”[Title] OR “Cerebral positron 
emission tomography” [Title] OR “PET” [Title]) AND 
(“Fluorodeoxyglucose” [Title] OR “FDG”[Title] OR 
“glucose metabolism”[Title] OR “Cerebral metabolic rate 
of glucose”[Title] OR “Metabolism”[Title] OR “meta-
bolic activity”[Title] OR “metabolic networks”[Title] OR 
“Hypometabolism”[Title])) OR (“FDG PET”[Title] OR 
“FDG-PET”[Title] OR “18F-FDG PET”[Title])) NOT 
review.

The resultant search was limited to the last 5 years, origi-
nal articles, English language and humans. Finally, publica-
tions that were outside the focus of this review were also 
excluded.

For the MCI and AD we combined the following strings: 
(“MCI” OR “Mild cognitive impairment” OR “prodromal” 
OR conver*) AND “Alzheimer”). We found 48 publica-
tions, of which 13 papers were excluded. Nine were related 
to other conditions not covered in this review, three were 
methodological studies for imagine processing and one was 
a review article.

As for atypical AD (AD variants), we used the follow-
ing strings: (“Alzheimer” OR “dementia”) AND (“atypical” 

https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov
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OR “focal” OR “posterior” OR “logopenic” OR “frontal 
variant”), obtaining a 40 publications. Nevertheless, we 
excluded 16 papers, because they were related to other con-
ditions not covered in this review (10), include only techni-
cal issues (3), low number of subjects or related to other 
radiotracers (3).

We divided the searching for FTD in three blocks, one 
general and two specific for the differential diagnosis with 
AD, and the PPA. Initially, we used “FTD” OR “FTLD” 
OR “frontotemporal” OR “fronto-temporal” resulting in 
37 publications, but only 4 included more than 15 subjects. 
Secondly, we used “Alzheimer” AND (“FTLD” OR “FTD” 
OR “frontotemporal” OR “fronto-temporal”) AND “differ-
ential diagnosis”, and found three publications but only one 
directly related to the pursued topic. Finally, when used “Pri-
mary progressive aphasia” AND (“logopenic” OR “progres-
sive nonfluent aphasia” OR “progressive non-fluent aphasia” 
OR “semantic” OR “agrammatic”) AND “differential diag-
nosis”, no additional publications were found.

The search conducted for differential diagnosis between 
AD and vascular dementia consisted on “Alzheimer” AND 
(“Vascular” OR “subcortical” OR “small vessels disease”) 
AND “differential diagnosis”. We found five papers, but 
three were excluded because were reviews and one because 
only included amyloid PET.

Lastly, when including (“depression” AND neurodeg*) 
AND (“disease” OR “disorder”)) OR (“pseudo-dementia” 
OR “depressive pseudo-dementia”), we did not find any 

additional publication during the last 5 years. Consequently, 
we tried a more general search including only “cognitive 
impairment” and “depression”, resulting in three publica-
tions but we exclude one because it was related to Parkinson 
disease.

Differential diagnosis of mild cognitive 
impairment (MCI) and its association 
with Alzheimer disease (AD).

MCI is a syndrome defined by an objective cognitive decline 
according to the individual’s age and educational back-
ground. Subjects with MCI are characterized by mild dif-
ficulties when performing complex tasks that they used to 
perform easily. Nevertheless, they do not show deterioration 
in daily living activities, although they sometimes require 
minimal aid or assistance [7].

Subjects with MCI can evolve over time in different ways: 
remain stable, progress to AD or other type of dementia, or 
even reverse to normality [12]. It is important to note that 
individuals with MCI can be classified into two categories: 
amnestic MCI (a-MCI) if performance on neuropsycho-
logical tests of episodic memory is poor, and non-amnestic 
MCI (na-MCI) if they have impairments in other cognitive 
domains different to memory (attention, executive function, 
language and visuospatial skill). In addition, there may be 
involvement of a single domain or several domains [13].

NEUROLOGICAL, NPS and 
MRI EVALUATION

AD

Typical AD Atypical AD

Visuospatial 
PCA Language

FTD

bvFTD

PPAphasia

Logopenic Non-Fluent Semantic

Vascular D Depressive 
PseudodementiaDLB

Frontal

Fig. 1   Differential diagnosis among the main forms of dementia 
after neurological, neuropsychological assessment (NPS) and MRI 
evaluation. AD Alzheimer’s disease; DLB Dementia with Lewy bod-

ies; FTD Fronto-temporal dementia; Vascular D Vascular Dementia; 
bvFTD behavioural variant FTD; PPAphasia Primary Progressive 
Aphasia; PCA Posterior Cortical Atrophy
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The National institute on Aging-Alzheimer’s Associa-
tion Workgroup (NIA-AA) proposed clinical diagnostic 
criteria for MCI due to AD, including biomarkers that pro-
vide greater diagnostic certainty [7]. FDG-PET form part of 
the group of neuronal injury imaging biomarkers. Impaired 
activity in AD is evident as reduced FDG-PET uptake pre-
dominantly in temporo-parietal association areas, including 
the precuneus and posterior cingulate [12, 14]. To date, most 
studies have investigated which pattern of MCI is related to a 
higher risk of progressing to dementia. Chételat G et al. [15] 
found that converters had a significantly lower FDG-PET 
uptake than non-converters in the right posterior associa-
tion cortex, whereas the posterior cingulate gyrus afforded 
only marginal differentiation. Drzezga A, et al. [16], stud-
ied the relation between FDG-PET and APOE genotype to 
predict progression to dementia. Affected areas included 
brain regions typically involved in AD, such as bilateral 
para/hippocampal cortex, inferior prefrontal cortex, tempo-
ral cortex, inferior parietal cortex, and posterior cingulate 
cortex. They found that observer-independent evaluation of 
individual FDG-PET has a high predictive accuracy (90%) 
relating to the progression of MCI to AD within a 16-month 
observation period; however, the prognostic value of genetic 
assessment alone was demonstrated to be comparatively low 
(63%).

More recently, authors have developed FDG-PET score 
systems in combinations with other biomarkers and neu-
ropsychological tests to predict the progression to demen-
tia [14, 17–19] with a great variability of critical outcome 
measures. Nevertheless, these results reflect the extensive 
work that is on-going to compare and validate analyti-
cal tools for guiding interpretation of FDG-PET within 
the heterogeneous MCI population [20]. Garibotto V 
et al. evaluated the impact of education and occupation 
on brain glucose metabolism measured with FDG-PET in 
72 subjects with a-MCI, 42 subjects with probable AD 
and 144 controls [21]. The analysis showed that sub-
jects with amnestic MCI and probable AD with a higher 
education–occupation had, for a comparable cognitive 
impairment, a more severe brain metabolic reduction in 
posterior temporo-parietal association areas and posterior 
cingulate gyrus than the ones with lower education–occu-
pation, these finding possibly reflecting a brain reserve 
mechanism in subjects with high education/occupation 
level. Moreover, they found that subjects with amnestic 
MCI converters to AD had a hypometabolism pattern that 
affects the posterior parietal cortex and precuneus, very 
similar to the typical pattern observed in subjects with AD. 
Pagani M et al. [22] in a group of 29 subject with MCI and 
14 controls, evaluated the ability of FDG-PET to identify 
subgroups of subject with MCI who progress to dementia 
from those who remain stable using a base voxel com-
parison. When MCI subjects were compared to controls 

a hypometabolism that included the bilateral posterior 
cingulate cortex, the left parietal precuneus and left fusi-
form gyrus were found. In addition, a large hypometabolic 
region in the left medium and superior temporal gyri and 
inferior parietal lobule was observed when compared to 
MCI non-converters. However, no significant differences 
were found in the comparison between controls vs non-
converters, neither in the comparison between converters 
and AD. Therefore, the pattern of hypometabolism that 
characterizes MCI due to AD mainly includes posterior 
cingulate and posterior temporo-parietal areas (Fig. 2).

Accordingly, experts agreed on recommendation of 
FDG-PET mainly based on its high negative predictive 
value (77–95%), as well as, its characteristic posterior 
hypometabolism pattern. The available formal evidence 
showed a large range of sensitivity (38–98%), specificity 
(41–97%) and accuracy (66–96.8%) values for the differ-
entiation between MCI subjects who converted to AD and 
those who remain stable or converted to non-AD condi-
tions [12]. Nevertheless, this large variability has some 
impact on the moderate assessment effect, and on the 
inconsistency effect.

Among the factors that can account for heterogeneity 
in the available literature, differences in methodological 
approaches and image analysis are consistently present in the 
evaluated studies. Visual read is the most frequent method 
for brain FDG-PET evaluation, but publications from the last 
5 years advocate for a combination of visual qualitative and 
semiquantitative analyses with well-defined thresholds and 
scaling procedures [23–25]. In addition, machine learning 
methods have emerged as a new area of interest in medi-
cal image analysis. This tool can be applied to molecular 
imaging to obtain topographical patterns of the metabolic 
brain networks, which may be helpful to understand the 
pathophysiology of the cognitive dysfunction in MCI and 
AD [26–30]. Additional efforts have focused on develop-
ment and validation of score based on metabolism FDG-PET 
imaging or in conjunction with other relevant biomarkers 
that allow to predict the progression of MCI to AD dementia 
[27, 31–34].

In a recent multicentre study conducted in 80 MCI sub-
jects [35], the accuracy for the prediction of conversion to 
AD using FDG-PET and computer-assisted methods was 
AUC = 0.82 (95% C.I. 0.73–0.92, p < 0.001). Interestingly, 
when directly comparing the traditional visual rating and 
composite scores of computer-assisted analyses, Kang JM 
et al. [25] found a significant increase of the AUC from 0.67 
to 0.79 predicting the conversion to AD in a group of 54 
MCI patients.

Consequently, recent publications confirm the usefulness 
of FDG-PET in the clinical diagnosis of patients with MCI 
due to AD, and reinforce the use of computer-assisted meth-
ods to increase accuracy.
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Atypical AD: patterns in AD variants

The typical presentation of AD dementia is a progressive 
memory impairment that eventually leads to a loss of func-
tionality. However, about 6–14% of AD cases show atypical 
clinical presentations with visuospatial, language or behav-
ioural/dysexecutive dominant symptoms, and are defined as 
visual, language and frontal variants of AD. These forms 
generally occur at an earlier age of onset than does typi-
cal amnestic AD and the memory domain is relatively pre-
served.[6, 20].

The visual variant or posterior cortical atrophy (PCA) 
was first introduced to describe patients with predominant 
deficits in higher order visual processing, a subset of whom 
also presented with marked atrophy in parieto-occipital 
areas [36]. Interestingly, AD is the most common under-
lying pathology in PCA. Some authors stablish subtypes 
into this category such as an occipito-temporal variant 
characterized by a predominant impairment in the visual 
identification of objects, symbols, words, or faces, and a 
biparietal variant with a predominant visuospatial dys-
function, features of Gerstmann, of Balint syndrome, limb 
apraxia, or neglect [20]. FDG-PET characteristically shows 

a predominant bilateral parieto-temporal hypometabolism 
pattern of AD but with additional involvement of the lateral 
occipital association cortices (Fig. 3) [37]. However, this 
occipital hypometabolism observed in PCA reminds the pat-
tern shown in the dementia with Lewy bodies (DLB). In the 
study of Spehl et al., the discrimination accuracy of visual 
analysis and threshold selection of plotted regional FDG-
PET uptake is compared between PCA and DLB [38]. They 
showed a specific area of hypometabolism in the right lateral 
temporo-occipital cortex related to PCA patients, while the 
hypometabolism predominantly in the left occipital cortex 
was related to DLB patients. The logistic regression based 
on these two regions correctly separated patients with PCA, 
DLB and AD with a sensitivity of 83%, specificity of 93% 
and accuracy of 91%. As highlighted by Nestor et al., addi-
tional areas like right posterior cingulate cortex/precuneus 
and right lateral parietal may also be affected in the PCA 
[39].

On the other hand, the language AD variant presents 
as logopenic variant of primary progressive aphasia 
(lvPPA), is characterized by anomia, difficulty repeating 
complex sentences, and phonological errors [20, 40]. The 
hypometabolism pattern includes mainly left inferior frontal 

BA

C D

Fig. 2   Mild cognitive impairment due to Alzheimer’s disease (AD). 
Examples of FDG-PET in two different patients with MCI due to 
AD. a, c Transaxial images b, d 3-dimensional stereotactic surface 
projection (3D-SSP) maps (Syngo via database comparison). Upper 
panel, 61-year-old patient with early-onset AD, with severe bilateral 
hypometabolism in temporo-parietal association areas and posterior 

cingulate, particularly on the right side. Lower panel, 67-year-old 
patient, late-onset AD with mild to moderate hypometabolism in 
temporo-parietal association areas and posterior cingulate on the left 
side. Both patients had a positive amyloid PET study, but hypome-
tabolism is more marked in early-onset subject reflecting the effect of 
resilience and cognitive reserve
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and left temporo-parietal areas (see section on primary pro-
gressive aphasias) [41, 42].

In atypical AD, recent studies have shown a strong cor-
relation between hypometabolism and tau deposition meas-
ured by [18F]AV-1451 PET [32]. PCA and lvPPA patients 
showed an increase of tau-PET tracer uptake in the pari-
etal regions, more elevated in the occipital regions for PCA 
patients, and on the left side for lvPPA patients. These pat-
terns of tau-PET mismatched the hypometabolism observed 
in FDG-PET, supporting the hypothesis that tau deposition 
has a close relationship to neurodegeneration and, therefore, 
it is likely a crucial player in determining regional patterns 
of hypometabolism [43].

In the case of frontal variant of AD, the clinical pres-
entation is similar to behavioural variant of frontotemporal 
dementia (bvFTD), with progressive apathy or behavioural 
disinhibition and stereotyped behaviours, or with predomi-
nant executive dysfunction at testing. Although the visual 
and language variants are associated with AD pathology, 
only a few cases corresponds to the frontal variant with 

AD pathology in postmortem studies [20]. In such cases, 
the combination of FDG-PET and amyloid PET scanning 
might help distinguishing patients with frontal variant of AD 
from bvFTD, particularly on early onset [44]. Nevertheless, 
Woodward M. et al. evaluated 53 AD patients by means of 
frontal behavioural impairment assessment and PET-FDG, 
showing that medial-frontal and orbitofrontal hypometabo-
lism was greater in AD patients presenting with more fron-
tal/behavioural features [45].

A retrospective study examined the contribution of FDG-
PET in the day-to-day diagnosis of dementia in a cohort 
of 94 patients (including 34 patients with atypical/unclear 
dementias). They found that FDG-PET was helpful in gen-
erating a more precise diagnosis in atypical/unclear cases, 
with a 59.5% of cases involved in a diagnostic change. In 
addition, the percentage of prescription of cholinesterase 
inhibitors before and after FDG PET imaging suggestive of 
AD increased significantly from 13.8 to 38.3% [37].

However, the formal evidence supporting the clinical util-
ity of FDG-PET in the diagnosis of atypical presentation 
of AD from neurodegenerative diseases other than AD is 
still poor. The EANM and EAN consensual recommenda-
tion supports the use of FDG-PET, taking into account that, 
atypical AD may be difficult to detect at the individual level, 
where multiple biomarkers are often needed to reach a cor-
rect diagnosis, especially for clinicians with limited experi-
ence with these syndromes. The patterns of hypometabolism 
observed in FDG-PET may be useful to differentiate lvPPA 
from the remaining variants of PPA, and the visual variant 
of AD from DLB with typical cingulate island sign [41]. 
Furthermore, some national health services, social security 
or health insurances in European countries provide reim-
bursement of brain FDG-PET in unclear cases, unexplained 
dementia or atypical presentation [3].

Frontotemporal dementia

FTD is a macro-anatomical descriptive term for a clinically 
and pathologically heterogeneous group of disorders char-
acterized collectively by a relatively selective progressive 
atrophy of the frontal and/or temporal lobes. Onset is typi-
cally in the sixth decade of life but may be as early as the 
third or as late as the ninth decade [46].

According to the EAN guidelines, most patients with 
FTD present with features conforming predominantly to 
behavioural variant (bvFTD) [46]. The language variants 
belong to different forms of aphasias who were classified 
by an international group of Primary Progressive Aphasias 
(PPA) in three variants: non-fluent/agrammatic (avPPA), 
semantic (svPPA), and logopenic (lvPPA) [8].

Clinical diagnosis of very early PPA or MCI stage of 
PPA is usually based on the presence of mild but persistent 

A

B

C

Fig. 3   Posterior Cortical Atrophy (PCA) in a 61-year-old patient. 
a Transaxial FDG-PET images b 3-dimensional stereotactic sur-
face projection (3D-SSP) map of the patient c 3D-SSP map of the 
patient’s uptake compared with a normality database (Syngo via data-
base comparison). Reduced FDG uptake in posterior temporal cortex 
and in the occipito-temporal and parieto-occipital cortex on the right 
hemisphere is observed. The patient had a positive amyloid PET scan
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isolated difficulty on tests of language (frequently dissoci-
ated from one patient to another), with relative preservation 
of other cognitive domains and activities of daily living [47]. 
Similar terms are adopted in bvFTD for patients with cog-
nitive and/or behavioural impairment not fulfilling bvFTD 
criteria [9, 48]. A probable bvFTD must include frontal and/
or temporal atrophy on MRI or CT, or hypoperfusion or 
hypometabolism on SPECT or PET [48]. In the multicentre 
study of Caminiti SP et al., FDG-PET using voxel-based 
analysis (SPM) was the most accurate biomarker (including 
CSF biomarkers) able to differentiate both the MCI subjects 
who converted to AD or FTD dementias, and those who 
remained stable or reverted to normal cognition, [35].

From the clinical point of view, bvFTD can be difficult to 
recognize, especially in the prodromal stage where behav-
ioural changes may mimic psychiatric disorders and cogni-
tive impairment is absent or subtle. A normal FDG PET 
scan is particularly valuable to exclude a neurodegenerative 
disease [4]. The addition of imaging criteria for the diag-
nosis of frontotemporal dementia improves specificity, par-
ticularly in those patients with behavioural symptoms [49]. 
The absence of brain atrophy in MRI is predictive of normal 
FDG metabolism in frontotemporal regions, irrespective of 
disease duration [49]. These different regional metabolic and 
structural heterogeneities, with temporal, orbitofrontal and 
medial prefrontal regions most affected; may explain key 
aspects of the clinical presentation [49–55].

FDG-PET hypometabolism in orbitofrontal or medial pre-
frontal regions and both anterior temporal lobe, are associ-
ated to bvFTD (Fig. 4). Studies using MRI with voxel-based 
morphometry (VBM) analyses and FDG PET in patients 
with probable bvFTD controlled with healthy subjects, 
show a significant diffuse frontotemporal grey matter vol-
ume reduction and hypometabolism, particularly medial pre-
frontal, orbital and insular and the anterior temporal lobes, 
with a relative sparing of the dorsolateral prefrontal cortex 

[9, 49]. Another VBM MRI study comparing 48 patients (25 
avPPA with 23 bvFTD) controlled with 34 healthy subjects 
showed distinctive atrophy patterns affecting the left and 
right anterior insula regions respectively. Within the insula, 
avPPA patients showed greater atrophy in the left superior 
precentral region of the dorsal anterior insular, while bvFTD 
patients showed greater atrophy in bilateral ventral anterior 
insular atrophy [55]. The sensitivity of combined neuroim-
aging in bvFTD, MRI and additional FDG-PET together 
was 96% (95% CI 85–100%) and the specificity was 73% 
(95% CI 63–81%). The positive and negative predictive val-
ues of neuroimaging in a cohort with behavioural changes 
for bvFTD was 53% (95% CI 40–67%) and 98% (95% CI 
93–100%), respectively [56].

In summary, FDG-PET may help an accurate clinical 
diagnosis of subjects with bvFTD, although the formal evi-
dence to support the diagnosis of MCI due to FTD is still 
lacking. However, both the typical metabolic pattern in FTD 
that can be present at MCI stage, as well as the recently 
confirmed high negative predictive value further support the 
recommendation of using FDG-PET in the clinical diagnosis 
of FTD. Publications from the last 5 years also reveal differ-
ent regional metabolic and structural heterogeneities in FTD, 
probably reflecting different clinical presentations.

Differentiating AD from FTD

Differentiating FTD from AD on clinical–neuropsychologi-
cal grounds alone may sometimes be challenging, mostly 
in situations where reliable informant history is limited, or 
when symptoms are atypical [41]. Several studies using vis-
ual, voxel-based comparison and ROI analysis using FDG-
PET demonstrated a 80–99% range sensitivity, a 63–98% 
specificity and accuracy from 87 to 89.2% [43, 46, 47], with 
a 98% positive predicted values, 74% negative predictive 

BA

Fig. 4   Behavioural variant Fronto-temporal Dementia (bvFTD) in a 
66-year-old female. a Transaxial FDG-PET images b 3D-SSP map of 
the patient’s uptake compared with a normality database (Syngo via 
database comparison). Bilaterally reduced FDG uptake was observed 

in the dorsomedial and dorsolateral prefrontal cortex, mainly on the 
left side, as well as bilateral hypometabolism in the temporal pole, 
with normal parietal and posterior cingulate uptake. The patient had a 
negative amyloid PET scan
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value, 29.88 positive likelihood ratio and 0.25 negative like-
lihood ratio [59].

In most cases, the hypometabolic patterns of FTD and 
AD are clearly separated, and consequently FDG-PET was 
included in the EANM/EAN clinical recommendations and 
covered by national health services or health insurances in 
different countries. The involvement of the prefrontal, insu-
lar and anterior cingulate cortex, basal ganglia, and some-
times with crossed cerebellar diaschisis is more frequently 
observed in FTD (particularly in bvFTD); and the posterior 
cingulate cortex and precuneus hypometabolism in AD [4].

Some degree of hypometabolism can, however, be found 
in parietal cortex in FTD patients, though this is charac-
teristically less pronounced than the prefrontal lesion. 
Although posterior association cortex hypometabolism 
may occur in FTD and prefrontal hypometabolism occurs 
in AD, it has been recently detailed that the relative gradi-
ent—rostral worse than caudal in FTD and vice versa in 
AD—has discriminant value reinforcing the recommenda-
tion of FDG-PET use in the differential diagnosis between 
FDT and AD [42].

Table 1   Speech and language 
functions in PPA variants Speech/language production Nonfluent/    

Agrammatic Semantic Logopenic

Grammar YES NO NO

Motor speech YES NO NO

Confrontation naming NO YES YES

Repetition NO NO YES

Sentence comprehension YES NO YES

Single-word comprehension NO YES NO

Object/people knowledge NO YES NO

Reading/spelling NO YES YES

NO: spared YES: impaired
Adapted from M.L. Gorno-Tempini et al.[8]

CBA

Fig. 5   The three variants of Primary Progressive Aphasias (PPA): 
a non-fluent/agrammatic (avPPA); b semantic (svPPA); and c logo-
penic (lvPPA). Examples of FDG-PET. Upper panel, 3-dimensional 
stereotactic surface projection (3D-SSP) map of each patient Lower 
panel, 3D-SSP map of patients’ uptake compared with a normality 
database (Syngo via database comparison). a avPPA: predominant 

left posterior fronto-insular and anterior temporal hypometabolism; b 
svPPA: predominant left anterior temporal temporal hypometabolism, 
without hypometabolism of temporo-parietal association areas or pos-
terior cingulate c lvPPA: predominant left posterior parieto-temporal 
hypometabolism, in this case with slight right temporal hypometabo-
lism
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Primary progressive aphasia

The three typical types of language variants of FTD are 
avPPA, svPPA and lvPPA. The main differences among 
these clinical variants are described in Table 1. The FDG-
PET pattern associated to avPPA is a predominant left 
posterior fronto-insular hypometabolism; in svPPA there 
is an anterior temporal hypometabolism mostly bilateral, 
but predominantly left; and the lvPPA is associated to pre-
dominant left posterior perisilvian or parietal hypometabo-
lism (Fig. 5) [8]. 

A study performed by Matias-Guiu et al. [60] found a 
good correlation between clinical diagnosis and FDG-PET 
findings with a 100% specificity for avPPA and svPPA, 
and 94.4% for lvPPA. The sensibility was 91.6%, 60% and 
91.6%, respectively (Table 2).

In addition, Taswell et al. [61] showed an 84% accuracy, 
85% sensitivity and 83% specificity for FDG-PET in pre-
dicting AD pathology using amyloid-PET. The accuracy, 
sensibility and specificity obtained by clinical evaluation 
was 65%, 41% and 93%, respectively; thus demonstrating 
that FDG-PET helps clinical diagnosis of patients with 
focal-onset variants of AD.

PPA variants diagnosis according to the current classi-
fication scheme is associated with biomarker status, [62, 
63]. The logopenic variant is associated with amyloid-PET 
positivity in more than 95% of cases. The avPPA is com-
monly associated with FTD tau 4R (a pathological product 
seen in tauopathies), but also transactive response DNA-
binding protein 43 (TDP-43) and progranulin mutations; less 
frequently, AD pathology has also been reported. A recent 
study investigating PPA patients with discordant amyloid 
status (i.e., avPPA with AD pathology) has suggested that 
most of these cases currently present mixed pathology (FTD 
tau pathology as primary pathologic diagnosis and AD 
pathology as contributing pathologic diagnosis). svPPA is 
nearly always associated with TDP-43 pathological aggre-
gates and the remainder of patients most often have FTD tau, 
rarely AD pathology has been reported. The lvPPA is most 
often caused by AD pathology [63]. Interestingly, there are 
some patients who cannot be ascribed to the typical PPA 
classifications or they meet the criteria for more than one 
subtype, called unclassifiable/mixed PPA. For these patients, 
a variety of underlying diseases have been reported: FTLD 

Table 2   Correlation among 
clinical diagnosis of PPA 
variants and FDG PET

Sensitivity (%) Specificity (%) Positive predictive 
value (%)

Negative pre-
dictive value 
(%)

Nonfluent/agrammatic 91.6 100 100 95.2
Semantic 60 100 100 93.1
Logopenic 91.6 33.3 86.2 66.6

A

C

D

B

Fig. 6   Mixed vascular dementia and Alzheimer’s disease (AD) in 
77-year old patient. a Transaxial T2-weighted-Fluid-Attenuated 
Inversion Recovery (T2-FLAIR) of Magnetic Resonance Imaging 
(MRI). b Transaxial FDG-PET. c and d lateral and medial 3D-SSP 
map of the patient’s uptake compared with a normal database (Syngo 
via database comparison). Temporo-parietal and frontal hypometabo-
lism, predominantly on the right side suggested AD. However, ame-
tabolic regions in the left temporal lobe and right subcortical were 
associated with previous atherotrobotic strokes in the left and right 
middle cerebral artery



136	 Clinical and Translational Imaging (2020) 8:127–140

1 3

tau (9.1%), TDP-43 (36.4%) and AD pathology (54.6%) 
[64].

In a recently published meta-analysis amyloid-β pathol-
ogy was evaluated in 1251 patients with PPA (lvPPA, 
n = 443; avPPA, n = 333], svPPA, n = 401, and unclassifiable 
n = 74) [65]. They found that amyloid-β positivity increased 
with age in avPPA (from 10% at age 50 years to 27% at age 
80 years, p < 0.01) and svPPA (from 6% at age 50 years to 
32% at age 80 years, p < 0.001), but not in lvPPA (p = 0.94) 
[65]. In this last case, the prevalence was 86%. Autopsy data 
revealed Alzheimer disease pathology as the most common 
pathologic diagnosis in lvPPA (76%), frontotemporal lobar 
degeneration–TDP-43 in svPPA (80%), and frontotemporal 
lobar degeneration–TDP-43/tau in nfvPPA (64%) [65].

A prospective clinico-pathological and amyloid PET 
study on 89 PPA patients (28 cases as svPPA, 31 avPPA, 
26 lvPPA and 4 mixed/unclassified PPA cases), showed 
that 24 out of 28 patients with svPPA (86%) and 28 out 
of 31 patients with avPPA (90%) had negative amyloid 
PET scan results [62]. However, 25 out of 26 patients with 
lvPPA (96%) and 3 out of 4 mixed PPA cases (75%) had 
positive scan results [62]. The amyloid-positive svPPA and 
avPPA cases with available autopsy data (two out of four, 
and two out of three, respectively) all had a primary FTD 
and secondary AD pathologic diagnoses, whereas autopsy 
of two patients with amyloid PET-positive lvPPA con-
firmed Alzheimer disease. Furthermore, in the presence 
of a clinical syndrome highly predictive of FTD pathology, 
biomarker positivity for Alzheimer disease may be associ-
ated more with mixed pathology rather than primary AD.

Moreover, when evaluating amyloid deposit in lvPPA 
patients, a larger FDG hypometabolism in the left supe-
rior and medial temporal gyri, inferior parietal lobule, 
precuneus, angular and supramarginal gyrus is seen in 
amyloid-positive cases [66]. In contrast, amyloid-neg-
ative lvPPA patients displayed lower metabolism in the 
left superior, medial and inferior temporal gyri, left fusi-
form gyrus, uncus, left parietal lobe and supramarginal 
gyrus [66]. When comparing FDG metabolism between 
amyloid-positive and negative groups, metabolism was 
lower in the parietal lobules and right posterior cingulate 
in amyloid positive. On the other hand, amyloid-negative 
patients exhibited hypometabolism in the left anterior tem-
poral and left frontal regions (inferior and middle frontal 
gyri, orbital gyri), and left temporal (superior and medial 
temporal gyri) [66]. These results reinforced the role of 
FDG-PET in the differential diagnosis of PPA and AD.

Recently, the use of an automated algorithm based on 
regional brain metabolism by FDG-PET demonstrated the 
existence of five subtypes of PPA in early stages (avPPA 
type 1 and 2, lvPPA type 1 and 2 and svPPA) [59]. The 
first avPPA showed involvement of the left frontal lobe 
(Broca’s area, but also the anterior cingulate and superior 

and middle frontal gyri), extending to other regions of 
the left hemisphere. In contrast, the second variant (k2) 
also involved the inferior frontal gyrus but tended to affect 
more medial regions, as well as the right frontal lobe. The 
logopenic type 1 were women, while all patients with 
logopenic type 2 were men. Both types involve the left 
parieto-temporal junction, but type 1 tends to extend to the 
left frontal lobe, whereas type 2 involves a more posterior 
region and the right parieto-temporal lobe [67, 68].

Although EANM/EAN panel evidenced a lack of formal 
evidence of FDG-PET for assessing the differential diag-
nosis between several forms of PPA, they recommended it 
use based on the specificity of typical patterns of hypome-
tabolism, and this biomarker is definitively included in the 
current clinical diagnostic criteria. These findings are an 
early phenomenon in PPA and consequently FDG-PET can 
be more sensitive than MRI, although they both form part of 
the current clinical diagnostic criteria of PPA [69]. Despite 
the lack of additional formal evidence, the recent literature 
has provided additional bases and further knowledge that 
emphasize the use of FDG-PET in these conditions.

Vascular dementia

Vascular dementia (VaD) is the second most common cause 
of dementia after AD [70]. Individuals at the highest risk 
for VaD are those with a recent history of stroke or tran-
sient ischemic attacks [71]. Cognitive deficits in VaD are 
much more variable than in other disorders such AD, and are 
highly dependent on the particular neural substrates affected 
by the vascular pathology [72]. Many cases of dementia have 
been reported to display both AD and VaD traits, and over 
80% of AD necropsies show evidence of cerebrovascular 
disease [73]. It is difficult to establish the relative weight of 
the two components in causing the clinical dementia. The 
existing literature in this field is particularly limited, as we 
lack studies with pathological diagnosis as the reference 
standard [41].

When high number of cerebrovascular lesions are identi-
fied during initial testing, vascular ischaemia becomes the 
main determining factor for diagnosing a patient with vas-
cular mild cognitive impairment (vMCI) [74].

Different patterns of hypometabolism in FDG-PET have 
been described associated with vascular cognitive impair-
ment. In the study of Seo et al., subjects with vMCI showed 
more severe hypometabolism in the thalamus, brainstem and 
cerebellum, as opposed to amnestic MCI who showed hypo-
metabolism in the posterior cingulate and temporo-parietal 
cortex [75]. When patients with vascular disease with and 
without dementia are compared with normal controls, those 
with vascular dementia (VaD) show a decreased metabolism 
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in both frontal lobes and right supramarginal gyrus, but not 
in the precuneus or temporal lobes. Patients with vascular 
disease without dementia, also show a less significant hypo-
metabolism in the same regions to those patients with VaD. 
A direct comparison between the two groups of vascular 
patients showed that dementia was associated with larger 
hypometabolism in the frontal lobes [76].

Kerrouche et al. applied a voxel-based multivariate analy-
sis in their study to evaluate the accuracy of FDG-PET in 
differentiating between VaD and AD patients using canoni-
cal variate analysis. This method extracted a hypometabolic 
pattern that efficiently differentiated VaD (frontal, anterior 
cingulate, temporal, and occipital cortex, basal ganglia and 
thalamus) and AD (posterior cingulate and parietal cortex) 
with 100% accuracy (Fig. 6). Moreover, this methodol-
ogy was able to separate as a group, normal controls from 
demented subjects with a sensitivity and specificity of 72% 
and 96% respectively [77].

In the EANM/EAN consensual recommendations, the use 
of FDG-PET is supported in patients with vascular pathol-
ogy only based in the identification of AD when the char-
acteristic AD pattern of bilateral posterior temporo-parietal 
hypometabolism can be seen, if these hypometabolic regions 
are not co-localised with cortical infarcts on structural scans 
[41]. At this respect, it is important to note that FDG-PET 
should be reported after reviewing or fusing with the struc-
tural imaging; although this is a generally recommended 
clinical practice when degenerative brain disease is sus-
pected [41]. Unfortunately, during the last 5 years, there are 
not additional formal evidences in the literature for the dif-
ferential diagnosis between AD and VaD supporting a char-
acteristic pattern for this last condition. However, FDG-PET 
is being applied as part of the clinical practice supporting the 
clinical diagnosis of AD, MCI or VaD as demonstrated in a 
recently published conducted in a cohort of 68 patients [78].

Depressive pseudodementia

Elderly depressive patients complaining about cogni-
tive symptoms are at particular risk of being labelled as 
demented. It is well documented that depressive disorders 
frequently cause mild cognitive deficits which manifest in 
psychometric procedures [79]. Depressive pseudodementia 
is a relatively uncommon problem, but it is critical not to 
miss it because of its potential reversibility [29]. The term 
has been used to describe the cognitive profile of various 
psychiatric disorders, especially depression in old age, which 
present with cognitive deterioration in dementia [80].

A study that combined FDG-PET and fMRI in resting 
cerebral function in patients with major depressive disorder 
and healthy controls showed decreased glucose uptake in the 

bilateral superior, the middle and the inferior frontal gyrus, 
in the bilateral superior and middle temporal gyrus, in the 
bilateral anterior cingulate cortex, in the bilateral putamen 
and caudate, and in the left globus pallidus, but an increased 
glucose uptake in the bilateral hippocampus and left thala-
mus, with no statistically significant differences between 
PET and fMRI [81]. HS Lee et al. evaluated patients with 
MCI with depression (MCI-D), and compared to MCI with 
no depression (MCI-ND) and healthy controls. They found 
more severe hypometabolism in right superior frontal gyrus 
in MCI-D than MCI-ND, and a significant negative corre-
lation between Hamilton Rating Scale for Depression and 
glucose metabolism in the right superior frontal gyrus in 
overall MCI subjects [82].

In a recently published study, 31 patients with MCI and 
concomitant depression were evaluated according to the result 
of the amyloid PET scan [83]. Interestingly, MCI patients with 
depression and amyloid positive showed a reduced regional 
cerebral glucose metabolism in temporo-parietal regions 
when comparing to age adjusted normal controls. On the other 
hand, the amyloid-negative group not only exhibited lower 
metabolism in temporal regions but also showed involvement 
of orbitofrontal regions. The metabolism in the left inferior 
orbitofrontal region and the right anterior cingulate was sig-
nificantly lower in the amyloid-negative group when a direct 
comparison between these two MCI groups with depression 
was conducted [83].

Nestor et al. recommend that the use of FDG-PET in the 
evaluation of depressive pseudodementia should be based 
on the knowledge that metabolic abnormalities are a func-
tion disease severity [41]. Thus, a clearly demented patient 
should always show obvious abnormalities on FDG-PET. 
Consequently, a normal FDG-PET scan offers strong evi-
dence supporting pseudodementia, while a typical pattern of 
hypometabolism for one of the degenerative dementias argues 
against pseudodementia (high negative predictive value). It 
must be stressed that this recommendation specifically applies 
to patients with an apparent overt dementia on cognitive test-
ing, and not to the more common and challenging situation of 
deciding whether patients with very mild or even subjective 
cognitive deficits have a primary psychiatric diagnosis versus 
the first signs of a degenerative disease.

Conclusions

FDG-PET is the most available PET radiotracer worldwide 
and it is being applied as part of the clinical practice sup-
porting the clinical diagnosis of AD (at both MCI and early 
dementia stages), FTD, PPA, as well as VaD and pseudode-
pressive dementia. The pattern of AD is well defined and its 
negative predicted values may help the differential diagnosis 
when comorbidities like vascular disease or depression are pre-
sent. However, the formal evidence supporting the use of FDG 
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is reasonable for MCI due to AD, and the differential diagnosis 
between FTD and AD, but lacking for the remaining clinical 
uses. Nevertheless, clinical diagnostic criteria include FDG-
PET as a biomarker that helps the classification of subjects 
within PPA and different neuropathology. Interestingly, the 
evidence provided during the last years reinforces these recom-
mendations and gives additional clues about the usefulness of 
computer-assisted methods (comparison with a normal data-
base on a voxel by voxel bases) in addition to visual reading.
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