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Resume: INTRODUCTION Dementia,
marked by a progressive decline in cognitive
functions, poses a growing public health
challenge. The introduction provides an
overview of dementia, highlighting the
importance of early diagnosis and the pivotal
role of neuroimaging in identifying structural
and functional brain changes. It traces the
historical development of neuroimaging
techniques and discusses various modalities,
including MRI, CT, PET, and SPECT,
and their contributions to understanding
different dementia types. OBJETIVE
To evaluate the role of neuroimaging in
diagnosing and differentiating various types
of dementia, including Alzheimer’s disease,
vascular dementia, Lewy body dementia,
and frontotemporal dementia, and to assess
the structural and functional changes
associated with each type. METHODS This
is a narrative review which included studies
in the MEDLINE - PubMed (National
Library of Medicine, National Institutes of
Health), COCHRANE, EMBASE and Google
Scholar databases, using as descriptors:
“Neuroimaging” AND “Dementia Diagnosis”
AND “Alzheimer’s Disease” OR “Brain
Atrophy” OR “Functional MRI” in the last
years. RESULTS AND DISCUSSION The
results and discussion sections delve into
the specific findings from neuroimaging
studies across different dementia types. MRI
reveals significant hippocampal atrophy in
Alzheimer’s disease, white matter lesions in
vascular dementia, and distinct patterns in
Lewy body and frontotemporal dementias.
PET imaging shows amyloid plaques and
tau tangles in Alzheimers disease, while
fMRI studies reveal disruptions in brain
connectivity. The use of advanced techniques
like DTT provides insights into white matter
integrity. Comparative analyses, longitudinal
studies, and the impact of genetic factors are
also discussed, highlighting the diagnostic
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and prognostic value of. CONCLUSION
Neuroimaging has significantly advanced
the diagnosis and management of dementia,
providing detailed assessments of brain
structure and function. Despite challenges
such as high costs and variability in protocols,
ongoing advancements promise improved
sensitivity and specificity of imaging biomarkers.
Neuroimaging-based models for early detection
and disease progression monitoringare crucial
for timely interventions and better patient
outcomes. The integration of neuroimaging
in clinical practice continues to enhance our
understanding and treatment of dementia,
underscoring its indispensable role in modern
medicine.

Keywords: Neuroimaging; Dementia; Alzheimers
Disease; MRI; PET.

INTRODUCTION

Dementia, characterized by a progressive
decline in cognitive function beyond what
might be expected from normal aging,
poses a significant public health challenge
globally’. As the aging population increases,
so does the prevalence of dementia, with
projections indicating a substantial rise in
the number of affected individuals in the
coming decades’. Various forms of dementia,
including Alzheimer’s disease (AD), vascular
dementia (VaD), Lewy body dementia
(LBD), and frontotemporal dementia (FTD),
present with distinct clinical and pathological
features, necessitating tailored diagnostic
and therapeutic approaches'. Early diagnosis
of dementia is crucial for managing the
disease progression and improving patient
outcomes®. Neuroimaging has emerged as a
pivotal tool in the diagnostic arsenal, offering
insights into the structural and functional
changes in the brain associated with different
types of dementia®. The historical evolution of
neuroimaging techniques has revolutionized
our understanding of dementia, transitioning
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from rudimentary imaging to advanced
modalities such as magnetic resonance
imaging (MRI), computed tomography
(CT), positron emission tomography (PET),
and single-photon emission computed
tomography (SPECT)>.

Each neuroimaging modality offers unique
advantages and insights’. MRI provides
high-resolution images of brain structures,
making it indispensable for detecting atrophy
and other structural changes. CT, though
less detailed than MRI, remains useful in
identifying gross anatomical abnormalities’.
PET and SPECT scans are instrumental in
assessing brain metabolism and blood flow,
respectively, allowing for the evaluation of
functional changes in the brain®. The biological
basis of these neuroimaging techniques lies
in their ability to detect alterations in brain
anatomy, metabolism, and connectivity
that are characteristic of various dementia
types®. Recent advancements in neuroimaging
technology, such as functional MRI (fMRI)
and diffusion tensor imaging (DTI), have
further expanded our capabilities®. These
techniques enable the visualization of brain
activity and white matter integrity, providing
deeper insights into the pathophysiological
processes underlying dementia®. Neuroimaging
biomarkers, including amyloid plaques and
tau tangles in AD, white matter lesions in
VaD, and Lewy bodies in LBD, are critical for
differentiating between dementia types and
assessing disease progression”.

In Alzheimer’s disease, MRI and PET scans
reveal characteristic patterns of brain atrophy
and amyloid deposition®. Vascular dementia
is distinguished by white matter lesions and
infarcts visible on MRI®. Lewy body dementia
is marked by the presence of Lewy bodies
and reduced dopamine transporter uptake
on SPECT or PET scans®. Frontotemporal
dementia shows prominent atrophy in
the frontal and temporal lobes, detectable
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through MRI’. These neuroimaging findings
are not only diagnostic but also have clinical
implications, guiding treatment decisions and
monitoring therapeutic responses’. Despite
the profound utility of neuroimaging in
dementia, challenges and limitations persist®.
Variability in imaging protocols, the high cost
of advanced imaging techniques, and the need
for specialized interpretation are significant
hurdles®. Ethical considerations, such as the
management of incidental findings and the
potential psychological impact of imaging
results on patients and their families, must
also be addressed®.

Future directions in neuroimaging for
dementia are promising, with ongoing research
focusing on improving the sensitivity and
specificity of imaging biomarkers, integrating
multimodal imaging approaches, and
developing non-invasive techniques’. The
potential for neuroimaging to aid in early
detection, track disease progression, and
evaluate the efficacy of novel therapeutic
interventions underscores its critical role
in the landscape of dementia research and
clinical practice’.

OBJETIVES

To evaluate the role of neuroimaging in
diagnosing and differentiating various types
of dementia, including Alzheimer’s disease,
vascular dementia, Lewy body dementia, and
frontotemporal dementia, and to assess the
structural and functional changes associated
with each type.

SECUNDARY OBJETIVES

1. To compare the effectiveness of different
neuroimaging modalities (MRI, CT, PET,
SPECT) in diagnosing dementia.

2. To identify specific neuroimaging
biomarkers for Alzheimers disease and
other types of dementia.
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3. To examine the advancements in
neuroimaging technology and their impact
on dementia diagnosis and management.
4. To investigate the correlation between
cognitive decline and neuroimaging findings.
5. To assess the utility of neuroimaging
in monitoring disease progression and
evaluating therapeutic interventions.

METHODS

This is a narrative review, in which the
main aspects of the role of neuroimaging in
diagnosing and differentiating various types
of dementia, including Alzheimer’s disease,
vascular dementia, Lewy body dementia, and
frontotemporal dementia, and to assess the
structural and functional changes associated
with each type in recent years were analyzed.
The beginning of the study was carried out
with theoretical training using the following
databases: PubMed, sciELO and Medline,
using as descriptors: “Neuroimaging” AND
“Dementia Diagnosis” AND “Alzheimer’s
Disease” OR “Brain Atrophy” OR “Functional
MRI” in the last years. As it is a narrative
review, this study does not have any risks.

Databases: This review included studies in
the MEDLINE - PubMed (National Library
of Medicine, National Institutes of Health),
COCHRANE, EMBASE and Google Scholar
databases.

The inclusion criteria applied in the
analytical review were human intervention
studies, experimental studies, cohort studies,
case-control studies, cross-sectional studies
and literature reviews, editorials, case reports,
and poster presentations. Also, only studies
writing in English and Portuguese were
included.
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RESULTS AND DISCUSSION

The evaluation of structural changes
in Alzheimer’s disease using MRI reveals
significant hippocampal atrophy, a hallmark
of the disease'®. Studies demonstrate that
hippocampal volume reduction correlates
with disease severity and progression, providing
a reliable marker for early diagnosis and
monitoring'®. MRI-based analyses of cortical
atrophy patterns indicate widespread thinning
in AD, predominantly affecting the medial
temporal lobes, parietal lobes, and posterior
cingulate cortex, distinguishing it from other
dementia types''. White matter lesions are
prominent in vascular dementia, as evidenced
by MRI findings of hyperintensities on T2-
weighted and FLAIR sequences''. These
lesions, indicative of small vessel disease,
are associated with cognitive decline and
functional impairment'>. In comparison,
Alzheimer’s disease shows fewer white matter
changes, emphasizing the utility of MRI
in differentiating between these dementia
subtypes'?>. Neuroimaging biomarkers for
Alzheimer’s disease, such as amyloid plaques
and tau tangles detected via PET imaging, have
shown high diagnostic accuracy®’. Amyloid
PET imaging, using tracers like florbetapir
and Pittsburgh Compound B (PiB), allows
for the visualization of amyloid deposition in
vivo, correlating with cognitive decline and
disease progression*®.

In Lewy body dementia, neuroimaging
studies highlight reduced dopamine trans-
porter uptake on SPECT or PET scans, dis-
tinguishing it from Alzheimer’s disease'*. The
presence of Lewy bodies, detected through
a-synuclein immunostaining in post-mortem
studies, correlates with clinical symptoms of
parkinsonism and visual hallucinations, su-
pporting the diagnostic utility of neuroima-
ging'*. Hippocampal volume reduction is less
pronounced in LBD compared to AD, further
aiding in differential diagnosis'®. Functional
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MRI (fMRI) studies have explored alterations
in brain connectivity across different dementia
types'®. In Alzheimer’s disease, disruptions in
the default mode network (DMN) are evident,
with reduced functional connectivity betwe-
en key regions such as the posterior cingulate
cortex and medial prefrontal cortex'®. These
findings correlate with cognitive deficits and
disease severity'®. In contrast, frontotemporal
dementia shows alterations in executive con-
trol networks, reflecting the prominent beha-
vioral and language impairments associated
with this subtype'”.

Diftusion tensor imaging (DTI) has proven
valuable in assessing white matter integrity in
dementia'’. In Alzheimer’s disease, DTT studies
reveal reduced fractional anisotropy in the
corpus callosum and other major white matter
tracts, indicating microstructural damage'®.
Vascular dementia, on the other hand, shows
widespread white matter disruption, consistent
with the impact of cerebrovascular pathology
on brain connectivity'®. The use of FDG-PET
in differentiating dementia types is well-
documented, with studies showing distinct
patterns of hypometabolism'®. Alzheimer’s
disease is characterized by reduced glucose
metabolism in the temporoparietal cortex,
while frontotemporal dementia shows
hypometabolism in the frontal and anterior
temporal lobes'. These metabolic patterns
provide critical insights into the underlying
neurodegenerative processes and aid in
accurate diagnosis®®.

Longitudinal neuroimaging studies have
been instrumental in tracking disease
progression in dementia*®. Serial MRI scans
reveal the trajectory of brain atrophy in
Alzheimer’s disease, with consistent volume
loss in the hippocampus and cortical regions
over time*'. Similarly, PET imaging studies
demonstrate progressive amyloid accumulation
and tau deposition, correlating with clinical
decline®'. These findings underscore the
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importance of neuroimaging in monitoring
disease course and evaluating therapeutic
interventions®’. Comparative analyses of
neuroimaging findings in sporadic versus
familial Alzheimer’s disease have highlighted
genetic influences on disease progression®’.
Familial AD cases, often linked to mutations
in the APP, PSENI, and PSEN2 genes,
exhibit earlier and more aggressive atrophy
patterns compared to sporadic cases*’. These
differences emphasize the need for tailored
diagnostic and therapeutic strategies based on
genetic risk factors.

Neuroimaging studies in mixed dementia,
where multiple pathologies coexist, reveal
complex patterns of brain changes**. MRI
and PET scans show overlapping features of
Alzheimer’s disease and vascular dementia,
with both cortical atrophy and white matter
lesions®*. This overlap complicates diagnosis
and necessitates a multimodal imaging
approach to disentangle the contributions
of each pathology*®. Parkinson’s disease
dementia (PDD) presents with characteristic
neuroimaging findings, including atrophy in
the substantia nigra and other basal ganglia
structures, as well as reduced dopamine
transporter uptake on PET scans®. These
alterations are distinct from those seen in
Alzheimer’s disease, aiding in differential
diagnosis®*®. The utility of neuroimaging
in clinical trials for dementia treatments is
evident, with imaging biomarkers serving
as surrogate endpoints to assess treatment
efficacy’®. Amyloid imaging agents, such
as florbetapir and flutemetamol, have been
evaluated in clinical trials, demonstrating their
ability to detect amyloid burden and monitor
the impact of therapeutic interventions®’.

Neuroinflammation —markers, detected
through advanced imaging techniques like
PET with radiolabeled ligands for microglial
activation, provide insights into the role of
inflammation in dementia®’. These markers
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are elevated in Alzheimer’s disease and other
neurodegenerative conditions, correlating
with disease severity and progression®®.
The development of neuroimaging-based
predictive models for dementia has shown
promise in identifying individuals at risk
for developing the disease®®. Machine
learning algorithms applied to neuroimaging
data can predict cognitive decline and
conversion from mild cognitive impairment
to Alzheimer’s disease, offering potential
for early intervention®. The correlation
between cognitive decline and neuroimaging
findings is well-established, with studies
demonstrating that greater atrophy and
metabolic dysfunction correlate with worse
cognitive performance®. These findings
reinforce the role of neuroimaging in
assessing disease burden and guiding clinical
management®’. Brain metabolism changes
in dementia, assessed through FDG-PET,
provide critical insights into the functional
impact of neurodegeneration®’. Alzheimer’s
disease shows hypometabolism in the
posterior cingulate cortex and parietotemporal
regions, while frontotemporal dementia
exhibits reduced metabolism in the frontal
lobes®'. These metabolic patterns reflect the
differential involvement of brain networks in
various dementia types®'.

Advanced imaging techniques have
enabled the analysis of synaptic density
changes in dementia®’. PET imaging with
tracers targeting synaptic vesicle proteins,
such as SV2A, reveals synaptic loss in
Alzheimer’s disease, correlating with cognitive
impairment®. These findings highlight the
potential of synaptic imaging as a biomarker
for neurodegeneration®®. Comorbidities,
such as cardiovascular disease and diabetes,
impact neuroimaging findings in dementia,
exacerbating white matter lesions and brain
atrophy®®. These comorbidities contribute
to cognitive decline and complicate the
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clinical presentation, emphasizing the need
for comprehensive patient assessment®*.
Neuroimaging studies have identified early
signs of dementia in individuals at risk for the
disease®. MRI and PET scans reveal subtle
brain changes, such as hippocampal atrophy
and amyloid deposition, in cognitively normal
individuals with genetic risk factors or a family
history of Alzheimer’s disease®. These findings
support the use of neuroimaging for early
detection and intervention®. Functional MRI
(fMRI) plays a crucial role in understanding
neural network alterations in dementia®.
Studies show disrupted connectivity in key
networks, such as the default mode network
and executive control network, in Alzheimer’s
disease and frontotemporal dementia®®. These
alterations correlate with cognitive deficits and
provide insights into the functional impact of
neurodegeneration®’.

Cost-effectiveness analyses of neuroimaging
modalities highlight the benefits of early
diagnosis and monitoring in dementia®’.
While advanced imaging techniques are
costly, their ability to detect disease early
and guide treatment decisions can reduce
overall healthcare costs by delaying
disease progression and improving patient
outcomes®®. Neuroimaging-based intervention
monitoring in dementia therapies is essential
for assessing treatment efficacy’®. Imaging
biomarkers, such as amyloid load and brain
atrophy, serve as surrogate endpoints in
clinical trials, providing objective measures of
therapeutic impact®. This approach facilitates
the development of effective treatments and
accelerates the translation of research findings
into clinical practice®®. Gender differences in
neuroimaging findings in dementia have been
observed, with studies indicating that women
exhibit greater amyloid burden and faster
rates of brain atrophy than men*’.

These differences may reflect biological and
hormonal influences on disease progression,
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underscoring the need for gender-specific
research and therapeutic strategies*’. Cross-
sectional versus longitudinal neuroimaging data
in dementia research provide complementary
insights*". Cross-sectional studies offer snapshots
of disease-related changes, while longitudinal
studies track the progression of these changes
over time*'. Combining both approaches
enhances our understanding of disease dynamics
and informs the development of predictive
models**.Genetic factors, such as the presence
of the APOE &4 allele, significantly impact
neuroimaging findings in dementia*>. APOE
&4 carriers exhibit greater amyloid deposition,
faster rates of brain atrophy, and -earlier
onset of cognitive decline compared to non-
carriers*’. These genetic influences underscore
the importance of personalized approaches in
dementia research and clinical care®’.

CONCLUSION

Neuroimaging has revolutionized the
diagnosis and management of dementia,
providing critical insights into the structural
and functional changes associated with
different dementia types. MRI, CT, PET, and
SPECT scans offer unique advantages, with
advanced techniques like fMRI and DTI further
expanding our capabilities. The identification
of neuroimaging biomarkers, such as amyloid
plaques and tau tangles in Alzheimer’s disease,
white matter lesions in vascular dementia,
and Lewy bodies in Lewy body dementia,
has enhanced diagnostic accuracy and

informed therapeutic strategies. Despite the
challenges and limitations, including variability
in imaging protocols, high costs, and ethical
considerations, the future of neuroimaging
in dementia is promising. Ongoing research
aims to improve the sensitivity and specificity
of imaging biomarkers, integrate multimodal
approaches, and develop non-invasive techniques.
Neuroimaging-based predictive models and
early detection strategies hold potential for
timely intervention and improved patient
outcomes.

The correlation between cognitive decline
and neuroimaging findings underscores the
importance of imaging in assessing disease
burden and guiding clinical management.
Gender differences and genetic influences on
neuroimaging findings highlight the need for
personalized approaches in dementia care.
As neuroimaging continues to evolve, its role
in clinical trials and therapeutic monitoring
will be pivotal in advancing dementia research
and treatment. In conclusion, neuroimaging
stands as a cornerstone in the landscape
of dementia research and clinical practice.
Its ability to provide detailed, non-invasive
assessments of brain structure and function
makes it indispensable for early diagnosis,
monitoring disease progression, and evaluating
therapeutic interventions. The continued
advancements in neuroimaging technology
and methodology promise to further our
understanding of dementia and improve the
lives of those affected by this devastating
condition.
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