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NUCLEAR MEDICINE APPROACHES FOR
DEMENTIA

Abstract

Nuclear medicine radiotracers and
specific biomarkers for Alzheimer's disease
(AD) and other degenerative dementias
have been developed as a result of
advances in the molecular biology,
pathology, and genetics of these disorders.
Dementia is among the neurodegenerative
disorders. The gradual loss of a person's
mental and cognitive abilities is a hallmark
of dementia, a clinical condition and major
neurocognitive disorder. These
neurodegenerative illnesses can now be
accurately and objectively diagnosed and
evaluated because of advancements in
neuroimaging Very early detection of these
diseases has been made possible by
imaging and non-imaging markers, which
have also significantly altered the criteria
of these disorders. Dopamine transporter

single photon emission computerized
tomography  (SPECT), which marks
dopaminergic terminals, tau positron

emission tomography (PET), which is a
molecular imaging technique, and [F18]
Fluorodeoxyglucose (FDG) PET, which
shows the pattern of glucose metabolism in
the brain, are all useful tools for the early
recognition and differentiation of AD and
its atypical variants, frontotemporal
dementias, and dementia with Lewys
bodies. While molecular imaging enables
the visualization of altered function or
abnormally  elevated or  decreased
concentrations of disease-specific markers,
high-spatial-resolution MRI enables the
detection of subtle morphologic alterations,
as well as potential consequences and
alternate diagnoses. These approaches
complement one another. An integrated,
multimodal, multidisciplinary strategy is
necessary for the proper workup and
interpretation of diagnostic findings.
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I. INTRODUCTION

Nuclear Medicine is a specified field of radiology in which Small doses of radioactive
chemicals, or radiopharmaceuticals, are employed for diagnostic and therapeutic purposes
[1]. In 1978, The harmless and efficient use of radioactive substances is the focus of the
nuclear pharmacy, a subspecialty of pharmacy that was first introduced on behalf of the
Board of Pharmaceutical Specializations. There are over a hundred radioactive employed for
therapeutic applications, such as determining where tumors are located, the treatment of toxic
diffuse goiter and hyperthyroidism, the reduction of bone pain caused by skeletal metastases,
and cerebral perfusion. These radioactive medications are also used to diagnose renal failure
and various infection imaging [2].

Single photon emission computed tomography (SPECT) examinations are a part of
general nuclear medicine. While positron emission tomography (PET) and general nuclear
medicine have some ideas in common, PET is a distinct modality that deserves its own
examination, potentially comparable to magnetic resonance imaging (MRI) as an extension
beyond basic X-ray principles [1]. There are many distinct radiopharmaceuticals with various
targeting mechanisms, forms, and administration routes. They can be delivered as simple
salts or coupled to more complicated compounds [3]. Radiopharmaceuticals can be
administered in a variety of ways, including by mouth, by injection into the eyes, or both.
About 95% of radiopharmaceuticals are utilized for diagnostic purposes, and the remaining
5% are used for therapeutic purposes [2].

The radiopharmaceuticals provide a minimally intrusive, low-side-effect approach of
guiding therapeutic radiations. Additionally, radioactive medications serve as non-invasive
imaging agents for diagnostics, providing details on the composition and functionality of
diseased organs and tissues [4]. In order to image infections, a variety of
radiopharmaceuticals are now used. Each is chosen depending on the clinical situation and
the suitability of the patient. The following is a summary of the most frequently used
radiotracers.

Indium-111
Technetium-99m
Gallium-67 (67Ga)
FGD PET/CT

A wide range of diagnostic possibilities is made possible by the variety of isotopic
formulations employed in NM. Notably, when cross-sectional imaging is insufficiently
specific and/or sensitive for diagnosis, NM investigations are distinctly instructive [5].
Rubidium is a naturally occurring chemical and a micronutrient, like selenium. It would be
helpful to compare the amounts of rubidium in biological samples between cancer patients
and healthy control patients in order to judge its anticancer effectiveness. It is also crucial to
understand how rubidium is used as a biomarker in risk assessment. Rubidium is eliminated
through the urine, and the amount of Rubidium in the urine is a reliable sign that someone has
been exposed to it. Rubidium is eliminated through the urine, and urine concentration is a
reliable measure of Rubidium exposure. The acid toxins that were seeping out of the tumor
mass were neutralized, making them harmless. This is because the poison was neutralized by
Rubidium salts found in the bodily fluids In comparison to individuals who are healthy
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controls, colorectal patients have significantly lower levels of rubidium in their whole blood.
Little rubidium is present in the patient's serum or urine because the tumor sucked up the
Rubidium [6].

Dementia is among the neurodegenerative disorders. The gradual loss of a person's
mental and cognitive abilities is a hallmark of dementia, a clinical condition and major
neurocognitive disorder. The gradual, enduring, and progressive nature of dementia
symptoms has been acknowledged. 90% of dementia patients have a cognitive impairment,
which makes them more likely to display behavioral and psychological symptoms like
psychosis, violence, agitation, and depression [7].

Since a few years ago, it has been seen that cases of dementia at a young start are
increasingly being recognized. Dementia is often an illness that affects older individuals, and
it is a major cause of dependency and disability among the older population. Forecasts call
for mostly rapid growth in the proportion and quantity of elderly people in nations like China,
India, and Latin America. According to estimates, by 2050 there will be 1.25 billion more
individuals over the age of 60, or 22% of the world's population, with 79% of them residing
in less developed parts of the world [8]. The most common type of dementia is caused by a
neurodegenerative disorder such as AD, PD, HD, or Amyotrophic Lateral Sclerosis (ALS),
and Vascular Cognitive Impairments (VCI) are another type of dementia. These diseases
frequently coexist with neurodegenerative dementia [9].

All forms of cognitive disorder associated with cerebrovascular disease are referred to
as vascular cognitive impairment resulting in structural and functional connectivity loss,
compromising functional networks within the brain. Vascular dementia has overtaken AD as
the second most common type of dementia [10]. Drugs that target diseases in their early
stages may potentially benefit patients the most. This emphasizes how crucial it is to make a
proper clinical diagnosis early on in the course of the disease. Lifetime "probable” diagnosis
can be made with a fair amount of accuracy if done carefully and in accordance with
established clinical standards. Only postmortem, following necropsy, can a definitive
diagnosis of Alzheimer's disease (AD) or the majority of other disorders that cause dementia
be made [11].

It has been demonstrated that neuropathological characteristics, which eventually
contribute to the clinical picture of dementia, may be present as early as 20 years before the
first symptoms become overt. Neuropathology develops gradually. Therefore, a diagnosis
cannot be made based solely on clinical criteria until the disease has progressed to a rather
advanced stage. It is obvious that there is a need for sensitive and trustworthy biologic
indicators that can show the presence of neuropathology before a patient has progressed to
the stage of clinical dementia. Although there are currently no biomarkers that can
definitively identify AD or the majority of other dementias, neuroimaging, and laboratory
indicators may help to support the existence of neuropathology [11].

Clinical, psychiatric, and neurological evaluations, psychometric tests, and anatomic
imaging, such as computed tomography, are all part of the conventional diagnostic process
for AD. The ability to identify and track age- and disease-related changes in the human brain
by neuroimaging with radiopharmaceuticals is a unique capability that aids in the study of the
pathophysiology of dementia [12]. However, there is ongoing debate concerning the use of
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using functional brain imaging techniques like positron emission tomography (PET) and
single photon computed tomography (SPECT) to routinely diagnose Alzheimer's disease
[13].

These neurodegenerative illnesses can now be accurately and objectively diagnosed
and evaluated because of advancements in neuroimaging. High-resolution MRI is frequently
available, enabling detailed analysis of occasionally subtle structural changes. Additionally,
nuclear medicine's use of pathophysiology-specific radiotracers enables visualization of the
underlying mechanisms of these disease processes. Early diagnosis can be obtained by
integrating the clinical presentation with complementing radiologic and nuclear medicine
techniques. This gives patients and their families the chance to confront the disease and begin
earlier care [14]. In this chapter, we overview the role of nuclear medicine approaches to
dementia.

Il. TYPES OF BRAIN IMAGING

The types of brain imaging are listed below [15].

Structural Imaging Functional Imaging

D Single Photon Emission Tomographv
(SPECT)

|:| Magnetic Resonance Imaging (MRI) |:| II:,;ES%GH Emission Tomography

|| Computed Tomography

1. Structural Imaging in Dementia: Structural imaging describes methods that are focused
on analyzing and visualizing the anatomical characteristics of the brain. For finding brain
injury and anomalies, structural techniques are especially helpful. Additionally,
investigations can be done to calculate geometric structural features like a particular
structure's size and volume or the thickness of a cortical region [15]. The objective of
structural imaging is to identify curable disorders like tumors and Normal Pressure
Hydrocephalus (NPH), as well as cerebrovascular conditions crucial to cognition
impairment, like infarcts and hemorrhages. In these situations, computed tomography was
the first method that was consistently employed. [16].

According to the Swedish national guidelines for health and welfare in dementia,
dementia examinations are divided into two phases, basic dementia investigation, and
extended investigation. Since patients with cognitive failure typically initially visit
primary care, the majority of fundamental examinations are conducted there. The first
investigation strongly emphasises and suggests a CT of the skull. It is recommended that
an MRI be performed during the protracted dementia inquiry, which is frequently carried
out at a memory clinic, either in addition to or instead of a CT. It is advised to perform an
MRI in addition to or instead of a CT scan [17]. Structural imaging can enhance
differential diagnosis by evaluating atrophy both regionally and globally, the presence of
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vascular damage, and the presence of curable diseases (tumors and NPH) and
cerebrovascular injury (hemorrhages and severe infarcts) [18]. As a result, in primary
care, a CT can provide a fairly accurate picture of the patient's brain structure, and
effective radiological assessment and consequently differential diagnostic reasoning are
also made possible [17].

The contrast between the white and grey matter in the MRI scans is superior to
that in the computed tomography pictures. As a result, examination of smaller brain
regions is more difficult than it is with MRI. Evaluation of structures near the bone, such
as those around the skull's base, is more difficult with CT. The lack of automated image
analysis methods equivalent to those used in MRI represents a significant drawback as
well. This is because the grey and white matter must be distinguished clearly in these
techniques, which CT cannot do. Studies on structural imaging in dementia have focused
a lot of emphasis on MRI and Alzheimer's disease [19].

Since CT is less noisy, the examination takes only a few seconds as opposed to the
MRI's tens of minutes, and the patient can lie more comfortably, it is superior to MRI for
elderly patients with cognitive impairment. Today, it is possible to reconstruct the
coronary parts of CT scans, making it able to evaluate disorders such medial temporal
lobe atrophy similarly to MRI. MRI makes it straightforward to detect even minute
changes, such as hyper-intense variations in FLAIR pictures. Cerebrovascular
abnormalities can be easily recognised with MRI. In a 2001 study, it was demonstrated
that MRI was superior at identifying mild injuries when compared to visual evaluation of
white matter damage and age-related white matter changes, in visual estimation of white
matter damage. There was high agreement between estimates for bigger injuries [17].

Alzheimer's disease patients , who underwent PET by 18-fluorodeoxyglucose
(18FDG) displayed the characteristic pattern of diminished cortical uptake in the posterior
and lateral temporal areas, medial parietal regions, particularly in the posterior cingulate
gyrus and precuneus, and medial temporal lobes, including the hippocampus [20]. PET
shows aberrant uptake in AD patients when it uses insoluble fibrillar A-targeting tracers,
such as the best studied Pittsburgh Compound-B (PiB) and more recently found fluorine-
18-labeled tracers, florbetaben, florbetapir, and flutemetamol. While the occipital cortex,
globus pallidus, and thalamus displayed dramatically reduced tracer uptake, the prefrontal
cortex, precuneus, posterior cingulate cortex, lateral parietal and temporal cortex, and
striatum displayed high uptake [21].

2. Systematic Assessment of Structural Imaging: In addition to excluding surgical
pathology, structural MRI in patients with suspected dementia should be thoroughly
assessed with reference to signal change on MRI and brain atrophy. The assessment of
signal change with T2-weighted imaging or fluid-attenuated inversion recovery (FLAIR)
can show inflammatory, metabolic, toxic, or viral processes that may be producing
cognitive deficits in addition to aiding to identify vascular injury. According to pathology
research, the presence of brain shrinkage and its topographical structure can positively
predict dementia. [22].
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II.FUNCTIONAL IMAGING

Functional neuroimaging techniques can be used to examine how illness or brain
damage affects cognition- and behavior-related brain systems as well as how treatment alters
these  systems. These include transcranial magnetic  stimulation  (TMS),
electroencephalography (EEG), magnetoencephalography (MEG), near-infrared spectroscopy
(NIRS), and functional magnetic resonance imaging (fMRI) [23]

Estimating brain activity is the first step in functional imaging. Both
magnetoencephalography (MEG) and electroencephalography (EEG), which measure
changes in magnetic fields linked with changes in electrical activity, have limitations as
methods for assessing neural activity. EEG records changes in electrical activity as clusters of
neurons become active. It is difficult to detect changes in magnetic or electrical fields in the
deep brain due to its structural complexity. These techniques have a number of limitations,
but they do provide real-time assessments of brain cluster activity. It is difficult to monitor
changes in magnetic or electrical activity in the deep brain because of its architecture [24].

Changes in metabolism occur when neurons become active because they need energy
to function. In order to quantify these metabolic changes as a substitute for neural activity,
another type of functional imaging is used. Fluorodeoxyglucose (FDG) has been tagged with
a positron-emitting isotope (*®F) or with a positron-emitting isotope of oxygen (*>0) in order
to measure regional metabolic changes using positron emission tomography (PET). In reality,
it takes several minutes to absorb enough labeled glucose to assess metabolic activity, and it
has been difficult to measure oxygen metabolism [25].

IV.POSITRON EMISSION TOMOGRAPHY

The accurate and sensitive method for visualizing molecular interactions and routes
within the human body is positron emission tomography (PET). The variety of positron-
emitting radionuclides, which can be utilized to label particular biomarkers, biochemical, and
medications without impairing their biological function, is what gives the specificity.
Furthermore, the radiation generated from a radiolabeled tracer is unique to that tracer and
may be seen above the negligible background radiation from natural sources. The
requirements to account for the effect of scatter and the attenuation of photons by tissue are
the key confounding issues [26].

These two elements are necessary for the tracer concept, for which George de Hevesy
won the 1943 Nobel Prize in Chemistry. PET, which depends on two factors, can detect the
tracer's low molecular mass. The ability of radiochemistry to produce labelled compounds
with high specific activity—measured radioactivity per gramme of chemical—enables a large
portion of the injected substance to be radiolabeled. The second factor is the capability of
coincidence counting to discover and identify positron-emitting nuclei in order to gather the
paired annihilation photons generated following positron annihilation with an electron [26].

1. Detectors in Positron Emission Tomography: The detectors in a PET scanner play a
crucial role in the system because they are in charge of both absorbing the 511 keV
photons and accurately reporting the position of the interaction, the energy of the detected
photon, and the time of interaction—all of which are important factors affecting the
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scanner's overall sensitivity, spatial resolution, ability to reject random and scatter events,
and time-of-flight capabilities [27].

There are essentially two categories that can be used to categorize the detection
technique for identifying the incoming annihilation photons:

e Indirect Detection
e Direct Detection

Each incoming annihilation photon interacts with the scintillation crystal during
indirect (scintillation) detection through photoelectric or Compton scatter interactions.
Using one or more photodetectors, the deposited energy is first transformed into a stream
of visible (lower-energy) light photons, and subsequently into an electrical current. Every
PET system that is now on the market in the commercial sector uses this detection
technique. In direct detection, semiconductor crystals are used to transform each
incoming photon interaction directly into electrical signals. This approach has been
explored only in research [28].

2. Indirect Detection Method (Scintillation Detection): Each 511-keV annihilation photon
that enters a scintillation detector for PET interacts with the inorganic crystal by Compton
scatter or the photoelectric action to produce a recoil electron that is immediately
expelled. Through coulombic interactions, each ejected electron moves through the
material and ionizes it, leaving a trail of secondary electrons that are released from the
crystal's inherent electrical valence band and moved into the conduction band. The
resulting ionization charge is transformed into a flash of isotropically emitted visible light
through a subsequent de-excitation process in which those excited electrons sink into
accessible energy levels of the host crystal or those of an added impurity. The
photodetector element, which captures light and transforms it into an electrical signal, is
connected to the crystal, and readout electronics come next [29].

Inorganic scintillation materials should have a high effective atomic number
(Zeff), a high density, and quick rise and decay durations for the resulting signals for the
best coincidence timing resolution. A modest concentration of an impurity known as an
activator is introduced to the inorganic scintillation crystal, with the exception of a few
intrinsic scintillators like bismuth germanium oxide (BGO), to help with the production
of visible-light photons (i.e., optical photons) [30]. Discrete array and monolithic crystal
configurations are the two most popular types utilised in PET detectors. There are no
inter-element gaps since the monolithic scintillator design, which is currently only used to
one commercial scanner model, consists of a sizable single piece of scintillation material.
The majority of discrete crystal arrays used in commercial PET scanners are made up of
an array of small, individual scintillation elements in the form of a matrix [31].

A Scintillator suitable for PET should have the properties are depicted in figure 2
[32].
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Figure 1: The properties of the Scintillator suitable for PET

3. Direct Detection Method: PET is now researching the use of semiconductor detectors,
which are frequently employed in the field of radiation detection for the direct conversion
of incoming radiation into electrical signals (without the intermediate process of
generation, transport, and collection of light) [33]. The 511-keV photon interaction
physics in semiconductor photon detectors is identical to the indirect detection
(scintillation) situation, in which the ionising interactions produce a track of electron-hole
pairs.. The procedure for signal creation and collecting, however, differs. In a
semiconductor detector, mobile charge carriers drift towards and induce a current on
either electrode under the effect of an applied bias voltage on electrodes placed on
opposite sides of the crystal (electrons drift towards the anode while holes drift towards
the cathode) [34].

Aside from charge-attenuating effects, the overall induced charge on each
electrode is determined by the integral of the induced current over time, and this charge is
directly proportional to the energy of the 511-keV photon interaction. Electronic circuitry
with great sensitivity and low noise is used to read the resulting current signal [31].

V. ADVANCES OF NUCLEAR MEDICINE IN DEMENTIA

A devastating set of ailments known as neurodegenerative diseases can be challenging
to correctly identify. An early and accurate diagnosis can help in managing symptoms and
coping with these disease processes in their later stages, despite the fact that many disorders
are challenging to manage due to the relatively few therapeutic options available. Both
physiologic molecular imaging and anatomic structural imaging have advanced to the point
where it is now possible to accurately and early detect these neurodegenerative processes
[35].
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The radiologist should be aware of the various distributions and pathophysiologic
processes involved in order to identify the underlying disease. While molecular imaging
enables the visualization of altered function or abnormally increased or decreased
concentration of disease-specific markers, high-spatial-resolution MRI enables the detection
of subtle morphologic alterations, as well as potential consequences and alternate diagnosis.
These approaches complement one another. An integrated, multimodal, multidisciplinary
strategy is necessary for the proper workup and interpretation of diagnostic findings [36].

Clinical and neuropsychological evaluation, structural imaging should be
recommended as a first step because it enables the identification of additional pathologies
that may be responsible for cognitive decline, aids in determining the presence and severity
of co-morbidities, and is related to both topographical patterns and the degree of atrophy with
particular neurodegenerative conditions and their severity. However, compared to, say, FDG-
PET for neurodegeneration, sensitivity is lower and specificity is worse, therefore additional
biomarker testing is frequently needed [37].

1. PET imaging in dementia: A normal FDG-PET scan would suggest clinical stability
while an abnormal FDG-PET would imply cognitive decline, regardless of the outcome
of the amyloid tetramer, which has proven increased utility in predicting clinical
outcomes in persons with MCI and positive amyloid-PET. People with MCI and positive
amyloid-PET have showed improved clinical outcome prediction with FDG-PET imaging
[38].

The patterns of brain hypometabolism are distinct in different neurodegenerative
illnesses, and they are helpful for disease staging and differential diagnosis since they are
closely related to the kind and severity of cognitive deficits. Its fundamental drawback,
however, is that the identified hypometabolism patterns prevent conclusive inferences
about the underlying neuropathology. Only in circumstances when an FDG-PET pattern
characteristic for a certain diagnosis is absent, where atypical AD is a possibility, or when
the amyloid status is necessary might an amyloid-PET scan be recommended [39].

On the other hand, amyloid-PET imaging offers very high sensitivity and
specificity non-invasive in vivo detection of amyloid plaques—one of the key
neuropathological markers of AD. It is regarded as being extremely valuable in accurately
determining the etiological diagnosis of AD in dementia patients, particularly clinically
atypical types of AD [40]. On the other hand, a negative amyloid-scan can rule out AD as
the cause of cognitive impairment. Amyloid imaging has been shown to change
management in more than half of the patients tested in major prospective trials [42].
FDG-PET is thought to have higher specificity and better accuracy for short-term
progression, while amyloid-PET is thought to have higher sensitivity than FDG-PET for
predicting progression from MCI to AD dementia [42].

Amyloid imaging does not distinguish between discrete amyloid-positive
illnesses, and roughly one-third of cognitively healthy older people have positive amyloid
scans with unknown clinical significance [43].

2. FDG-PET in Alzheimer’s disease: Due to distinctive patterns of hypo metabolism
(lower FDG uptake), FDG-PET is a crucial tool in the early and differential diagnosis of
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AD. Studies conducted in the past have shown that FDG-PET is 94% sensitive and 73%
specific in detecting AD pathology. FDG-PET scans of the parietal-temporal association
cortices, posterior cingulate, and precuneus have shown hypo metabolism in Amyloid
plaque deposition and glucose metabolism has been studied in multimodal imaging
investigations employing FDG and amyloid PET. Results from this research have been
mixed, with some indicating a connection between local amyloid plaque load and
hypometabolism. With a sensitivity of 89%, FDG-PET can help with the clinical
diagnosis of FTLD utilizing a visual rating scale of brain metabolism. The early stages of
AD [44].

3. Frontotemporal Lobar Degeneration (FTLD) spectrum in dementia: Frontotemporal
lobe degeneration (FTLD), which includes numerous different disorders including frontal
and/or anterior temporal lobe degeneration as well as related dementia, is linked to
aggregated tau, as well as Pick bodies. Semantic dementia, behavioral frontotemporal
dementia (FTD), and progressive non-fluent aphasia are examples of frontotemporal lobar
degenerative illnesses [45].

FDG-PET has a well-established role in the FTLD spectrum based on distinctive
patterns of hypo metabolism linked to particular clinical syndromes, but amyloid-PET has
shown promise in separating AD from FTLD since amyloid plaques are often not a
component of the FTLD neuropathological spectrum. As a result, amyloid-PET is helpful
when a differential diagnosis between AD and non-AD causes of dementia is required
[46].

In contrast, FDG-PET can further address differential diagnosis within the FTLD
spectrum in patients who are amyloid-negative. After amyloid-PET or CSF tests, it is still
uncertain if PIB PET can be used to distinguish between FTD and AD because FTD
patients do not retain PIB, according to PIB (Pittsburgh Compound-B) PET studies. The
detection of frontotemporal lobe atrophy in PIB-positive patients may indicate a
mimicking of AD disease. Furthermore, the diagnosis of semantic dementia from AD can
be distinguished using amyloid PET imaging [47].

VI.AMYLOID PET IMAGING

There are currently disease-specific PET tracers for clinical usage to distinguish
between AD and MCI, such as tracers for amyloid-plaques to demonstrate or rule out brain
amyloid burden; florbetapir (18F), florbetaben (18F), and flumemetal (18F) [48].

Over the past ten years, [*'C] Pittsburgh Compound-B (PIB) has been the most
frequently utilized PET tracer for amyloid imaging. However, [**C] PIB's limited clinical
application is due to its short half-life, which necessitates an on-site cyclotron and
manufacturing apparatus [49]. Because of their longer half-lives, second-generation *F-
labelled amyloid tracers including **F-AV-45 (florbetapir), [*°F] AZD4694, [**F] florbetaben,
and [*®F] flutemetamol have a larger potential to aid in the accurate identification of dementia
disorders and the evaluation of disease-modifying therapy [50]. High-affinity PIB and 18F-
labelled PET tracers bind to the fibrillary amyloid's "sheet structure," specifically binding to
amyloid-peptide aggregates and no other misfolded proteins like tau or a-synuclein [51].
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Additionally, amyloid immunotherapies do not slow the progression of dementia
unless they substantially reduce tau pathology. Thus, in a patient with MCI, amyloid
deposition may have already peaked and plateaued by early AD [52]. In healthy-aged adults,
there is amyloid deposition, thus AD is not the only condition that causes it. ['C] PIB
According to PET scans, one-third of healthy older people exhibit increased amyloid
accumulation [53].

VII.AMYLOID IMAGING IN PARKINSONIAN DEMENTIA

In individuals with DLB and PDD, amyloid deposits measured with PIB-PET have
been linked to AD-like atrophy. Early amyloid deposition in DLB may be responsible for
dementia's early onset. Patients with DLB have a larger amyloid load than those with PDD,
although it is not as high as the PIB levels seen in AD [54]. PDD can be distinguished from
DLB by having a reduced overall amyloid plague load. Typically, PIB binding in people with
PDD is the same as it is in people with PD or in healthy people. However, it has been
demonstrated that cortical PIB retention in PD can foretell cognitive impairment.
Consequently, amyloid deposition may influence when dementia first appears in people with
Lewy body diseases [55].

VIII. TAU IMAGING IN ALZHEIMER’S DISEASE

For the first time, in vivo examination of tau pathology in dementias is now possible
obligation to advancements in the production of PET tracers that are specific for tau. The
THK series—[*®F] THK523, [*®F ] THK5105, [**F] THK5117, and [**F] THK5351—as well
as [*®F] AV1451 (also known as [*®F] T807) are examples of first-generation tau selective
PET tracers [56]. Compared to amyloid- fibrils, these tau tracers have a greater propensity for
binding to NFTs. First-generation tau tracers have limitations, though, because they bind to
MAO-A/B off-target [57]. Additionally, even in cognitively normal patients, [**F] AV1451,
[*|F] THK5117, and [*®F] THK5105 have significant retention in striatal regions. This is in
contrast to neuropathological studies and could cause the tau burden in nearby cortical
regions to be overestimated [58].

First-generation tau PET tracers mostly identify paired helical filaments with a
mixture of 3- and 4-repeat tau isoforms, which are hallmarks of AD-like tau pathology [59].
According to autoradiography experiments, [*°*F] AV1451 binds less strongly in non-AD
brains than it does in AD, raising questions about the potential of the compound to identify
4R-tau isoforms, which are prevalent in CBS and PSP [60].

Early PET investigations using [**F] THK523 revealed that AD patients had increased
retention in the hippocampus, temporal, parietal, and orbitofrontal cortices compared to
healthy controls [61]. However, [*®F] THK523's significant white matter retention makes it
difficult to accurately interpret signals visually, precluding usage in clinical or research
contexts [62]. Higher binding affinities were demonstrated by [**F] THK5105 and [**F]
THK5117 than [*®F] THK523. PET experiments with enhanced derivatives, [**F] THK5105
and [*®F] THK5117 showed binding in the temporal lobe that was unique from amyloid-PET
imaging with PIB and clearly distinguished AD patients from healthy older participants [63].
The absorption of [*®F] AV1451 in AD patients, according to in vivo investigations, is
consistent with Braak staging. Therefore, it appears that tau aggregation is closely related to
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patterns of neurodegeneration and clinical symptoms of AD, according to supportive
evidence from post-mortem and animal studies [64].

It may be determined through additional research combining tau and amyloid-PET
imaging if the buildup of amyloid initiates and expedites the spread of tau deposition outside
the mesial temporal cortex. The [®F] PI-2620 preliminary data show unique uptake patterns
in PSP compared to AD and high signals in brain areas with established tau pathology in AD.
In pilot research with five AD patients and four healthy controls, [**F]IMK-6240 was highly
uptake in areas associated with NFT deposition, but tracer binding in healthy subjects was
barely detectable [65].

IX. TAU IMAGING IN PARKINSONIAN DEMENTIA

Tau PET imaging offers the potential to separate DLB from PD and other
parkinsonian tauopathies according to patterns of tau disruption and shed light on how tau
aggregates contribute to cognitive decline in these disorders [66]. Tau deposition in DLB,
PSP, and CBS has so far been studied using PET imaging. CBS patients exhibit [*'C] PBB3
uptake in neocortical and subcortical areas according to preliminary findings in PSP and CBS
[67].

While in vitro research has demonstrated that [**F] AV1451 binds mostly to the
paired helical filament (PHF) of 3R-tau in AD brains, autoradiography research has showed
low but specific [**F] AV1451 binding in post-mortem CBS brains [68]. Studies using the
tracer [*°F] AV1451 have revealed retention patterns in CBS patients that are consistent with
the known location of tau pathology, with significant uptake in the frontal and parietal
cortices. In CBS patients, [18F] AV1451 uptake was higher on the side that had more
parkinsonism and cortical dysfunction [69]. Tau pathology in CBS has also been investigated
using PET with [*®F] THK5351. In five CBS patients, frontal, parietal, and globus pallidus
absorption of [*®F] THK5351 was higher than in healthy controls, with higher binding on the
side that was clinically the least affected [70].

Two studies that were recently published looked on the patterns of tau distribution in
DLB patients. In comparison to healthy controls, DLB has been shown to have increased
[*®F] AV1451 uptake in the posterior temporoparietal, occipital cortex, and precuneus [71].
The medial temporal cortex's increased [*®F] AV1451 uptake was able to differentiate
between likely DLB and AD dementia [71]. Cross-sectional studies have also examined the
absorption of [*®F] AV1451 and [*'C] PIB in patients with DLB in comparison to PD patients
without cognitive impairments (PD-CI), PD patients with cognitively normal PD symptoms,
and individuals with AD [72].

When compared to healthy controls, individuals with DLB and PD with cognitive
impairment showed higher cortical [*®F] AV1451 uptake, especially in the inferior temporal
and precuneus regions [71]. The existence of tau deposits and a low amyloid load suggested
that tau pathology is still feasible in DLB without the presence of amyloid. Additionally, in
DLB and PD patients with cognitive impairment, higher ['*®*F] AV1451 uptake but not [*'C]
PIB retention was connected with more severe cognitive impairment [72].
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The white matter pathways analyzed by MRI with diffusion tensor imaging (DTI),
which connects the hippocampus to the posterior cingulate gyrus, exhibit damage.
Volumetric alterations can be found using structural scans, such as an MRI, in preclinical
AD, MCI caused by AD, and AD patients with dementia. Increased grey matter atrophy can
be visible on MRI, primarily in the cingulate and hippocampal regions, which are also where
amyloid deposits have been found on an amyloid PET scan [74].

X. FLUID-ATTENUATED INVERSION RECOVERY (FLAIR) IN VASCULAR
DEMENTIA (VAD)

Following AD, VaD is the second most frequent cause of dementia. Stepwise
cognitive decline with interspersed periods of stability and acute symptom deterioration are
frequent characteristics[76]. The imaging appearance of VaD can be broadly divided
following [76].

e Large-vessel VaD,
e Small-vessel VaD

large-vessel
Valr

= Multi- infarct dementia
= Water Shed Infarction
» Stratergic single-infarct dementia

Small vessel
Waly
[Text]

* Subcortical VaD

* Lacunes

= Perivascular spaces

« Silent cerebral infarcts

Mlicro
hemarrhage
and dementa [Text]

* Cerebral Amvloid angiopathy

« CADASIL (cerebral autosomal
dominant arteriopathv withsubcortical
infarcts and leukoencephalopathv).

Micro Hemorrhage and Dementia: Vascular insults in numerous small or big vessels over a
lengthy period of time can be blamed for the pathogenesis. The vascular insult seen in both
small vessel and big vessel illnesses is denoted by a hyper-intense signal on T2-weighted and
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fluid-attenuated inversion recovery (FLAIR) imaging. Micro hemorrhages seen in VaD can
also be found with T2/FLAIR imaging [77].

The imaging methods used to assess patients with VaD now include cross-sectional
imaging with CT and MR as well as CT angiography or MR angiography. These diagnostic
techniques are fairly accurate in determining the magnitude and site of both symptomatic and
asymptomatic (silent) strokes [78]. Microbleeds, anoxic/hypoxic brain damage, and
recognising the alterations of gliosis and encephalomalacia can all be diagnosed with great
success using magnetic resonance imaging (MRI) [79]. MRI or CT perfusion techniques can
also be used to determine the parenchymal perfusion status. The use of DWI-apparent
diffusion coefficient (ADC) in the diagnosis of hyperacute infarction is well-established [80].

XI.SPECT IMAGING IN DLB

DLB is a relatively prevalent type of dementia that can also manifest as parkinsonism,
visual abnormalities, and neurocognitive deterioration. According to volumetric studies, DLB
patients had higher retained hippocampus, amygdala, and temporal lobe volumes than AD
patients. Patients with DLB exhibit considerably less uptake of FDG on FDG-PET in the
visual cortex [81]. Performing a dopaminergic transporter (DAT) scan with a radiotracer like
(1231) FP-CIT can be useful in evaluating dopaminergic function in DLB [82]. This
demonstrates that DLB patients have much lower dopaminergic activity. The efficacy of
123I-metaiodobenzylguanidine (MIBG) cardiac scintigraphy in separating DLB from AD
may be constrained by interference with results caused by co-existing heart diseases and
diabetes mellitus [83].

With the help of medial temporal lobe uptake and a substantial difference in AV-1451
uptake between patients with AD and those with possible DLB, AD and probable DLB were
entirely differentiable in a tau PET research utilizing 18F-flortaucipir (AV-1451) [84].

Metabolic studies involved in DLB imaging: By measuring metabolic activity in vivo with
the appropriate radiotracers, molecular imaging modalities such as single-photon emission
tomography (SPECT) and fluorine-18-fluorodeoxyglucose positron emission imaging (FDG-
PET) have been instrumental in understanding the complex pathophysiology of DLB [85]. In
a study that also linked cerebral hypometabolism to visual hallucination symptoms, patients
with DLB who experienced visual hallucinations had higher levels of hypo metabolism than
those who did not—mostly in visual association areas as opposed to the primary visual cortex
[86].

The cingulate island sign (CIS) in FDG-PET is also regarded by the Dementia with
Lewy Bodies (DLB) Consortium as a positive indicator of DLB [87]. The posterior cingulate
of patients with DLB has a brain metabolism that is relatively conserved when compared to
individuals with Alzheimer's disease (AD), and it is also known that this metabolism has a
negative link with the stages of Braak neurofibrillary tangles. Additionally, several research
point to a link between CIS and visual complaints in DLB patients [88].

XIl. IMAGING INVOLVING DOPAMINERGIC ACTIVITY

Dopamine transporter (DAT) imaging with SPECT employing [123l] FP- CIT-
SPECT or 2-carbomethoxy-3-(4-iodophenyl)-N-(3-fluoropropyl) nortropane as a radiotracer
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can be used to evaluate dopaminergic activity [89]. This demonstrated that in striking contrast
to both the AD and healthy control groups, people with DLB had considerably lower FP-CIT
binding in the caudate and anterior and posterior putamens [90]. In comparison to the original
clinical diagnosis, which had a sensitivity of 75% and specificity of 42%, a study found that
an FP-CIT SPECT scan for DLB had a sensitivity of 88% and a specificity of 100% [91].

An abnormal [1231] FP- CIT-SPECT scan has a sensitivity of 77.7% for suspected
DLB and a specificity of 90.4% for excluding other aetiologies of dementia that are unrelated
to Lewy body pathology, according to a clinical investigation including 326 patients [92].
Furthermore, it has been observed that DLB patients had higher nigroputaminal fractional
anisotropy (FA) values than AD or control groups [93].

Another study found that although the [1231] FP- CIT-SPECT scan is quite useful for
differentiating between AD and DLB, it only has a 67% specificity when used in
frontotemporal dementia (FTD) patients. The majority of DLB patients in this study did
exhibit noticeably reduced DAT binding, but a third of the FTD group also displayed similar
results [94].

X111, I-METAIODOBENZYLGUANIDINE (MIBG) CARDIAC SCINTIGRAPHY

Congestive heart failure, ischemic heart disease, coronary artery disease, vasospastic
angina pectoris, and cardiomyopathy are some of the various cardiac disorders for which
MIBG scintigraphy was initially created to evaluate postganglionic presynaptic cardiac
sympathetic nerve terminals [95]. Decreased cardiac (123) I-Metaiodobenzylguanidine
uptake has been linked to a number of illnesses with Lewy bodies, and studies have found
that MIBG cardiac scintigraphy can effectively differentiate between Alzheimer's disease and
dementia with Lewy bodies, two very frequent aetiologies of dementia [96].

I-metaiodopropylguanidine (123) cardiac scintigraphy can accurately differentiate
between two groups of diagnoses: one consisting of AD, multiple system atrophy (MSA),
progressive supranuclear palsy (PSP), vascular dementia (VaD), and frontotemporal dementia
( FTD) patients are included. which are essentially non-Levy body-related conditions; and
others include patients with Parkinson's disease (PD), dementia with Lewy bodies [97].

In a different study, the diagnostic value of the 123I-MIBG scan in DLB was
reevaluated after a three-year follow-up following the initial diagnosis. It was found that both
early and follow-up imaging of the presence of comorbidities like diabetes or cardiac disease
can interfere with the 123I-MIBG scan and might produce false-positive results [98].

I-Metaiodobenzylguanidine (MIBG) Cardiac Scintigraphy in Parkinson’s Disease: Even
in individuals with very early PD, as identified by the Hoehn & Yahr (H&Y) staging method,
who do not exhibit clinically significant symptoms or signs of autonomic dysfunction, MIBG
uptake is reduced [99]. Reduced MIBG uptake can be a sign of how bad the disease will go in
the end. These results imply that MIBG scintigraphy might be an effective PD detection
method [100]. The H/M ratios in both the early and delayed photos tended to drop as the
H&Y phases advanced, according to a study, however, this link was not statistically
significant. The link between MIBG uptake and the PD phenotype was also demonstrated by
MIBG scintigraphy [101].
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In general, bradykinesia, rigidity, and axial symptoms such as speech, posture, and
gait are negatively associated with MIBG uptake or H/M ratio [102]. However, a study on the
predictive value of MIBG scintigraphy in relation to the severity and progression of
Parkinson's motor symptoms suggested that MIBG scintigraphy does not predict the
progression of other motor symptoms, such as resting tremor, postural tremor, and
bradykinesia. Instead, it predicts the speed of progression on stiffness and axial symptoms
[103].

Patients with PD may have humerous non-motor symptoms prior to developing motor
symptoms. Pre-motor PD refers to PD cases that first present these non-motor symptoms, and
these instances can also exhibit poor MIBG uptake, suggesting that this is a good
measurement to identify PD in its preclinical stages [104]. In the clinical diagnosis of
Parkinson's disease (PD), scans without evidence of dopaminergic deficiencies (SWEDDs)
are described as instances with normal dopamine transporter scans. SWEDD cases can be
difficult to diagnose and are frequently mistaken as PD [105]. Additionally, a recent study
found that MIBG scintigraphy may be useful in separating patients with SWEDDs from those
with PD [106].

XIV.CONCLUSION

Nuclear medicine and its many uses seem to have a significant impact on the
diagnosis, categorization, management, and potential treatment of AD in the present and the
future. According to recent estimates, the number of Americans who will be directly or
indirectly affected by AD trauma is increasing at an alarming rate.

For those whose minds are prematurely taken from them, nuclear medicine can help
in the diagnosis and prevention of AD. Patients, families, and society can be helped by
nuclear medicine to avoid the dreadful toll that AD is predicted to have on the human race.
For research and clinical usage, molecular and functional imaging techniques for Alzheimer's
disease and other degenerative dementias are being developed at an accelerating rate. These
imaging techniques can aid in early diagnosis, prognosis determination, and clinical
clarification by demonstrating pathophysiological molecules of disease, detection of
neurochemical changes, and physiological selectivity of disease-specific neurodegeneration.
These imaging tests are critical for access to prompt and accurate diagnosis and effective
treatment today when drugs are being rapidly developed aimed at slowing the progression of
the disease.
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