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Abstract

Alzheimer's disease (AD) is the most common cause of dementia in the elderly, affecting roughly half of
those over the age of 85. We briefly discussed the risk factors, epidemiology, and treatment options for AD.
The development of therapeutic therapies operating very early in the disease cascade has been spurred by
the realization that the disease process begins at least a decade or more before the manifestation of
symptoms. Thus, the clinical significance of early diagnosis was emphasized. Using various keywords, a
literature search was carried out using PubMed and other databases. For inclusion, pertinent articles were
chosen and reviewed. This article has reviewed different neuroimaging techniques that are considered
advanced tools to aid in establishing a diagnosis and highlighted the advantages as well as disadvantages of
those techniques. Besides, the prevalence of several in vivo biomarkers aided in discriminating affected
individuals from healthy controls in the early stages of the disease. Each imaging method has its advantages
and disadvantages, hence no single imaging approach can be the optimum modality for diagnosis. This
article also commented on a better approach to using these techniques to increase the likelihood of an early
diagnosis.

Categories: Internal Medicine, Neurology, Radiology
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Introduction And Background

Alzheimer's disease (AD), a progressive neurodegenerative disorder, is the most common cause of dementia
in older adults, characterized by neurofibrillary tangles (NFTs) and neurotic plaques formed as a result of the
accumulation of amyloid-beta (AB) peptides, most commonly in the neocortical structures and medial
temporal lobe of the brain [1]. In 1907, Aloysius Alzheimer was the first to note these fibrils and plaques in
one of the deceased patients, and Emil Kraepelin coined the term AD [2]. It was predicted that by 2050, there
will be 152.8 (130.8 to 175.6) million cases of dementia worldwide, up from an expected 57.4 (50.4 to 65.1)
million cases in 2019. The expected increases varied geographically, with the biggest increases being seen in
eastern sub-Saharan Africa, North Africa, and the Middle East [3]. After the diagnosis of AD dementia, the
median survival time was six years in a European memory clinic-based cohort (median 6.2 years [range 6.0-
6.5]) [4]. At the age of 85, the prevalence of biologically defined AD is three times higher than that of
clinically defined AD, according to a first attempt at estimating prevalence using a biological (rather than
clinical) definition [5]. Advanced age is the single most significant risk factor for AD. Symptoms commonly
appear after the age of 60 for unexplained reasons. This condition affects around one out of every eight
adults aged 65 to 74. Every five years beyond 65, the number of people affected doubles, and AD affects
about half of all people over 85. A person's genetic makeup may also raise their chances of developing AD.
Specific genes may put a person at a higher risk of AD, which occurs beyond 60, but they do not make it
inevitable. People who have one or two copies of the APOE-e4 gene, for example, are more likely to acquire
the condition [6]. The Alzheimer's disease continuum describes the course of AD from undetectable brain
alterations to brain changes that cause memory issues and eventually physical incapacity. The three stages
are preclinical Alzheimer's disease, Alzheimer's-related moderate cognitive impairment (MCI), and
Alzheimer's-related dementia [7]. Variable but significant alterations and mild-to-moderate impairments in
numerous cognitive, functional, and behavioural domains are seen in people with very mild or mild AD
dementia. As evidenced by differential aging and AD impacts on cognitive networks, patterns of change may
overlap but are not part of normal cognitive aging [8]. Changes in mood, anxiety, and sleep are some of the
first signs that appear years before a clinical diagnosis of dementia. In the preclinical or early phases of AD,
anxiety, depressive symptoms, apathy, and withdrawal are all common [9]. Progression to later-stage
symptoms like impaired judgment, disorientation, confusion, severe behavioural changes like aggression
and agitation, and neuropsychiatric symptoms like delusions and hallucinations can go unnoticed and
undertreated until diagnosis [10]. Until 2010, clinical symptom reporting that fit the pattern of memory
failure and loss of functional independence in many cognitive domains was used to diagnose and manage
AD. The National Institute on Aging-Alzheimer's Association (NIA-AA) and Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) reclassification systems have expanded the range of AD
to encompass pre-clinical illness and MCI, laying the groundwork for the early detection of at-risk patients.
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There are now a few widely available diagnostic investigations, like body fluids and imaging examinations,
that can be used to supplement clinical evaluation for a more reliable diagnosis of AD pathology. The
therapy choices for Alzheimer's patients, on the other hand, remain supportive and symptomatic without
affecting the long-term prognosis [11].

Considering the disease's increasing prevalence and mortality, the pressure to discover effective procedures
for the early identification of AD is immense. Even though no effective medications can reverse existing
pathological alterations, delaying disease progression by lowering the risks and early interventions will
preserve the patient's functional level for a longer duration. With the realization that immediate action is
needed to decrease the burden of AD, a disease with rapidly rising expenses and few treatment choices, the
focus has shifted to identifying people far earlier in the disease process. Although there is currently no
therapy or cure for dementia, there is an urgent need to increase detection rates so that people at the most
significant risk can be identified early and actions are taken to slow or stop the disease's course [12].
Receiving an early diagnosis has several advantages for the patient, including providing a reason for the
symptoms and signs they are experiencing and ending their suspicions. Early diagnosis and subsequent
access to the appropriate treatments and support can help people gain control of their disease, remain
independent in their own homes for extended periods, and maintain a good quality of life for themselves,
their families, and their caregivers [13].

The purpose of this article is to review different neuroimaging techniques that are currently available that
can detect changes related to AD, highlight the findings related to the disease, evaluate the benefits as well
as drawbacks of those techniques, and finally conclude by commenting on better approach using these
techniques for early detection.

Review

This section focuses mainly on imaging techniques that help in the early diagnosis of AD. In the clinical
setting, structural neuroimaging is frequently used to differentiate between different kinds of dementia.
Computed tomography (CT) and magnetic resonance imaging (MRI) can be used to visualize and assess
structural changes in the brain, giving a measure of cerebral atrophy [14]. MRI and CT were the first imaging
techniques utilized for Alzheimer's disease. Still, they were employed to rule out other causes of dementia
rather than to identify AD at an early stage [15]. Although CT is the most commonly utilized due to its
inexpensive cost and ubiquitous availability, MRI provides superior contrast and tissue characterization.

Structural MRI (sMRI)

Protons have rotational momentum polarized in a magnetic field, which is exploited in MRI. This means
that a radiofrequency pulse can change the energy state of protons. After the pulse is shut off, the protons
will release a radiofrequency signal as they return to their original energy level. "Sequences" can be
constructed to be sensitive to various tissue properties by combining different gradients and pulses [15].
Post-mortem investigations have revealed that the medial temporal lobe structures, particularly the
entorhinal cortex and hippocampus, are the first to change in AD [16]. Early changes in the medial temporal
lobe structures, the entorhinal and perirhinal cortex, and the hippocampus follow a topographical pattern in
AD [17]. This pattern aids in diagnosing disease by imaging the above-mentioned brain areas. Studies show a
close relation between hippocampal volume loss and AD. Hence the volumetric measure of the hippocampus
helps identify the early stages of AD [18-20].

A comparative study done by Barber et al. in 1999 over 104 subjects aged between 75 to 78 years revealed
more significant hippocampal atrophy associated with AD than dementia with Lewy bodies (DLB). The above
study's findings are supported by another study conducted over 12 months by Mak et al. in 2015 by analysing
volumetric changes and spatiotemporal patterns in cortical and subcortical atrophy. Thus, when clinical
severity is matched, the severity of hippocampal atrophy in AD is more significant than in DLB and vascular
dementia (VaD) [21,22]. As a further advancement in diagnosis, hippocampal subfield measurement came to
the surface when Mueller et al. conducted a comparative study in 2010 over 91 subjects comprising AD, MCI,
and controls showed a higher sensitivity for hippocampal subfield measurement for early diagnosis, which
was backed by serial MRI studies done by Madusanka et al. in 2015 over 90 subjects including similar groups
as earlier study [23,24].

Apart from volumetric measurement, a cortical thickness examination could be used as a proxy marker for
neuronal loss associated with the histological abnormalities in the cortex seen in AD. In 2005, Lerch et al.
conducted a clinical trial on 36 subjects (19 AD, 17 controls), demonstrating significant cortical thickness
reduction in AD patients [25]. With the advent of SMRI, assessment of both volumes and cortical thickness
reduction is possible (Table ).
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MR
REFERENCE
measurement
Cortical
Mak et al. thickness and
[22] subcortical
volumes
Barber et al. Medial temporal
[21] volume
Cortical
Madusanka et  thickness and
al. [24] subcortical
volumes
Cortical
Mueller et al. thickness and
[23] subcortical
volumes
Lerch et al. Cortical
[25] thickness

ASSESSMENT CONCLUSION
GROUPS
13 DLB,
Atrophy 23 AD, 33 AD exhibited more significant hippocampal atrophy compared to DLB and HC.
HC
26 DLB,
Atrophy 28 AD, 24  AD exhibited more significant hippocampal atrophy compared to DLB and VaD.
VaD
30 AD, 30 . . . . .
Atrophy of the bilateral CA1, CA2- CA4, and subiculum subfields was higher in
Atrophy HC, 30 .
the case of AD than in MCl and HC.
MCI
18 AD, 20 . ) ”
subfield measurements might be a more sensitive way to detect MCI and early
Atrophy MCI, 53 .
He AD than measurements of the whole hippocampus.
TR 1 significant cortical thickness decline in AD in temporal, orbitofrontal, and parietal
Atrophy B ' regions, with the most pronounced changes occurring in the allocortical part of

the medial temporal lobes, outlining the Para hippocampal gyrus

TABLE 1: Summary of studies that used structural MRI for assessment of AD.

DLB-Dementia with Lewy Bodies, MCI-Mild Cognitive Impairment, HC-Healthy Controls, MTA-Medial Temporal Atrophy, MTL-Medial Temporal Lobe, VaD-
Vascular Dementia, AD-Alzheimer's Disease

With roughly 80% accuracy, sMRI alone can predict later conversion to AD in MCI cases [26]. In imaging,
hippocampus volumetry is the most well-established structural biomarker for AD, especially for early
diagnosis [27]. Studies have also shown volumetric analysis by high-resolution T1 images increases the
sensitivity and specificity of diagnosis [28]. Furthermore, as it does not use ionizing radiation, MRI is
considered safe and non-invasive. Also, one of the critical advantages of MRI is the availability of
equipment in hospitals and research facilities [15].

However, the molecular specificity of sMRI is low. It can't see the histological hallmarks of AD that include
AP proteins and NFTs. Therefore, it's a step behind molecular pathology [15]. As a result, one of the most
significant limitations of SMRI, in general, is the inability to directly detect the effects of AR plaques or NFTs
in the brain. sMRI demands specialized expertise and can result in high levels of measurement variability
[29]. The volume of the hippocampus or medial temporal lobe, the most researched brain region, has low
sensitivity and specificity, disqualifying SMRI as a stand-alone add-on test for AD dementia early detection
[30]. In atypical symptoms of AD, structural MRI may be unable to detect the disease early as studies show
sparing of the hippocampus in atypical AD [31].

Functional MRI (fMRI)

The bold oxygen level-dependent (BOLD) signal, which detects blood flow and volume changes, is used in
fMRI to construct dynamic representations of brain activity [32]. Compared to controls, people with AD
show little or less activation of the hippocampus and other medial temporal structures during memory tests
in a comparative study done by Sperling et al. in 2003. Increased brain activity during encoding in the
parietal and posterior cingulate areas suggests that the brain compensates for medial temporal impairment
[33]. fMRI can be used to investigate the functional connectivity within specific brain networks during
cognitive tasks, typically comparing one condition to a control condition. It can also explore the functional
connectivity within particular brain networks during the resting state. The intrinsic oscillations or time
course of the BOLD signal between brain regions are investigated using functional connectivity MRI (fc-MRI)
techniques [34].

Working memory, visuospatial ability, attention, semantic understanding, and motor performance are areas
where fMRI findings in AD have been discovered [35-39]. The at-risk patients performed the fMRI tasks
pretty well, which was a common aspect of the studies revealing evidence of elevated fMRI activity.
Hyperactivity was seen primarily during successful memory trials in event-related fMRI experiments,
suggesting that hyperactivity could be a compensatory strategy in the early stages of AD [40,41].
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REFERENCE MODALITY

Sperling etal.  Task-based
[33] fMRI

Greicius etal.  Resting-
[43] State fMRI

Zheng et al. Resting-

[44] State fMRI
X Resting-

Lietal. [45]

State fMRI

Resting-
Zhou et al.

State fMRI
[46]

Functional connections across regions in intrinsic networks implicated in the AD spectrum can be
discovered using resting-state fMRI. The default mode network (DMN), which shows more excellent brain
activity during rest than task engagement, is one of the networks of interest [42]. The hippocampus and
entorhinal cortex and the posterior cingulate cortex (PCC) showed abnormal coactivation during rest in AD
according to research done in the USA by Greicies et al. over 26 subjects in 2004. This demonstrates the
importance of the MTL in the DMN and confirms connection as a predictor of AD [43]. Zheng et al. published
an article on research conducted in 2017 on 70 subjects (32 AD, 38 HC), stressing the disruption of visual,
and sensory-motor connections. Evidence of disruption of the dorsal attention network in AD was found
through a comparative study by Li et al. in 2012. Research by Zhou et al. on 89 subjects (35 AD, 27 MCI, 27
HC) in 2013 confirmed thalamocortical network disruption. Thus, thalamocortical, dorsal attention, visual,
and sensorimotor networks are among the other large-scale brain networks disrupted in Alzheimer's disease
[44-46]. Both task-related and resting fMRI techniques can detect early brain damage associated with AD and
track therapy response over short periods (Table 2).

GROUP

7 AD, 10 young control
subjects, 10 elderly control
subjects

15 AD, 18 HC

32 AD, 38 HC

15 AD, 16 healthy elderly
control subjects

CONCLUSION

During an encoding challenge for Alzheimer's patients, researchers discovered lower
hippocampus activity and higher activation in the parietal lobes and posterior cingulate.

In Alzheimer's patients, there was less connection between the medial temporal regions
and the posterior cingulate cortex.

In Alzheimer's patients, functional connectivity was disrupted in numerous significant
networks, including the DMN, optical network, and sensorimotor network.

Functional connection declines in several regions of the dorsal attention network but not in
the ventral attention network

Functional connectivity was reduced in several regions of the thalamocortical network and

35 AD, 27 MCI, 27 HC the thalamo-DMN in Alzheimer's patients. MClI individuals saw similar, although more

moderate, declines.

TABLE 2: Summary of outcomes of different studies that used functional MRI on Alzheimer's

disease subjects.

AD-Alzheimer's Disease, MCI-Mild Cognitive Impairment, HC-Healthy Controls, DMN-Default Mode Network

Resting fMRI techniques may be more easily applied to at-risk clinical populations than task fMRI
approaches [47]. The morphology of regions with the highest amyloid burden in AD patients overlaps the
default network regions demonstrating abnormal task-related fMRI activity and dysconnectivity in MCI and
AD [40]. Since no extra equipment is needed, people do not need to be able to execute a cognitive action,
and a resting run may be added after safety or volumetric MRI protocol; fc-MRI may be particularly suitable
for use in clinical studies [15].

Although fMRI provides unique insight into pathophysiology, it is not recommended for routine clinical
usage [48]. The BOLD fMRI response varies between people, and there have been few investigations on the
repeatability of fMRI activation in older and cognitively challenged people reported so far [49,50].
Longitudinal fMRI investigations in individuals with progressive dementias are challenging for various
reasons. Because these approaches are compassionate to head motion, fMRI is likely to be challenging to use
in investigating individuals with more severe cognitive impairment. One of the critical benefits of task fMRI
activation investigations is lost if the patients cannot complete the cognitive task correctly. In more
seriously handicapped individuals, resting-state fMRI could be more possible [15].

Positron emission tomography (PET)

PET is a valuable method for investigating human brain activity in vivo. It can measure brain metabolism,
receptor binding for numerous neurotransmitter systems, and changes in regional blood flow without being
intrusive. PET radioligands bind to a receptor, transporter, or enzyme. Neuropathology is quantified by the
degree of tracer binding or uptake. This technique could be valuable for diagnosing neurological disorders,
devising treatments, and monitoring disease development [51]. The brain runs almost entirely on glucose as
an energy source. Fluorodeoxyglucose (FDG), a glucose analogue, is a good indicator of brain metabolism
and can be detected with PET when labelled with fluorine-18 (half-life 110 minutes) [15]. Regional cerebral
glucose consumption (CMRglc) is a precise measurement of integrated local neuronal activity as evaluated

by positron emission tomography (PET) and [18F]-2-fluorodeoxyglucose ([ISF] FDG) [52]. When FDG-PET
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scans of AD patients were compared to those of healthy people of the same age, patterns of metabolic
abnormalities in AD were discovered, leading to the discovery of a so-called FDG-PET endophenotype, which
is a characteristic of AD in which specific brain regions or areas are affected in a spatial pattern [15,53]. FDG
hypometabolism is a form of endophenotype in Alzheimer's disease, and several studies have found
hypometabolism in a set of limbic and related regions [54-57]. When overt dementia is present, FDG-PET has
been proven to help confirm the diagnosis of Alzheimer's disease, especially in cases when CSF analysis is
uninformative or conflicting [58]. FDG-PET has superior diagnostic value over MR volumetry based on a
clinical trial led by Santi et al. [54]. According to Jack and colleagues' hypothetical model of dynamic
biomarkers, aberrant FDG-PET precedes alterations apparent with MRI [59]. A deep learning system
designed for early AD prediction achieved 82% specificity at 100% sensitivity utilizing FDG-PET of the brain,
an average of 75.8 months before the final diagnosis [60]. In extensive research, Silverman et al. employed
FDG-PET as a diagnostic tool to distinguish healthy people from people with AD symptoms. FDG-PET has a
sensitivity of 94% and a specificity of 73% in detecting AD patients. Furthermore, the sensitivity was 95%,
with a specificity of 71% in individuals classified with doubtful or mild dementia [61]. Over time, FDG-PET
was found to be a more reliable and specific biomarker for early diagnosis of AD [27,15].

FDG-PET is mainly based on the hypometabolism of regions which in turn suggests neurodegeneration.
Therefore, stages of AD before neuronal degeneration are not detected [62]. Any PET scan involves an
intravenous injection of a tracer, making it an invasive method, and it is avoided in pregnant and lactating
women [63]. Heterogenicity in metabolic patterns between atypical and typical AD may reduce the accuracy
of FDG-PET [64]. AB plaques and NFTs deposition occur before neurodegeneration initiation, and FDG-PET
fails to detect these depositions [65].

Amyloid-PET

Accumulation of AR proteins is the earliest pathological change in AD. According to the amyloid cascade
hypothesis, loss of regulation between the formation and clearance of AR leads to the accumulation of
fibrils, further leading to neurodegeneration. Amyloid imaging offers hope for advancement because it
enables the direct evaluation of one factor that contributes to cognitive deterioration in AD. The basis of this
imaging is grounded on the fact that the hallmark of AD is the histological detection of AP plaques at post-
mortem autopsy. Currently, there are three FDA-approved amyloid radiotracers used in clinical practice:
[11C] Pittsburgh Compound-B ([11C] PiB), [18F] Florbetapir ([18F] FBP), and [18F] Flutemetamol ([18F] FMT)
[66-69].

[11C] Pittsburgh Compound-B ([11C] PiB)

Klunk et al. published the first human amyloid PET research utilizing [11C] PiB in January 2004). The half-
life of this molecule, which is radiolabelled with 11C, is approximately 20 minutes. As a result, it can only
ban on-site cyclotron facilities. Compared to healthy controls, AD patients frequently retained a significant
quantity of [11C] PiB in areas of the cerebral cortex that contained substantial amounts of fibrillar Ab plaque
deposition in AD patients [70]. Rowe et al. used the distribution volume ratio (DVR) approach to show that
AD and DLB patients had more [11C] PiB binding in neocortical areas than healthy control participants but
no cortical binding in FTD patients [71]. Rabinovici et al. found that amyloid-PET imaging with PiB might
identify Alzheimer's patients from those with other types of dementia like frontotemporal dementia (FTD)
[72].

18F-Labeled Radiotracers

[18F] Florbetapir ([18F] FBP) is an 18F-labeled amyloid PET ligand that detects amyloid accumulation in the
brain with reasonable accuracy. It is readily taken up through the blood-brain barrier (BBB) and cleansed out
of non-amyloid grey matter. It possesses a strong affinity for aggregated AB, good separation between the
radiotracer amyloid retention and the background signal, and a lengthy, stable pseudo-equilibrium that
allows for image capture scheduling flexibility [73,74]. [I8F] FBP was the first fluorinated radiotracer, having
retention ratios that were substantially linked to PiB [75]. It has a half-life of about 110 minutes, which is
longer than [11C] PiB and advantageous as it can be transported from the manufacturing site to a regional
PET scanner. [18F] Flutemetamol ([18F] FMT) is a PET radiotracer having a longer half-life than [18F] FBP,
allowing it to be dispersed in vivo for a longer time [68]. It is found that as an amyloid imaging agent, [18F]
FMT has similar potential as [11C] PiB but with a longer half-life [76].

Cost and availability are the prime obstacles that limit the widespread use of amyloid-PET. However, the
issue of availability has been reduced lately by the introduction of 18F-labelled radiotracers. Compared to
MRI and FDG-PET, amyloid imaging provides a significantly more binary diagnostic output. While amyloid
imaging shows some specificity for AD pathology when that pathology is missing, a negative amyloid-PET
scan will be the same regardless of dementia's non-AD cause. In contrast, when an amyloid-PET scan is
ambiguously negative in both circumstances, MRI and FDG-PET may indicate a frontotemporal or vascular
disease [15]. [11C] PiB scans showed the amyloid burden in elderly patients without any cognitive deficit but
with one or more alleles of the APOE4 gene and uncontrolled hypertension [77]. Clinical, mental, and
cerebrospinal fluid (CSF) indicators associated with Alzheimer's disease may be detected before cerebral AR
plaques are detected with amyloid imaging agents like PiB, which predominantly identify fibrillar AR
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plaques. A study by Cairns et al. showed that amyloid deposition had been found histologically even before
in vivo signals become positive [78].

Tau-PET

There has been no effective reversal or reduction of AD symptoms by targeting AB. As a result, the focus of
AD treatment research has switched to the function of tau in AD pathogenesis. Even though tau pathology is
thought to be secondary to AR accumulation, tau pathological alterations are more closely linked to disease
progression and cognitive impairments [79]. Tau is a protein abundantly expressed in CNS associated with
neurons' microtubules and helps stabilize the microtubules of axons [80]. Tau protein forms insoluble fibers
called paired helical filaments (PHFs) after hyperphosphorylation in AD, which later form aggregates in the
cytoplasm of neurons leading to the formation of NFTs [81,82]. The NFT load has been linked to the severity
of dementia and neurodegeneration in postmortem investigations rather than plaques [83]. Tau aggregation
is thought to play a significant role in neurodegeneration observed in AD despite knowledge of the proper
mechanism [84]. NFTs begin in the trans-entorhinal region, then spread to the entorhinal cortex and
hippocampus, eventually affecting the temporal cortex and other cortical areas [16]. Radiotracers developed
for Tau-PET must first cross the BBB and should reach NFTs located intracellularly.

Additionally, they must exhibit high specificity and rapid clearance rate [85]. The ultrastructural PHF type of
tau aggregates are most prevalent in AD. Hence most attempts to produce tau-PET tracers have focused on
imaging these PHFs [86]. A few of the tracers used in tau-PET are pyrido-indole derivatives, quinoline
derivatives, PBB3, and 18F-FDDNP.

Pyrido-Indole Derivatives

Flortaucipir and 18F-T808 are fluorinated pyrido-indole derivatives exhibiting a high affinity to tau
compared to amyloid plaques [87,88]. Flortaucipir shows a relationship to multiple binding sites on tau fibril
[89]. With modest levels of white matter uptake, flortaucipir exhibited over a 25-fold preference for tau
against A plaques [88]. However, flortaucipir had a poor affinity for tau aggregates, mostly of straight tau
filaments, indicating that it would not be a good radiotracer for disorders other than Alzheimer's [65].
18FT808 had a high tau affinity, quick absorption, and clearance, but it had the drawback of defluorination
followed by bone uptake [90].

18F-FDDNP

The PET radiotracer 18F-FDDNP was the first to be used in clinical PET imaging of tau pathology in
Alzheimer's patients, which stains neurofibrillary tangles and senile plaques prion plaques, and cerebral
amyloid angiopathy [91,92]. 18F-FDDNP binds diffusely throughout the neocortex and hippocampus in vitro
autoradiography of AD brain slices, demonstrating that 18F-FDDNP binds to both amyloid plaques and
neurofibrillary tangles [93,94]. 18F-FDDNP prefers to attach to AB rather than tau [95,36].

PBB3

PBB3 is an 11C-labelled radiotracer that can detect AD and non-AD tauopathies [95]. It has an affinity to the
binding site on tau that is different from other radiotracers [89]. This compound binds to a broad spectrum
of tau isoforms and has a 50-fold greater binding affinity for tau than AP [96].

Quinoline Derivatives

The earliest selective tau PET tracers were based on quinoline and benzimidazole derivatives, and they were
designed to image PHF tau. In their investigation, Okamura et al. created three novel compounds, BF-126,
BF-158, and BF-170, as potential probes for in vivo tau-PET imaging in the brain. The chemicals have a high
absorption rate and elimination rate from brain tissue. Additionally, these compounds could see NFTs and
PHF-type neuritis in a neuropathological examination, indicating that quinoline and benzimidazole
derivatives might be viable tau-PET tracers [97]. 18F-THK523 was the first 18F-labeled arylquinoline
derivative developed as a radiotracer for tau imaging. Compared to amyloid (1-42) fibrils, it binds to a more
significant number of binding sites on recombinant tau (K18280K) and its excellent affinity and selectivity
for tau pathology in vitro and in vivo have been proven in preclinical studies [98]. THK-5105 and THK-5117
demonstrated a superior binding relationship to tau-rich AD brain homogenates and tau protein aggregates
compared to THK-523 on performing In-vitro binding assays [99]. Later, (18)F-THK5351 was developed with
lower retention in subcortical white matter due to its rapid dissociation than THK5117. It showcased higher
contrast and fast kinetics as well [100].

Compared to AP, tau-PET tracers are still in development, and clinical confirmation of the tracers is
necessary [101]. The creation of new tau tracers is a continuous process in which numerous pharmaceutical
firms are working to enhance the tracers' pharmacokinetics and pharmacodynamics [84].

However, every technique discussed above has its limitations and advantages, rendering us in a difficult
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IMAGING
TECHNIQUE

Structural
MRI

Functional
MRI

FDG-PET

Amyloid-PET

Tau-PET

position to select a single modality as an epitome for the effective early diagnosis of AD (Table 3).

ADVANTAGES

1) MRI scanners are widely available and safe. 2) Good in volume prediction.
3) Atrophy correlates with cognitive decline.

1) evaluation of brain function non-invasively, safely, and effectively. 2) Areas
of abnormal activity correlate with areas of amyloid deposition. 3) Functional
connectivity between brain networks can be investigated.

1) Has high sensitivity and specificity. 2) Metabolic pattern differences help
predict the risk for conversion to AD. Diminished FDG uptake precedes clinical
manifestation. 3) Difference in topographic progression aids in finding AD
variants. 4) Considerable research yielded an FDG-PET endophenotype that
can be utilized for comparison.

1) Visualisation of AB plaques is possible and is considered the hallmark of
early AD. 2) PiB's retention time predicts MCI conversion to AD.

1) Tau buildup is believed to be closely associated with cognitive impairment.
2) high affinity of radiotracers for PHF tau. 3) Strong correlation between
neurodegeneration and NFTs.

LIMITATIONS

1) Reduced hippocampal volume is not specific to
AD. 2) NFTs and AB plaques cannot be observed
directly. 3} Absence of constant atrophic patterns in
AD subtypes. 4) Atypical AD is difficult to find.

1) Fails to detect AB plaques and NFTs. 2) Highly
sensitive to head motion. 3) Expensive. 4) Relatively
low temporal resolution.

1) Availability and cost are definite issues. 2) Injection
of radiolabelled tracer render it to be invasive. 3)
Glucose hypometabolism is not specific to AD.

1) Weak association between AB deposition and
iliness severity. 2) Injection of radiolabelled tracer
render it to be invasive. 3) Some of the healthy
controls also show PiB uptake. 4) AB buildup in
atypical forms is poorly understood.

1) Injection of radiolabelled tracer render it to be
invasive. 2) High degree of variability in tau
morphology amongst AD subtypes. 3) Still-new area
of study.

TABLE 3: Summary of advantages and limitations of different neuroimaging techniques in
Alzheimer's disease.

AD-Alzheimer's Disease, MCI-Mild Cognitive Impairment, MRI-Magnetic Resonance Imaging, NFTs-Neurofibrillary tangles, AB-Amyloid beta, PiB-
Pittsburgh Compound B, FDG-Fluorodeoxyglucose, PET-Positron Emission Tomography, PHF-Paired Helical Filament

Conclusions

Alzheimer's mainly affects older adults causing dementia due to neurodegeneration. AD is a disease with a
long period of subclinical stages. The role of imaging techniques for early diagnosis is mostly utilized in
prevention studies. This article discussed imaging modalities commonly used to diagnose AD, their

advantages, and their limitations. However, advanced MRI techniques like arterial spin labeling and diffuse
tensor imaging (DTI) are also pitched to understand AD. In PET imaging, efforts to develop suitable ligands
with high selectivity and affinity are ongoing. Therefore, no single imaging technique is sufficient for early
diagnosis, which led to a new concept called "multi-modal imaging". In this method, to increase diagnostic
accuracy, the same patient is subjected to multiple techniques. By this, the strengths and weaknesses of
different techniques complement each other increasing the diagnostic value. Among the techniques
mentioned above, PET imaging is obviously to be relatively more helpful in early diagnosis. But in a
practical world, all suspected cases cannot be subjected to PET imaging. The clinical significance of this
article is to emphasize the fact that no radio diagnostic method is conclusive on its own and multi-modal
imaging helps narrow down the cases in definite need of advanced molecular imaging, therefore avoiding
suspected cases from going through unnecessary imaging. This article should reinforce the minds of
practitioners that advanced, invasive techniques are not the sole modalities for early diagnosis. However, we
recommend further studies should be carried out to develop more sophisticated techniques and discover
better, safe, accessible, and cost-effective biomarkers to increase our current probability to diagnose AD
early.
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