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Introduction

Positron Emission Tomography (PET) and Single-Photon Emission Computed To-
mography (SPECT) imaging serve critical clinical functions in diagnosing and
managing neurodegenerative conditions. These sophisticated techniques are in-
strumental in identifying specific pathologies, such as amyloid and tau protein
aggregates characteristic of Alzheimer’s disease, and detecting dopamine trans-
porter loss observed in Parkinsonian syndromes. By revealing these molecular
markers, PET and SPECT imaging significantly aid in achieving early diagnoses
and effectively differentiating between various complex neurological disorders [1].

The field is seeing a surge in novel radiopharmaceuticals specifically designed
for PET imaging. These new agents target both neuroinflammation and neurode-
generation, moving beyond the traditional amyloid and tau markers to visualize a
broader array of molecular targets. This advancement holds considerable promise
for enhancing the early and accurate diagnosis of conditions such as Alzheimer’s
and Parkinson’s diseases [2].

PET imaging has an established and evolving role in the diagnosis and under-
standing of different forms of dementia. It leverages well-known tracers for as-
sessing amyloid pathology and glucose metabolism. Furthermore, there is a con-
tinuous development of new ligands targeting tau proteins and indicators of neu-
roinflammation, which proves invaluable for differential diagnosis and effectively
monitoring the progression of these diseases [3].

Molecular imaging, particularly through PET techniques, offers powerful tools for
detecting and quantitatively measuring neuroinflammation in diverse brain disor-
ders. Key to this is the development and application of specialized radiotracers,
particularly those designed to target the translocator protein (TSPO), which allows
for clear visualization of the immune response occurring within the brain [4].

A comprehensive overview of both current and experimental PET radiotracers un-
derscores their importance in imaging neurodegenerative diseases. This includes
tracers for amyloid, tau, markers of neuroinflammation, and assessments of synap-
tic density. These tools are proving their worth in several critical areas: enabling
early detection, facilitating differential diagnoses, and meticulously monitoring the
efficacy of various therapeutic interventions [5].

SPECT imaging is also making significant strides in visualizing neuroinflamma-
tion, a process known to be fundamental in many neurological disorders. The
ongoing development of novel SPECT tracers that specifically target inflammatory
markers is noteworthy. This modality holds substantial future potential for both
diagnostic applications and for monitoring the effectiveness of treatments [6].

Nuclear medicine imaging provides a broad and essential perspective on neurode-
generative disorders, integrating both PET and SPECT technologies. This com-
bined approach facilitates the detection of crucial molecular alterations, such as
amyloid plaques, tau tangles, and neuroinflammation. Such capabilities are vital
for achieving early and precise diagnoses, as well as for tracking the advancement
of these debilitating conditions [7].

A specific area of focus within imaging is dopamine transporter (DAT) imaging,
which utilizes both SPECT and PET, particularly in the context of Parkinsonian syn-
dromes. This technique is remarkably effective at distinguishing essential tremor
from Parkinson’s disease and other forms of atypical parkinsonism. Consequently,
it provides crucial diagnostic information that guides clinical decisions [8].

Beyond clinical applications, SPECT imaging is increasingly used in preclinical
models for central nervous system disorders. Here, it helps researchers investi-
gate underlying pathological mechanisms and rigorously evaluate novel therapeu-
tic strategies. This highlights SPECT’s indispensable contribution to drug devel-
opment and a deeper understanding of disease processes [9].

Recent advancements in PET imaging for neurological diseases represent signifi-
cant progress across the entire spectrum of patient care. From enabling earlier and
more accurate diagnoses to playing a critical role in monitoring the effectiveness of
various treatments, PET technology continues to evolve. This evolution is driven
by continuous innovation in both tracer development and imaging techniques [10].

Description

Positron Emission Tomography (PET) and Single-Photon Emission Computed To-
mography (SPECT) imaging are fundamental tools in the clinical landscape for
diagnosing and managing neurodegenerative conditions. They enable the identi-
fication of specific pathologies, like the presence of amyloid and tau aggregates,
which are hallmarks of Alzheimer’s disease. Moreover, these imaging modalities
can detect dopamine transporter loss, a key indicator in Parkinsonian syndromes.
Such detailed molecular insights are invaluable for early diagnosis and for dis-
tinguishing between various neurological disorders, offering clinicians a clearer
picture of a patient’s condition [1]. The broader application of nuclear medicine
imaging, encompassing both PET and SPECT, consistently reveals molecular al-
terations such as amyloid plaques, tau tangles, and neuroinflammation. These
capabilities are crucial for prompt diagnosis and for continuously tracking disease
progression, ensuring timely interventions [7].
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New radiopharmaceuticals are constantly emerging for PET imaging, specifically
designed to target neuroinflammation and neurodegeneration. These innovative
agents aim to visualize molecular targets that extend beyond the traditional amy-
loid and tau markers, paving the way for improved early and accurate diagnosis of
conditions like Alzheimer’s and Parkinson’s disease [2]. PET molecular imaging
techniques are particularly adept at detecting and quantifying neuroinflammation
across a range of brain disorders. This involves the careful development and ap-
plication of specific radiotracers, especially those targeting the translocator pro-
tein (TSPO), which allows for the visualization of the immune response within the
brain itself [4]. Similarly, SPECT imaging is advancing rapidly in its ability to vi-
sualize neuroinflammation, a process central to many neurological disorders. The
development of novel SPECT tracers that specifically target inflammatory markers
is ongoing, promising significant future potential for both diagnostic applications
and monitoring therapeutic outcomes [6].

PET imaging holds a pivotal role in diagnosing and understanding various forms of
dementia. It employs both established tracers, which assess amyloid burden and
glucose metabolism, and a growing suite of emerging ligands designed to detect
tau pathology and neuroinflammation. This comprehensive approach is essential
for accurate differential diagnosis and for closely monitoring how these diseases
evolve over time [3]. A thorough review of current and investigational PET radio-
tracers for neurodegenerative diseases highlights their broad utility. These tracers
target amyloid, tau, neuroinflammationmarkers, and even synaptic density, provid-
ing multifaceted diagnostic and monitoring capabilities. Their applications span
from early detection and differential diagnosis to assessing the effectiveness of
therapeutic interventions [5].

Dopamine transporter (DAT) imaging, utilizing both SPECT and PET, is highly
specialized for diagnosing Parkinsonian syndromes. This technique provides crit-
ical diagnostic information, effectively helping clinicians differentiate between es-
sential tremor, Parkinson’s disease, and other forms of atypical parkinsonism [8].
Moreover, SPECT imaging extends its utility into preclinical research, applying to
models of central nervous system disorders. Here, it is instrumental in investigat-
ing the underlying pathological mechanisms of these conditions and in evaluating
the efficacy of novel therapeutic strategies, thereby playing a crucial role in drug
development and advancing our understanding of neurological diseases [9].

Significant advancements in PET imaging for neurological diseases are continu-
ously reshaping the field. These innovations address the entire spectrum, from
enabling earlier and more accurate diagnoses to playing a crucial role in monitor-
ing treatment efficacy. The ongoing evolution of tracers and imaging techniques
underscores the dynamic nature and growing importance of PET in neurological
care [10].

Conclusion

Nuclear medicine imaging, specifically Positron Emission Tomography (PET) and
Single-Photon Emission Computed Tomography (SPECT), plays a pivotal role in
diagnosing and managing neurodegenerative conditions. These modalities help
identify specific pathologies, such as amyloid and tau aggregates in Alzheimer’s
disease and dopamine transporter loss in Parkinsonian syndromes, which aids in
early diagnosis and distinguishing various disorders. Researchers are continually
developing new radiopharmaceuticals for PET imaging, focusing on visualizing
molecular targets beyond traditional amyloid and tau markers, especially those re-
lated to neuroinflammation and neurodegeneration. This advancement promises
more accurate and earlier diagnoses for conditions like Alzheimer’s and Parkin-
son’s. PET imaging is crucial for understanding and diagnosing different forms of
dementia, utilizing established tracers for amyloid and glucose metabolism, along-
side emerging ligands for tau and neuroinflammation. This helps in differential

diagnosis and tracking disease progression. Molecular imaging techniques, par-
ticularly PET, are also used to detect and quantify neuroinflammation across vari-
ous brain disorders, with a focus on radiotracers targeting the translocator protein
(TSPO) to visualize the brain’s immune response. Both established and inves-
tigational PET radiotracers are being explored for a range of neurodegenerative
diseases, covering amyloid, tau, neuroinflammation, and synaptic density. Their
utility extends to early and differential diagnosis, and monitoring therapeutic re-
sponses. SPECT imaging also contributes significantly to visualizing neuroin-
flammation, with novel tracers targeting inflammatory markers, indicating future
potential for diagnosis and therapy monitoring. The broader application of nuclear
medicine imaging, encompassing both PET and SPECT, allows for the detection
of molecular alterations like amyloid plaques, tau tangles, and neuroinflammation,
which are vital for early diagnosis and monitoring disease progression. Dopamine
transporter (DAT) imaging via SPECT and PET is particularly useful in Parkinso-
nian syndromes, helping to differentiate essential tremor from Parkinson’s disease
and other atypical parkinsonism. SPECT imaging also finds applications in pre-
clinical models of central nervous system disorders, aiding in the investigation of
pathological mechanisms and the evaluation of new therapeutic strategies. Recent
advancements in PET imaging for neurological diseases cover everything from
precise early diagnosis to monitoring treatment efficacy, highlighting the evolving
nature of tracers and techniques. This collective body of work underscores the
expanding utility and critical importance of nuclear imaging in neurological health.
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