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Introduction

Cardiovascular diseases (CVDs) are the leading cause of mortality
worldwide, accounting for nearly 18 million deaths annually. is
alarming statistic underscores the urgent need for advanced diagnostic
tools that can facilitate early detection, accurate diagnosis, and e ective
management of these conditions. Early and precise diagnosis is crucial
in preventing disease progression, optimizing treatment strategies, and
ultimately improving patient outcomes [1].

Nuclear medicine has emerged as a pivotal eld in the diagnosis and
management of CVDs, o ering sophisticated imaging techniques that
provide unparalleled insights into the heart's functional and metabolic
status. Among these techniques, positron emission tomography (PET)
and single-photon emission computed tomography (SPECT) stand out
for their ability to visualize and quantify myocardial perfusion, viability,
and function. Unlike traditional anatomical imaging modalities,
PET and SPECT provide functional information that is critical for
understanding the pathophysiology of cardiac diseases.

Positron Emission Tomography (PET) uses positron-emitting
radiotracers to produce high-resolution images that re ect the
metabolic activity and blood ow within the heart. s technique is
particularly valuable for assessing myocardial viability and detecting
areas of reduced blood ow, which are indicative of ischemic heart
disease. PET's quantitative capabilities allow for precise measurement
of myocardial blood ow, aiding in the di erentiation between viable
and non-viable myocardial tissue [2]. is di erentiation is crucial
for determining the appropriate therapeutic approach, such as
revascularization in patients with coronary artery disease (CAD).

Single-Photon Emission Computed Tomography (SPECT),
utilizing gamma-emitting radiotracers, is a widely accessible and
established method for myocardial perfusion imaging (MPI). SPECT
provides three-dimensional images of the heart, highlighting regions
with impaired blood ow. It is extensively used for the evaluation of
chest pain, strati cation of CAD risk, and assessment of myocardial
infarction. e technological advancements in SPECT, such as
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Single-photon emission computed tomography (SPECT): SPECT
utilizes gamma-emitting radiotracers to create three-dimensional
images of the heart. It is widely used for myocardial perfusion imaging
(MPI) to detect coronary artery disease (CAD). Technetium-99m
(~99mTc)-labeled agents such as ~99mTc-sestamibi and ~99mTc-
tetrofosmin are commonly used in SPECT imaging. Although SPECT
has lower resolution compared to PET, advancements in detector
technology and image reconstruction have signi cantly improved its
diagnostic accuracy.

Clinical applications

Myocardial perfusion imaging (MPI): MPI is a primary
application of both PET and SPECT, used to evaluate blood ow to the
heart muscle during rest and stress conditions. It helps in diagnosing
CAD, assessing the severity of ischemia, and guiding revascularization
decisions [6].

Myocardial viability assessment; PET imaging with ~18F-FDG
is considered the gold standard for assessing myocardial viability. It
helps determine whether dysfunctional myocardium is still alive and
potentially salvageable through revascularization procedures.

Cardiacsarcoidosisand in ammation: PET is increasingly used to
detectin ammatory conditions such as cardiac sarcoidosis. “18F-FDG
PET can identify active in ammation, aiding in the diagnosis and
monitoring of treatment response.

Heart failure and cardiomyopathy: Nuclear imaging techniques
are used to evaluate myocardial perfusion and metabolism in patients
with heart failure and various forms of cardiomyopathy.  ese insights
assist in tailoring therapeutic strategies and monitoring disease
progression.

Advancements in nuclear cardiac imaging

Hybrid imaging systems: e integration of PET/CT and SPECT/
CT combines functional imaging with anatomical detail, enhancing
diagnostic accuracy and allowing precise localization of perfusion
defects.  ese hybrid systems provide comprehensive assessments in a
single imaging session, reducing the need for multiple tests.

New radiotracers: e development of novel radiotracers targeting
speci ¢ molecular pathways has expanded the diagnostic capabilities of
nuclear cardiology. For example, ~18F- urpiridaz is being investigated
for its superior myocardial perfusion imaging properties compared to
traditional agents.

Quantitative imaging techniques: Advances in quantitative
imaging allow for more precise measurement of myocardial blood ow
and metabolic rates.  is quantitative approach improves the accuracy
of diagnosis and helps in monitoring therapeutice cacy [7].

Arti cial intelligence (Al) and Machine learning: Al and machine
learning algorithms are being integrated into nuclear cardiology to

enhance image interpretation, automate work ow, and improve
diagnostic accuracy.  ese technologies hold promise for personalized
medicine by enabling tailored treatment plans based on individual
imaging pro les [8].

Conclusion

Cardiac imaging with nuclear medicine has signi cantly advanced
the eld of cardiology, providing essential tools for the diagnosis,
management, and prognosis of cardiovascular diseases. Techniques
such as PET and SPECT, along with hybrid imaging systems and new
radiotracers, have improved the accuracy and e ciency of cardiac
assessments. As technology continues to evolve, the integration of
quantitative imaging and Al will further enhance the capabilities of
nuclear cardiology, leading to better patient outcomes. By adhering
to best practices and staying abreast of advancements, healthcare
professionals can optimize the use of nuclear medicine in cardiac
imaging, ultimately improving the quality of care for patients with
cardiovascular diseases.
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