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Introduction

The radiopharmaceuticals are administered to patients through injection,
ingestion, or inhalation, depending on the nature of the test and the targeted
area. Once inside the body, the radiopharmaceuticals travel to the tissues
or organs of interest, where they emit detectable radiation. Imaging devices,
such as Positron Emission Tomography (PET) or Single-Photon Emission
Computed Tomography (SPECT), capture this radiation to create detailed
images that reveal the function and condition of the targeted areas. Medical
imaging with radioisotopes, commonly known as nuclear medicine imaging, is
a powerful and non-invasive diagnostic tool that provides detailed insights into
the structure, function, and biological processes within the body. The use of
radiopharmaceuticals in medical imaging is revolutionizing the way clinicians
diagnose, monitor, and treat a wide range of conditions, from cancer and
cardiovascular disease to neurological disorders and infections. By tracking
the distribution and metabolism of the radiopharmaceuticals in the body,
nuclear medicine offers real-time, functional information, complementing
structural imaging techniques to provide a holistic view of a patient’s health.
Radiosensitizers can help overcome this resistance by improving oxygen
levels in tumor tissues the meticulously analyse of the images to identify the
tumor's precise location and the location of critical structures. After identifying
the target volume and critical structures, dosimetrists use specialized software
to calculate the optimal distribution of radiation dose.

The use of radium in the early for therapeutic purposes marked the
beginning of radiation-based treatments. One of the primary applications of
nuclear medicine is medical imaging using radioactive isotopes, also known
as radiopharmaceuticals. These isotopes emit gamma rays, which can be
detected by specialized cameras called gamma cameras or Single Photon
Emission Computed Tomography machines. The most commonly used
radiopharmaceutical is technetium-99m, which has a short half-life and is safe
for diagnostic purposes. The roots of nuclear medicine can be traced back
to the early 20" century when scientists first began to explore the properties
of radioactive materials. Radioactivity and this ground breaking discovery
paved the way for the development of nuclear medicine. Nuclear medicine
is a specialized branch of medical imaging that utilizes the principles of
nuclear physics to study the structure and function of organs and tissues
within the body. Unlike traditional imaging methods that focus on anatomy,
nuclear medicine provides unique insights into physiological processes at the
molecular and cellular levels. This is achieved by introducing small amounts
of radioactive substances, known as radiopharmaceuticals or tracers, into the
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body. Radioactive isotopes undergo spontaneous decay, emitting radiation
in the form of alpha or beta particles or gamma rays. In nuclear medicine,
gamma-emitting isotopes are commonly used. These are compounds
containing a radioactive isotope combined with a biologically active molecule.
These tracers are designed to mimic the body's natural compounds, allowing
them to be taken up by specific tissues or organs [1].

Nuclear medicine is a rapidly advancing field of medical science that
harnesses the principles of atomic energy to diagnose, monitor, and treat a
wide range of medical conditions. Using radioactive materials—referred to
as radiopharmaceuticals or radioactive tracers—nuclear medicine provides
clinicians with invaluable insights into the structure, function, and behavior
of organs and tissues. Unlike conventional imaging techniques that focus
primarily on anatomy, nuclear medicine offers a functional perspective of
how the body’s systems are working in real-time, making it an essential tool
in modern healthcare. In this article, we will explore the principles behind
medical imaging with radioisotopes, its applications and its significance
in clinical practice. Medical imaging with radioisotopes involves the use of
radioactive materials, known as radiopharmaceuticals, to obtain images
of organs, tissues and physiological processes within the body. These
radiopharmaceuticals contain a radioactive isotope combined with a
biologically active molecule, allowing for targeted delivery to specific tissues or
organs. When administered to a patient, these compounds emit gamma rays,
which can be detected by specialized imaging devices. These are compounds
in which a radioactive isotope is chemically bound to a biologically relevant
molecule, such as glucose or a protein. Medical imaging plays a pivotal role in
modern healthcare, enabling healthcare professionals to visualize the internal
structures and functions of the human body noninvasively. Among the various
imaging modalities available, medical imaging with radioisotopes, a subset
of nuclear medicine, has emerged as a powerful tool for diagnosing and
monitoring a wide range of medical conditions [2,3].

Description

This technique utilizes radiopharmaceuticals, which are radioactive
compounds that consist of a radioactive isotope attached to a biologically
active molecule. These radiopharmaceuticals enable precise targeting of
specific organs, tissues, or cellular processes, offering a level of detail that
traditional imaging methods—such as X-rays, CT scans, or MRIs—cannot
achieve. Nuclear medicine often contain regions with limited oxygen supply
(hypoxia), which are more resistant to radiation. While the term "atomic
energy" may evoke concerns about nuclear accidents or radiation exposure,
the amounts of radioactive material used in nuclear medicine are extremely
small and tightly regulated for safety. The benefits of these technologies far
outweigh the minimal risks, especially since the radiation used for diagnostic
imaging is usually non-invasive and involves low doses. Additionally, on-
going research aims to create novel radiopharmaceuticals, improve imaging
resolution and enhance the safety and accessibility of these techniques.

As a result, medical imaging with radioisotopes continues to evolve and
play a vital role in advancing healthcare by offering non-invasive, accurate
and personalized diagnostic and therapeutic solutions. Medical imaging with
radioisotopes has revolutionized the way healthcare professionals diagnose
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and manage various medical conditions. By harnessing the unique properties
of radioactive materials, this imaging modality provides valuable insights into
the human body's structure and function, ultimately improving patient care and
outcomes. Nuclear medicine plays a crucial role in diagnosing various medical
conditions, including cancer, heart disease and neurological disorders. By
administering radiopharmaceuticals, physicians can track the distribution and
concentration of radioactive substances within the patient's body. This allows
for the visualization of organ function, blood flow and metabolic activity, aiding
in disease detection and localization. Positron Emission Tomography (PET)
is another powerful nuclear medicine technique that provides insights into
cellular metabolism. PET scans use positron-emitting radiopharmaceuticals,
such as Fluorodeoxyglucose (FDG), to detect areas of increased metabolic
activity. This technology is invaluable in cancer staging, monitoring treatment
response and evaluating brain function [4].

The key advantage of using radiopharmaceuticals in imaging is their
ability to provide functional and molecular-level information about the body,
rather than just anatomical data. This functionality arises from the properties
of the biologically active molecule, which directs the radiopharmaceutical to
specific organs or tissues, where it accumulates and emits radiation that can be
detected and analyzed. Recent advances in nuclear medicine have led to the
development of targeted therapies, where radiopharmaceuticals are coupled
with molecules that specifically bind to cancer cells. This precision medicine
approach minimizes damage to healthy tissue and enhances the effectiveness
of treatment. Radioligand therapy, utilizing agents like PSMA-617 in prostate
cancer, is a prime example of this breakthrough. Despite its many successes,
nuclear medicine faces challenges, including radiation safety, accessibility
to radiopharmaceuticals and cost-effectiveness. However, ongoing research
is addressing these issues and pushing the boundaries of what nuclear
medicine can achieve. Theranostics, the concept of combining diagnosis and
therapy, is a promising frontier, as it tailors treatments to individual patients
based on their unique characteristics. Nuclear medicine is one of the most
powerful tools for diagnosing and staging cancer. PET scans, using tracers
like 18F-FDG (fluorodeoxyglucose), allow doctors to observe the metabolic
activity of cells in the body. Cancer cells tend to have higher metabolic activity
compared to normal cells, so they take up more of the radioactive tracer. This
allows for the detection of tumors even at early stages when they may not yet
be visible on traditional CT or MRI scans [5].

As the radiopharmaceuticals accumulate in the targeted tissues, they
begin to emit radiation. Imaging devices like PET and SPECT scanners detect
the radiation emitted by these isotopes. PET scanners detect positrons emitted
by isotopes like 18F, while SPECT scanners detect gamma rays emitted by
isotopes such as 99mTc. The detected radiation is used to create detailed,
three-dimensional images of the distribution of the radiopharmaceuticals
inside the body. These images reflect the metabolic activity and functional
state of organs and tissues, providing a unique, real-time view of cellular
dynamics. These cameras are equipped with lead collimators to focus
on specific areas of interest. Medical imaging with radioisotopes offers
several advantages, including its ability to provide functional and metabolic
information alongside anatomical details. This comprehensive approach
allows for earlier disease detection, more accurate diagnoses and the
monitoring of treatment effectiveness. Recent advancements in this field
include the development of hybrid imaging systems like PET/CT (Positron
Emission Tomography/Computed Tomography) and SPECT/CT (Single
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Photon Emission Computed Tomography/Computed Tomography). These
combine functional nuclear medicine imaging with high-resolution anatomical
CT scans, providing a more comprehensive view of the patient's condition.
The choice of radiopharmaceutical depends on the specific diagnostic or
therapeutic application. Gamma cameras or gamma scintillation detectors are
specialized imaging devices designed to detect and record the gamma rays
emitted by radiopharmaceuticals within the body.

Conclusion

As technology advances and our understanding deepens, nuclear
medicine remains at the forefront of medical innovation, promising a brighter
future for healthcare worldwide. Beyond diagnosis, nuclear medicine is
instrumental in therapeutic interventions. Radioactive isotopes can be used
to selectively target and destroy cancer cells in a treatment modality known
as radiotherapy. Radioactive iodine (I-131) is used to treat thyroid disorders,
while other isotopes like lutetium-177 and samarium-153 are employed in the
treatment of bone metastases and neuroendocrine tumors.
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