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DESCRIPTION
Positron Emission Tomography, commonly known as PET, is an 
advanced imaging technique that visualizes metabolic and 
molecular activity within the human body. Unlike 
conventional structural imaging, which primarily displays 
anatomy, PET focuses on physiological processes occurring at 
the cellular level. By using biologically active molecules 
labeled with positron-emitting radioisotopes, PET provides 
insight into tissue metabolism, receptor distribution, and 
biochemical pathways. This functional perspective has 
expanded understanding of neurological disorders, 
oncological conditions, and cardiovascular disease. The 
principle behind PET is based on the detection of positrons 
emitted from radioactive tracers introduced into the body. 
These tracers are typically analogues of naturally occurring 
compounds such as glucose, amino acids, or 
neurotransmitters. One of the most widely used tracers in 
neuroimaging is fluorodeoxyglucose labelled with fluorine-18. 
After intravenous administration, this compound accumulates 
in cells in proportion to their glucose utilization. Brain regions 
with higher metabolic demand show increased uptake, while 
areas with impaired function demonstrate reduced activity. 
The emitted positrons interact with electrons, resulting in 
annihilation events that produce pairs of gamma photons 
traveling in opposite directions. These photons are detected 
by a ring of sensors within the scanner, and computational 
reconstruction generates detailed three-dimensional images 
of tracer distribution.

In neurology, PET has played an important role in evaluating 
cognitive disorders. Identifying such metabolic signatures 
assists clinicians in differentiating disease from other forms of 
dementia. Additionally, tracers targeting amyloid plaques and

tau protein aggregates enable visualization of pathological 
deposits associated with neurodegeneration. This molecular 
imaging capability supports earlier diagnosis and contributes 
to therapeutic decision-making. Epilepsy evaluation also 
benefits from PET imaging. In individuals with drug-resistant 
seizures, interictal PET scans may reveal focal regions of 
decreased metabolism corresponding to epileptogenic zones. 
These findings complement electroencephalographic data and 
magnetic resonance imaging when planning surgical 
intervention. By identifying areas responsible for seizure 
generation, PET assists in defining resection targets while 
preserving functional cortex.

Beyond neurology, PET is widely applied in oncology. 
Malignant cells frequently exhibit increased glucose 
consumption compared to surrounding tissues, resulting in 
elevated tracer uptake. Whole-body PET imaging enables 
detection of primary tumors, assessment of nodal 
involvement, and identification of distant metastases. The 
exact measures such as standardized uptake value provide 
semi-quantitative assessment of metabolic intensity, aiding in 
monitoring response to chemotherapy or radiation therapy. A 
decline in tracer uptake over time may indicate effective 
treatment, whereas persistent or rising activity can suggest 
residual or recurrent disease. Cardiac applications include 
evaluation of myocardial viability. In patients with coronary 
artery disease and impaired ventricular function, PET can 
differentiate between viable but under perfused myocardium 
and irreversibly scarred tissue. Areas demonstrating 
preserved metabolic activity despite reduced perfusion may 
recover contractility following revascularization. This 
information assists cardiologists in determining whether 
surgical intervention is likely to improve cardiac performance.
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Technological advancements have enhanced PET imaging 
performance. Hybrid systems combining PET with magnetic 
resonance imaging allow simultaneous acquisition of 
metabolic and anatomical data. This integration improves 
lesion localization and reduces overall scanning time. 
Improvements in detector materials and time-of-flight 
technology have increased spatial resolution and sensitivity, 
enabling more accurate quantification of tracer distribution. 
Digital detectors further enhance image clarity and reduce 
noise. Safety considerations are integral to PET imaging. 
Although radioactive tracers expose patients to ionizing 
radiation, the administered doses are carefully calculated to 
minimize risk while maintaining diagnostic quality. The short 
half-life of commonly used isotopes limits prolonged radiation 
exposure. Strict protocols for tracer production, handling, and 
administration ensure patient and staff safety.

Limitations of PET include cost, availability, and the need for 
specialized radiochemistry facilities to produce short-lived 
isotopes. Not all healthcare centers possess cyclotrons or 
radio pharmacies capable of generating specific tracers. In 
addition, metabolic alterations detected by PET may not 

always correspond directly to structural abnormalities, 
necessitating correlation with other imaging modalities and 
clinical findings. Recent developments in tracer design have 
expanded PET applications beyond glucose metabolism. Radio 
ligands targeting dopamine receptors assist in evaluating 
movement disorders such as Parkinson’s disease. Other 
tracers measure neuro inflammation, synaptic density, or 
neurotransmitter synthesis, offering deeper insight into brain 
function. Quantitative analysis methods continue to evolve, 
improving reproducibility and cross-center comparability. As 
understanding of molecular pathology advances, Positron 
Emission Tomography continues to contribute valuable 
information regarding cellular activity and disease 
progression. By visualizing metabolic processes rather than 
solely anatomical structures, PET enhances diagnostic 
accuracy, informs treatment planning, and supports 
longitudinal monitoring across multiple medical disciplines. Its 
ability to depict biochemical activity in living tissue 
distinguishes it as a powerful tool in contemporary medical 
imaging.
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