Positron emission tomography (PET)
Positron emission tomography (PET) is a nuclear medicine imaging technique which produces a
three-dimensional image or picture of functional processes in the body. The system detects pairs of
gamma rays emitted indirectly by a positron-emitting radionuclide (tracer), which is introduced into
the body on a biologically active molecule. Images of tracer concentration in 3-dimensional space
within the body are then reconstructed by computer analysis. In modern scanners, this
reconstruction is often accomplished with the aid of a CT X-ray scan performed on the patient during
the same session, in the same machine.
If the biologically active molecule chosen for PET is FDG, an analogue of glucose, the concentrations
of tracer imaged then give tissue metabolic activity, in terms of regional glucose uptake. To conduct
the scan, a short-lived radioactive tracer isotope, is injected into the living subject (usually into blood
circulation). The tracer is chemically incorporated into a biologically active molecule The molecule
most commonly used for this purpose is fluorodeoxyglucose (FDG), a sugar, for which the waiting
period is typically an hour.
As the radioisotope undergoes positron emission decay (also known as positive beta decay), it emits
a positron, a particle with the opposite charge of an electron. After travelling up to a few millimeters
the positron encounters and annihilates with an electron, producing a pair of annihilation (gamma)
photons moving in opposite directions. These are detected when they reach a scintillator in the
scanning device, creating a burst of light which is detected by photomultiplier tubes or silicon
avalanche photodiodes
Radioisotopes
Radionuclides used in PET scanning are typically isotopes with short half lives such as carbon-11
(~20 min), nitrogen-13 (~10 min), oxygen-15 (~2 min), and fluorine-18 (~110 min). These
radionuclides are incorporated either into compounds normally used by the body such as glucose (or
glucose analogues), water or ammonia, or into molecules that bind to receptors or other sites of drug
action. Such labelled compounds are known as radiotracers.
PET is both a medical and research tool. It is used heavily in clinical oncology (medical imaging of
tumors and the search for metastases), and for clinical diagnosis of certain diffuse brain diseases such
as those causing various types of dementias. PET is also an important research tool to map normal
human brain and heart function.

