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Positron Emission Tomography (PET)

What is Positron Emission Tomography (PET)?

Positron Emission Tomography (PET) is a three-dimensional medical imaging

technology used in nuclear medicine. A radioactive substance is administered to

the patient, who is then placed within the viewing field of a scanner that images

the distribution of the substance in the organism. PET differs from other medical

imaging technologies in that it allows metabolic activity in the tissues and blood

flow to be observed.

How does PET work?

PET tracks the distribution of a specific molecule, called a tracer, in the body. To

carry out a PET scan, the tracer is labeled with a positron-emitting radioisotope.

Positively charged positrons are the anti-particles of the negatively-charged

electrons.

A minute amount of tracer is injected into the patient’s bloodstream, causing no

pain or adverse reactions. The isotopes contained in the tracer release the

positrons. As each positron leaves the isotope nucleus, it comes into contact with

an electron, causing the annihilation of both particles and the emission of two

photons, or light particles, that travel in opposite directions. These photons are

simultaneously detected by the PET scanner cameras and the data is fed into a

computer, to be converted into a 3-D image of the tissues where the tracer is

present.
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The tracer is selected according to the specific function of the organism to be

observed. For example, to identify cancer cells, a glucose molecule, in which one

of the oxygen atoms has been replaced by a Fluorine-18 atom, may be used.

This tracer makes it possible to identify areas in the organism where glucose

uptake is higher than normal, notably in the case of cancer cells, which have a

higher metabolism than normal cells.

Fluorine-18, incorporated into fluorodeoxyglucose (or FDG), is the most

commonly used isotope in PET scans. Other isotopes used are Oxygen-15,

Nitrogen-13 and Carbon-11.

What type of equipment is required to carry out a PET scan?

A cyclotron

In a PET scan, the patient is injected with a tracer marked with a positron-

emitting radioisotope. These radioisotopes are produced by a particle

accelerator called a cyclotron. Since cyclotron technology is based on

nuclear energy, it must be shielded against radiation.

Most of the isotopes used in PET scans have a very short half-life — from

two minutes for Oxygen-15 to 110 minutes for Fluorine-18. PET facilities

must therefore be located sufficiently close to a cyclotron to allow the

products to be transported in a short time.

A radiochemical laboratory

Once radioisotopes have been generated by the cyclotron, they are

combined to the tracer in a radiochemical laboratory.

A PET scanner

After the tracer has been injected, the patient is placed under a PET

scanner made up of ring-shaped detectors. This scanner detects the

photons (or rays) emitted by the tracer.

A PET scanning facility also requires radiation safety equipment and the

necessary computer equipment to process the data and produce 3-D images.
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Highly qualified personnel are required to operate a PET scanning facility: a

technician, nursing staff, radiopharmacist and nuclear medicine specialist. For

cyclotron-equipped facilities, cyclotron operators and radiation chemists are also

needed.

What are the main clinical applications of PET technology?

PET has proven to be useful in a variety of medical fields, helping to detect

certain types of cancer, cardiac disease and neurological disease. The list of

recognized clinical applications of PET continues to grow as the research

advances.

Where are Québec’s PET scanning facilities located?

Québec has two PET centres, both equipped with a cyclotron. They are located

at the Montréal Neurological Institute and at the Centre hospitalier universitaire

de Sherbrooke.

How does Québec compare with other countries/provinces in terms of its
PET scanning facilities?

Country or province Number of scanners per million inhabitants

United States 0.4

Canada

British Columbia 0.3

Ontario 0.3

Québec 0.3

Europe

Germany 0.9

Belgium* 0.9

France* 0.1

United Kingdom 0.2
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Australia* 0.2

 _______________
*Additional acquisitions under way

Various sources, 1999-2001

How much does PET cost?

Acquisition costs

Cyclotron $2.5M to $4.6M

Dedicated PET scanner $2M to $3M

Setup costs

Cyclotron $0.25M to $1M

PET scanner $0.1M to 0.25M

Other costs

Training TBD

Operation Variable

Medical fees $250 per scan

Source: Agence d’évaluation des technologies et des modes d’intervention en santé
(AÉTMIS)/Agency for Health Services and Technology Assessment
Tel.: (514) 873-2563
Fax: (514) 873-1369
E-mail: aetmis@aetmis.gouv.qc .ca
Web site: www.aetmis.gouv.qc.ca


