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 Nuclear 
◦ Pertaining to nucleus / Radioactivity 

 

 

 Imaging 
◦ Forming images 



 Positron Emission Tomography (PET) 

 

 Single Photon Emission Computed 
Tomography (SPECT) 

 



 Images of the metabolic activity of living 
organisms on the biochemical level 

 

 Detected by introducing a short-lived 
positron emitting radioactive tracer 
◦ radiopharmaceutical, by either intravenous injection 

or inhalation 

 

 A process called radioactive labeling  
◦ one atom in a molecule is replaced by a radioactive 

radio-nucleotide 



 PET images help physicians identify normal 
and abnormal activity in living tissue.  
◦ functional chemical changes in the tissue 

 

 Reveals before the resulting abnormalities are 
visible on other functional imaging modalities 
such a regular functional magnetic resonance 
imaging ( fMRI) 

 



 Recognizes these metabolic changes by 
measuring the amount of radioactive tracers 
distributed throughout the body 

 

 Due to the availability of various types of 
radioactive isotopes, the specific metabolic 
changes resulting from assorted diseases 
make PET imaging particularly useful in the 
detection of malignancy in tumors. 



 

 The resolution of PET is far less than that of 
CT and MRI 

 

 PET images are often registered with CT or 
MRI images to superimpose the anatomical 
details of CT and MRI on the functional 
information of PET. 



 Physical and physiological principles of PET 

 

 Applications of PET in diagnostics 

 

 Single Photon Emission Computed 
Tomography (SPECT)  



 Radioactivity 

 Radioisotopes  

 Radionucleotide 

 



 Radio-Isotopes 
◦ 11C, 18F, 13N, and 15O 

 
 Radionucleotide 
◦ The radioactive substances in which some atoms 

are replaced by their radioisotopes. 
◦ 12C, 19F, 14N, and 16O are stable 
◦ Fluorodeoxyglucose (FDG) 
◦ a radioactive equivalent of glucose 

 

 FDG is produced by proton bombardment of 
18O enriched water 





 The engineered radiopharmaceuticals used in 
PET have unstable nuclei that degenerate to 
lower energy states. 

 

 The decay process is demarcated by a time 
constant of the decay called the half-life.  

 

 the time interval in which the atomic count of 
the isotope has dropped to half the initial 
quantity as a result of radioactive decay. 



 The half-lives of the main radioisotopes used 
in PET imaging span a range of almost 100 s 
to almost 100 min.  

 
S. No. Isotope Half-Life 

1 18F 109.7 min 

2 11C 20.33 min 

3 13N 10 min  

4 15O 122.24 s 



 All short-lived radioisotopes used in PET 
imaging decay by positron emission. 

 

 Positrons (β+) are emitted from the nucleus 
of radioisotopes that are unstable because 
they have an excessive number of protons 
and a positive charge.  



 Positron emission stabilizes the nucleus by 
removing a positive charge through the 
conversion of a proton into a neutron: 
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 The positron will virtually immediately 
annihilate after the collision with free 
electrons abundantly available in the 
biological tissues.  

 

 the annihilation process releases energy 
greater than 1 MeV. 

 

 This energy in the form of gamma rays, is 
then measured by the detectors in the PET 
system. 

 





 A PET detector ring 
has several sections 
called gantry buckets.  

 The buckets are 
divided even further 
into blocks.  

 Generally, each block 
has a detector array 
with an 8 × 8 
configuration of 
detectors.  



 Scintillation 
◦ crystals composed of bismuth germanate (BGO) 

 The visible light photons are collected by 
photosensor arrays 

 scintillation events can be compared among 
all opposing detectors 

 PET scanning is invasive 



 The detectors are also called bins. In this 
configuration, each block has 64 detectors.  

 Each gantry bucket has four blocks, providing a 
subtotal of 256 detectors.  

 Completing the total circumference requires 16 
buckets, adding up to 4096 detectors.  

 Most commercial PET systems have two rings, 
yielding a total of 8192 detectors that all need to 
be operational at all times during a single scan.  

 Considering that the detector arrays are 8×8, 
and there are two rings, the axial plane is divided 
into 16 sections for simultaneous scans. 



 dose of radiation is around 7 mSv 

 2.2 mSv average annual background radiation 

 Up to 8 mSv for a CT scan of the chest 

 2–6 mSv per year for a person that travels 
frequently on planes 

 





 Monitoring the consumption of glucose is 
therefore measuring the metabolism of the 
cells.  

 

 Functionally affected tissues  
◦ More than normal / Less than normal metabolic 

rate 

 

 This is why PET is a functional imaging. 

 

 



 Cancer Tumor Diagnosis and monitoring of the 
treatment 
◦ increased cellular metabolic rate 
◦ High glucose uptake 

 
 Functional Brain Mapping 
◦ areas of high radioactivity are associated with brain activity 
◦ the tracer oxygen (15O) is usually used as the radioisotope 
◦ metabolic degeneration of the neurotransmitters in the brain 

of an Alzheimer patient 
 

 Functional Heart Imaging 
◦ the dead tissue can be separated from the living tissue in a 

PET scan 
◦ blockage of coronary arteries 



 There is no significant noise 

 

 The uptake of FDG, and thus 18F, is 
enhanced during any type of inflammatory 
process, which can result in false-positive 
recordings.  

 This reduces the overall accuracy of PET in 
certain types of diagnostic applications. 

 

 

 

 



 three main sources of blurring contribute in 
the visible blurring of the PET image. 

 

1. positron will travel some distance before it 
interacts with an electron and is annihilated 

◦ less than 1 mm 

 

2. a 0.5° spread  

 

 

3. Limited Resolution / Size of Detectors 

 

 



 Typically more expensive than CT 

 Less Resolution 

 



 The major differences between PET and 
SPECT are in the choice of radioisotopes and 
hence the energy of the emission. 
◦ only one single photon with 140 keV compared to 

511 keV 

 special collimators are required to acquire an 
image from multiple angles 

 collimators dramatically reduce the detection 
efficiency 

 


