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 Positron Emission Tomography (PET) is a technology which makes fast advance in the 
field of Nuclear Medicine. It is different from the X-ray Computed Tomography and Magnetic 
Resonance Imaging (MRI), where mostly anatomical structures are shown and their functioning 
could be evaluated only indirectly. In addition, PET can visualise the biological nature and 
metabolite activity of the cells and tissues. It also has the capability for quantitative 
determination of the biochemical, physiological and pathological process in the human body 
(1). The spatial resolution of PET is usually 4-5mm and when the concentration of the positron 
emitter in the cells is high enough, it allows to see small size pathological zones with high 
proliferative and metabolite activity ( 3, 7, 17). Following fast and continuous improvement,  
PET imaging systems have advanced from the Bismuth Germanate Oxide (BGO) circular 
detector technology to the modern Lutetium Orthosilicate (LSO) and Gadolinium Orthosilicate 
(GSO) detectors (2, 7, 16). On the other hand, the construction technology has undergone 
significant progress in the development of new combined PET-CT and PET-MRI systems 
which currently replace the conventional PET systems with integrated transmission and 
emission detecting procedures, shown in Fig. 1.  
 

      

 

 
 
Fig. 1 A modern PET-CT system with one gantry. 
 
 The sensitivity and the accuracy of PET based methods are found to be considerably 
higher compared to the other existing imaging methods and they can achieve 90-100% in the 
localisation of different oncological lesions (4, 11, 13, 14). This also has improved the diagnostic 
and prognostic capabilities of PET in the fields of cardiovascular and brain deseases (9). 



 Historical review 
 

 The imaging technique using positron emission was introduced for the first time in the 
1950’s by Wrenn and Brownell (6, 18). Their equipment was supplied with a dual head detecting 
system and crystals of sodium iodide. The first positron computed tomograph was constructed by 
Phelps, Hoffman, Ter-Pogosian and their team in 1974, but  the modern tomographic scanning 
systems have started their advance only after the development of the X-ray computed tomography 
by Hounsfied and Cormack, for which they have received a Nobel Prize in 1978. During the last 
years many scientific and research centres have worked on the improvement of the technology, as 
well as on the production of  positron emitters. In the middle 1980’s the manufacturing 
technology of cyclotrons with various energies have advanced to such a level that new low energy 
devices called “baby cyclotrons” have emerged on the market (Fig. 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
    
   
 
Fig. 2 A modern 10MeV cyclotron for 18FDG production located closely to a PET-CT 

scanning system. 
 

 This kind of equipment has low energy levels up to 10MeV and is used for the production 
of 18FDG (fluoro-deoxyglucose) and other positron emitting radiopharmaceuticals currently used 
in the clinical practice. One of the differences between PET and the conventional nuclear 
medicine techniques, including SPECT (Single Photon Emission Computed Tomography), which 
has provoked the introduction of PET technology is that the chemical elements structuring the live 
matter: Oxygen, Nitrogen, Carbon and their isotopes 15O, 13N, 11C, plus Flourine (18F), which is a 
Hydrogen substitute, are only positron emitters. 
 

 Principles and technical characteristics of PET and PET-CT scanning systems 
 

 The principal difference between PET and the conventional nuclear medicine 
technology – gamma scintigraphy using planar, dynamic and tomographic images in SPECT 
cameras have determined the future of this new technology. The fast advance of PET in 
modern diagnostics is based on three fundamental differences: 

 

1. Using a transmission phase before the emission PET scanning, a high level 
rejection of the scattered radiation is achieved. Thus, a visualization with an option 
for quantitative evaluation of the maximum radionuclide concentration in the 
targeted organ or pathologic lesion is possible. 

2. The absence of collimators in front of the detectors of the PET scanning system 
makes this technology far more effective than SPECT gamma cameras, because the 
later have 99% of the gamma emission  absorbed or scattered by the collimators 



3. The images obtained using PET characterize the intimate biochemical cellular 
metabolism, because the four basic chemical elements building the organic 
compounds and the live structures, including the bases of DNA and RNA are: 
Carbon - 11C(T1/2=20min), Oxygen - 15O (T1/2=2min), Nitrogen - 13N and Fluorine 
18F (T1/2=110min). Fluorine can substitute Hydrogen in the organic chemical 
compounds and plays the role of Hydrogen equivalent in the energy exchange 
process. Neither of these elements release gamma radiation and for this reason they 
cannot be used in the conventional gamma scintigraphy. 

 
 The base of PET technology is the detection of high energy photons. When a positron 
emitting radionuclide is introduced in the human body, each positron strikes an electron after 
travelling a certain distance of several millimetres. This interaction causes a spontaneous 
anihilation. As a result the mass of the two interacting particles is converted into energy of a 
pair of gamma photons at 512 keV each, and emitted in oposite directions.  For the registration 
of this gamma radiation a crystal of Bismuth Germanate Oxide (BGO) is used in combination 
with photomultipliers, as it is done with the gamma cameras. At early stage of the development 
of this technology, usually two detector heads positioned at 180 degrees and rotated along a 
circle were used to capture the gamma radiation. One disadvantage of such a system is that it 
cannot capture those photons falling outside the area of the detectors. Later, a circular detector 
was constructed to make use of the total amount of radiation emitted from the object (8, 12, 15). 
To improve the spatial resolution multiple detector elements consisting of a crystal and a 
photomultiplier were arranged in a circular shape. The whole detector could also be 
manufactured in layers, so that the radiation from the object or the patient could be registered in 
multiple parallel planes. These planes coincide with the transverse planes crossing the patient. 
After the reconstruction images from a certain volume within the patient are obtained, and 
moving the patient perpendicular to the reconstructed plane a whole body scan could be done.  
 Some detecting systems a based on a combination of four photomultipliers and a 
crystal with multiple cuts at different depths that form 32 separate smaller crystals. Such an 
element have functional capabilities of 32 separate detecting elements and increases 
considerably the resolution. The amplitude of the signal from the photomultiplier depends on 
which crystal has captured the gamma photon and is proportional to the crystal location (10). 
Further, the signal from each detector is taken to form an angular profile for each sector along 
the detector. These profiles are used later in the reconstruction algorithm. 
 In the recent years the functional capabilities of the detectors were improved  using new 
crystal materials such as Lutetium Orthosilicate (LSO), Gadolinium Orthosilicate (GSO) and  
Yttrium Orthosilicate (YSO) (9, 16). These materials increase the frequency of each photon 
capture and provide higher radiation uptake and better image quality from the region of interest.  
 
 Radiopharmaceuticals used in PET imaging in oncology, cardiology and brain deseases 
 

The following isotopes, 18F, 11C, 15O and 13N, are the most frequently used positron 
emitters in the radiopharmaceuticals and they all have a very short half life time, from 122 
seconds for 15O to 110 minutes for 18F. These radionuclides are produced in cyclotrons by 
bombardment of specific stable nuclides with accelerated protons or deutrons. Fluorine is less 
frequently found in nature but it can easily substitute Hydrogen in the compounds containing 
hydroxyl groups. Theoretically, using these four radionuclides all organic molecules, 
including DNA, RNA and the specific proteins in the human body could be labelled. These 
molecules participate in the metabolism of the cell structures, myocard, brain, as well as in 
different tumour lesion, metastases or recurrent proliferative processes, which makes PET 
technology very prospective in cardiology, neurology and mostly in oncology. 
 Fluorodeoxiglucose (18FDG) is one of the most frequently applied radiopharmaceuticals 
for PET for its comparatively long T1/2 (110min). Not only it allows its production on the place 



of usage, but also a delivery over a certain distance to other PET facilities. Similar to glucose, 
the uptake of FDG in the cells is mediated by the GLUT proteins. Inside the cells FDG and 
glucose are phosphorilated by the enzyme hexokinase. Unlike glucose, FDG-6-phosphate 
cannot be further metabolised. The activity of glucose-6-phosphatase, which controls the 
dephosphorilation of glucose-6-phosphate into glucose is low in most cells except liver cells. 
Being a molecule of high polarity FDG-6-phosphate cannot pass through the cell membrane and 
remains in the cell. This intracellular uptake of 18FDG is proportional to the need of glucose for 
the cell itself. Tumour cells have particularly high proliferative index, which leads to highly 
increased uptake of 18FDG inside  the fast dividing neoplastic cells. The degree of this uptake is 
used for quantitative evaluation of the Standard Uptake Value (SUV), which is calculated by 
comparing the quantity of the uptake from defferent regions of interest using the formula: 
 
      Activity in mCi/ml 

SUV   =           [1] 
        Dose in mCi/kg 
 
 Using the determined SUV it is possible to assess the activity of a pathological process 
by its dynamic quantitative evaluation, as well as by its image characteristics (14). 
 
 Clinical application of PET 
 
 The distribution of PET studies in the different parts of clinical practice according to 
the year 2004 reports are as follows: 5% in nuclear cardiology; 15% in the nuclear neurology; 
and 80% in nuclear oncology. 
 During the recent years encouraging results were published in the fields of: 
primary diagnostics, staging, loco-regional control, recurrances and metastases, as well as 
follow-up the effect of the complex treatment of various oncological deseases. In this 
regard PET and PET-CT scanners have become inseparable part of the diagnostic 
algorithm in the United States and the European Union countries. 
 

     
Fig. 3  Patient with squamous cell carcinoma of the right tonsil, stage T3N0M0 with increased 

uptake of the 18FDG in the right tonsil with local infiltration on the coronal, 
transversal and sagittal projections (Results from studies conducted at the Cantonal 
University Hospital - Geneva, Switzerland). 



 The clinical success of 18FDG PET is based on two major principles: 
  
 1. First principle: Evaluation of biochemical activity of the process inside the detected 

primary tumour lesion, knowing that the glucose consumption in malignant tumour 
cells is very intense (Fig. 3). This fact allows the differentiation between malignat 
and benign tumours, postoperative visualisation of tumour remnants, early 
detection of neoplastic recurrances from tissue fibrosis after operations or after 
completed radiotherapy. It also helps the planning process in radiotherapy. 

 2. Second principle: Determination of the degree of the oncological process 
development with visualization of lymph metastases (Fig.4a,b) and distal 
metastases (Fig. 5a,b), which has an impact on the treatment strategy. 

 
 

             
 
   a)           b) 
 
Fig, 4 Two lesions are visualised with patologic uptake of  the 18FDG at the level of  the 

toungue root, where there are a primary tumour and regional metastatic lymph node, 
difficult for palpation: a) coronal scan; b) transverse scan. (Results from studies 
conducted at the Cantonal University Hospital - Geneva, Switzerland) 

 
 
 
 
  
 
 
 
          
               
 
     a)     b) 
 
Fig. 5  Lymph metastases in one patient with a Hodgkin Lymphoma after: a) a  PET without 

CT superposition of  the images was conducted;  b) a PET-CT study the same lymph 
nodes are visualised with a good topographic projection. 

 
 There are also few limitations of the described method, such as low proliferative 
activity and moderate increase of the uptake of 18FDG in the prostate cancer. High increase of 
the SUV in some acute inflammations, for which dynamic follow-up is needed are also 
observed. In such cases the inflammatory changes show SUV’s higher than 2.2 (14) which 
quickly decrease back to normal values after anti-inflammatory treatment. These observations 
are not typical for the neoplastic process. Table 1 represents the application of PET in the 
clinical diagnostics and follow-up of different deseases of social significance. 



Organs and systems Clinical application of PET
Brain Primary tumour localisation

Degree of metastasing in brain tumours
Postoperative and postradiotherapy residual tumour tissue
Relapses
Epileptic lesions
Degenerative deseases: Parkinson desease, Alzheimer desease, 
Huntington desease

Head and neck tumours Unknown primary lesion
Loko-regional lymph node staging
Treatment effect, recidives

Differential tyroid cancer Detection of recurrencies with negative 131-I scan
Metastases detection with negative 131-I scan

Nonsmall cell lung cancer Differentiation between benign and malignant processes
Visualisation of solitary lesions in patients with high operative 
risk
Finding of local recurrencies
Lymph nodes involvment staging

Pancreatic cancer Differential diagnosis between chronic pancreatite and 
carcinoma

Colorectal cancer Staging, recurrencies and metastases
Germinative tumours, incl. Seminomas and teratomas Detection of residual tumour tissue after treatment
Malignant melanoma Detection of lymphatic and visceral metastases in patients of 

"high risk", at II and III stages
Malignant lymphomas Initial staging

Visualisation of residual infiltrates and recidives  
 
Table 1  The most used clinical applications of PET. 
 
 In September 1997, an interdisciplinary consensus was achieved and an International 
Protocol “Guidelines for the clinical use of PET in Oncology” was formulated 
  
 Conclusion: 
 
 Based on the technical characteristics, the latest development and the results from its 
clinical application it could be concluded that PET gives large opportunities to go deeper in 
the knowledge of brain function and myocard imaging and is promising imaging method for 
diagnosing, staging, and treatment effect follow-up of the malignant deseases. As a method of 
high sensitivity, it could be combined with the high contrast methods, such as CT and MRI to 
obtain a spatiel localisation of the regions with high radionuclide uptake overlapped on the 
corresponding anatomical structures of the body. These combined methods (PET-CT, PET-
MRI) contribute significantly to the improvement of the treatment planning and to follow-up 
the treatment effect. 
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