
 

 

 

 

POSITRON EMISSION TOMOGRAPHY SCAN (PET SCAN) 

 

“The Jewel Box”, (Kappa Crucis Cluster, NGC 4755), in the Constellation of Crux, (the 

Southern Cross), VLT, (Very Large Telescope), ESO (European Southern Observatory). 

 

On the 294th night, Shahrazad continued.... 

 

A story is told that one night, when the Caliph Harun al-Rashid was feeling restless he 

summoned his Vizier Ja’far the Barmecide. When he came the Caliph said: “Ja’far, I am 

very restive tonight and in a bad humour. I want you to fetch me something to cheer and 



relax me”. “Commander of the Faithful”, said Ja’far, “I have a friend, ‘Ali al-‘Ajami, 

who knows many entertaining stories that raise the spirits and remove sorrow from the 

heart”. “Bring him to me”, said the Caliph, to which Ja'far replied: “To hear is to 

obey”. He left the Caliph’s presence to look for ‘Ali, and sent a messenger to fetch him. 

When 'Ali had come Ja'far told him of the Caliph's summons. “To hear is to obey”, ‘Ali 

replied… 

 

When ‘Ali came into the presence of the Caliph he kissed the ground before him and then 

immediately began a story… 

 

“In the city of Persia, on the borders of your majesty’s realms, there were two brothers, 

one called Qasim and the other Ali Baba. These two had been left very little in the way of 

possessions by their father, who had divided the inheritance equally between the two of 

them. They should have enjoyed an equal fortune, but fate was to dispose otherwise. 

Qasim married a woman who, shortly after their marriage, inherited a well-stocked shop 

and a warehouse filled with fine goods, together with properties and estates, which all of 

a sudden made him so well off that he became on the wealthiest merchants in the city. By 

contrast, Ali Baba had married a woman as poor as himself; he lived in great poverty 

and the only work he could do to help provide for himself and his children was to go out 

as a woodcutter in a neighbouring forest. He would then load what he had cut on to his 

three donkeys - these being all that he possessed - and sell it in the city.  

 

One day, while he was in the forest and had finished chopping just enough wood to load 

on his donkeys, he noticed a great cloud of dust rising up in the air and advancing 

straight in his direction. Looking closely, he could make out a large crowd of horsemen 

coming swiftly towards him. Although there was no real talk of thieves in the region, 

nonetheless it struck him that that was just what these could be. Thinking only of his 

safety and not of what would happen to his donkeys, he climbed up into a large tree, 

where the branches a little way up were so densely intertwined as to allow very little 

space between them. He positioned himself right in the middle, all the more confident that 

he could see without being seen, as the tree stood at the foot of an isolated rock much 

higher than the tree and so steep that it could not be climbed from any direction.  

 

The large and powerful-looking horsemen, well mounted and armed, came close to the 

rock and dismounted. Ali Baba counted forty of them and, from their equipment and 

appearance, he had no doubt they were thieves. He was not mistaken, for this was what 

they were, and although they had caused no harm in the neighbourhood, they had 

assembled there before going further afield to carry out their acts of brigandage. What 

he saw them do next confirmed his suspicions. Each horseman unbridled his horse, 

tethered it and then hung over its neck a sack of barley which had been on its back. Each 

then carried off his own bag and most of these seemed so heavy that Ali Baba reckoned 

they must be full of gold and coins. The most prominent of thieves, who seemed to be 

their captain, carried his bag like the rest and approached the rock close to Ali Baba’s 

tree. After he had made his way through some bushes, this man was clearly heard to utter 

the following words: “Open, Sesame”. No sooner had he said this than a door opened, 

and after he had let all his men go in before him, he too went in and the door closed. The 

thieves remained for a long time inside the rock. Ali Baba was afraid that if he left the 

tree in order to escape, one or all of them would come out, and so he was forced to stay 

where he was and to wait patiently. He was so tempted to climb down and seize two of 

the horses, mounting one and leading the other by the bridle, in the hope of reaching the 



city driving his three donkeys in front of him. But, as he could not be sure what would 

happen, he took the safest course and remained where he was.  

 

At last the door opened again and out came the forty thieves. The captain, who had gone 

in last, now emerged first; after he had watched the others file past him, Ali Baba heard 

him close the door by pronouncing the words: “Shut, Sesame”. Each thief returned to his 

horse and remounted, after bridling it and fastening his bag on to it. When the captain 

finally saw they were all ready to depart, he took the lead and rode off with them along 

the way they had come. Ali Baba did not climb down straight away, saying to himself: 

“They may have forgotten something which would make them return, and were that to 

happen, I would be caught”. He looked after them until they were out of sight, but he still 

did not get down for a long time afterwards until he felt completely safe. He had 

remembered the words used by the captain to make the door open and shut, and he was 

curious to see if they would produce the same effect for him. Pushing through the shrubs, 

he spotted the door which was hidden behind them, and going up to it, he said: “Open, 

Sesame”. Immediately, the door opened wide. He had expected to see a place of darkness 

and gloom and was surprised to find a vast and spacious manmade chamber, full of light, 

with a high, vaulted ceiling into which daylight poured though an opening in the top of 

the rock. There he saw great quantities of foodstuffs and bales of rich merchandise all 

piled up; there were silks and brocades, priceless carpets, and, above all, gold and coins 

in heaps or heaped up in sacks or in large leather bags that were piled one on top of the 

other. Seeing all these things, it struck him that for years, even centuries, the cave must 

have served as a refuge for generation upon generation of thieves...”  

 

Ali Baba and the Forty Thieves: Orphan story - Night  294 in “The Arabian Nights”, (or 

“Tales of the Thousand and One Nights”) c. Ninth - Tenth Century A.D 

 

The heat of the night was oppressive, even despite the breeze coming in off the Tigris. The 

Caliph could not sleep. He was in a fevered agitation. Outlying regions of the Empire, 

were breaking away. He was not even sure anymore of the loyalty of  the  Barmecides, 

previously his most trusted lieutenants. The endless war against the Byzantine infidel was 

faltering. He dared not approach Constantinople itself for fear of the terrible Greek fire 

that had annihilated two previous siege attempts of his predecessors. He stepped out onto 

the roof top terraces to gain some small relief in the night air. He looked up into the 

heavens and marveled at the spectacular starry sky. Unlike his more warlike Umayyad 

predecessors Harun was someone who did marvel at the heavens. The time of the 

Abbasids in fact represented a golden age of learning in the arts, sciences, literature, 

guardians of much of the wisdom of the ancient classical world, while the West largely 

stagnated in superstitious ignorance. In the Arts they bequeathed the Arabian Nights, 

many centuries before the Decameron or the Canterbury Tales. In the sciences it was in 

the noble field of Astronomy in particular that they excelled. As the caliph listened to the 

story of 'Ali, he beheld the firmament and in it he imagined he could see the untold riches 

of the  jewels of the cave of Ali Baba. For short while the Caliph was well soothed 

contemplating more noble aspects of human endeavor - seeing beyond mere war and 

destruction. The Abbasids where the custodians of the legacy of Socrates, Plato and 

Aristotle in humanity’s never ending quest to see further than before. In the 21st century 

we are the beneficiaries of this legacy - we see further and further with each passing 

decade. Our Astronomers can now see “Jewel Boxes” in the Constellation of the 

Southern Cross. In the field of medical imaging the PET scanner gives us a stunning 

magical  “open sesame” to the previously hidden secrets of our very own bodies. 



POSITRON EMISSION TOMOGRAPHY SCAN (PET SCAN) 

 

Introduction 

 

Positron Emission Tomography (or PET Scan) allows diagnostic imaging of 

metabolic function using radioisotopes.  

 

This technology has undergone significant growth and evolution in recent years with 

most PET scanners now integrated with CT scanners.  

 

The main radiotracer in clinical use is F-18 fluorodeoxyglucose. This was initially used 

as a research tool and in cardiac and neurological applications, but now has an integral 

role in oncology.  

 

While initial clinical applications were largely in cardiology and neurology, these 

indications have now been dwarfed by oncology indications, which now account for over 

90% of PET scans worldwide. 

 

Technology 

 

PET has been available as a clinical tool in Australia since the 1990s. 

 

A significant recent advance has been hardware integration of CT scanners with PET 

scanners (PET CT), allowing one to obtain a synergistic combination of anatomical (CT) 

and functional information (PET) at the same time.  

 

Problems of patient and organ motion are also significantly reduced with this approach.  

 

Almost all new PET scanners worldwide are now in fact PET /CT scanners. The patient 

passes through both scanners on the one bed and in the same position. 

 

Physics 

 

Radiotracers manufactured from positron emitting isotopes can be used to image a 

variety of biological processes in the body using a PET scanner.  

 

A positron is a positively charged electron which is emitted from the nucleus of some 

low molecular weight radioactive isotopes.  

 

These isotopes include: 

 

● Carbon (C-11) 

 

● Nitrogen (N-13)  

 

● Oxygen (O-18)  

 

● Fluorine (F-18) 

 



These isotopes have very short half-lives (ranging from two minutes for O-18 to 110 

minutes for F-18), and so have to be manufactured nearby in a medical cyclotron.  

 

These isotopes can then be chemically incorporated into trace quantities of biologically 

relevant molecules, such as glucose.  

 

The radiotracers have no pharmacological actions of their own. 

 

A PET scanner does not directly image positrons.  

 

Once a positron is emitted from the nucleus, it travels a short distance (several 

millimeters in soft tissue), and then annihilates with a negatively charged electron. The 

mass of the two particles is converted to energy in the form of two gamma rays that 

propagate at 180 degree to each other.  

 

Coincident gamma ray pairs that travel out of the body are detected by a ring of detectors 

around the patient. Many millions of such “events” are used to determine the distribution 

of radiotracers within the body. 

 

In practice, the resolution of a modern PET scanner is about 8-10 mm, so a negative PET 

scan in lesions smaller than this cannot reliably exclude serious pathology. Lesions below 

this size however may still be detected on PET if they are very metabolically active. 

 

The Fluorine Tracer, FDG 

 

The most commonly used radiotracer in clinical practice by far is F-18 

fluorodeoxyglucose (FDG), a glucose analogue.  

 

Increased glucose metabolism is a characteristic feature of many malignant tissues.  

 

FDG-PET scans have been shown to be more accurate than conventional imaging in the 

evaluation of many (but not all) malignancies. 

 

FDG is transported inside cells by the glucose transporter GLUT 1.  

 

The FDG molecule is then phosphorylated to FDG-6- phosphate by hexokinase.  

 

Further downstream glycolysis is not possible so the tracer is trapped in the cell in 

virtually all tissues. 

 

No significant adverse reactions have yet been recorded from the intravenous injection of 

FDG in patients worldwide. 

 

Normal distribution: 

 

The brain is an obligate glucose user, and so there is marked FDG uptake in normal 

cortex and deep nuclei.  

 

Cardiac tissue FDG uptake is very variable as cardiac muscle switches between glucose 

and fatty acid metabolism depending on the fasting state.  



 

The liver demonstrates diffuse moderate levels of FDG uptake.  

 

Unlike glucose, there is significant FDG excretion by the kidneys into the bladder (See 

Appendix 1 below). 

 

Malignancies that are well detected by FDG:  

 

Malignancies that typically have very high levels of FDG uptake include: 

 

● Squamous cell carcinomas of the head and neck 

 

● Oesophagus 

 

● Lung cancers (most types) 

 

● Melanoma 

 

● Lymphoma (most types). 

 

● High-grade sarcoma  

 

● Metastatic colon carcinoma.  

 

● Gastric 

 

● Uterine 

 

● Cervical 

 

● Breast 

 

● Testicular 

  

● Thyroid  

 

Malignancies that are not well detected by FDG 

 

● Liver: 

 

♥ Primary liver tumours generally have low FDG uptake (due to 

 intracellular dephosphorylation of FDG) and may not be distinguishable 

 from normal background liver, but liver metastases are sensitive to 

 imaging. 

 

● Bronchoalveolar cell carcinoma of the lung 

 

● Carcinoid tumours 

 

● Mucinous adenocarcinomas  



 

● Some low-grade sarcomas. 

 

● Urinary tract malignancies (such as renal cell, transitional cell and prostate 

 carcinomas): 

 

♥ These are not well imaged due to variable FDG uptake in the tumours and 

 high background levels of FDG in urine. 

 

● Cerebral metastases: 

 

♥ This is because there is a high background uptake and the brain is not 

 routinely included in the imaging field.  

 

♥ However, FDG-PET may be indicated in the evaluation of primary brain 

 tumours. 

 

● Bony metastases that cause densely sclerotic reaction (typically prostate cancer):   

 

♥ These are best imaged with bone scans as these lesions may be poorly 

 FDG-avid.  

 

♥ FDG-PET is much more sensitive for lytic, soft tissue or marrow lesions. 

 

Other tracers: 

 

Other less commonly used tracers include: 

 

● Gallium-68 DOTA-TATE (GaTate) PET:  

 

♥ Mainly used to image neuroendocrine tumours, phaeochromycytoma, 

 paraganglioma, or neuroblastoma. 

 

● Fluoride bone PET: used to image bones. 

 

● Fluorothymidine (FLT) PET: 

 

♥ Used to image cells that are replicating, currently used for imaging bone 

 marrow function, brain tumours and in a variety of clinical trials. 

 

● Fluorocholine (FCH) PET:  

 

 ♥ Mainly used for imaging prostate cancer. 

 

● Fluoroethyltyrosine (FET) PET:  

 

 ♥ Mainly used for imaging brain tumours 

 

 

 



Advantages and Disadvantages  

 

Positron emission tomography (PET) scanning allows noninvasive diagnostic imaging of 

metabolic processes using short-lived radioisotopes.  

 

Advantages  

 

In contrast to computerised tomography (CT) and magnetic resonance imaging (MRI), 

which provide information on structure, PET can quantify biochemical and 

physiological function. 

 

Fluorodeoxyglucose PET has had a major impact on the management of a broad range of 

malignancies because it is more sensitive than conventional imaging modalities.  

 

Disadvantages  

 

● Hyperglycaemia: 

 

♥ Elevated glucose levels can make interpretation more difficult as a blood 

 sugar level of over 12 mmol/L can competitively inhibit tumour FDG 

 uptake.  

 

● Brown fat uptake: 

 

♥ This is more common in colder climates, in young women, children and 

 people with low body weight.  

 

Thermogenic brown fat uptake, an easily recognizable normal variant on 

FDG-PET scans. 

 

This typically occurs symmetrically in the neck, supraclavicular fossae 

and paravertebral regions. It is more common in colder climates, in young 

women, children and people with low body weight.  

 

Brown fat uptake can be reduced pharmacologically (for example beta 

blockers) or by warming the patient before tracer injection. 

 

● Claustrophobia: 

 

♥ This however  is rarely a problem  (in contrast to MRI). 

 

Oral benzodiazepines may be used as an anxiolytic and to reduce FDG 

uptake in neck muscle during the uptake phase. 

 

● Radiation: 

 

♥ The radiation dose to the patient from a PET scan is around 8 milliSieverts 

 (mSv).  

 



The CT component of the procedure varies, but most centres in Australia 

use a “low-dose” non-contrast protocol which adds around 4 mSv.  

 

The total dose of 12 mSv is equivalent to around five years of normal 

background radiation, and is similar to a diagnostic CT scan of the same 

body region. 

 

The injected radioactive tracers have a very short half-lives and are 

removed from the body fairly quickly. 

 

Although FDG is not excreted in breast milk, it is prudent to advise 

suspension of breastfeeding for six hours.  

 

Patients should avoid pregnant women and small children for 6 hours after 

the scan - no other special precautions apart from these need to be taken 

for the patient's relatives or carers due to the rapid decay of PET 

radiotracers. 

 

Patient preparation 

 

A 4 - 6 hour fast is recommended for a standard FDG-PET oncology study to reduce 

cardiac and skeletal muscle FDG uptake.  

 

Extra preparation for diabetic patients includes avoiding insulin injections for at least four 

hours before the scan as insulin drives FDG into skeletal muscle.  

 

A blood sugar level of over 12 mmol/L can competitively inhibit tumour FDG uptake.  

 

In this instance the scan may be rescheduled. 

 

Scan procedure 

 

Following standard preparation, the radiotracer is injected intravenously as a bolus (< 1 

mL) and allowed to distribute in the body while the patient is lying comfortably in a quiet 

room for around 60 minutes.  

 

It is important that the patient is relaxed and still during the “uptake phase” because 

actions such as talking, chewing gum and jaw clenching all cause FDG uptake in the 

relevant muscles and may sometimes obscure pathology. 

 

Indications  

 

While initial clinical applications were largely in cardiology and neurology, these 

indications have now been dwarfed by oncology indications, which now account for over 

90% of PET scans worldwide. 

 

Indications include: 

 

1. Oncology: 

 



PET scanning is now used in many cancers for: 

 

● Diagnosis 

 

♥ Including the detection of occult primary malignancy 

 

● Staging, (see Appendix 1 below). 

 

● Assessing response to therapy  

 

2. Characterizing some solitary lesions: 

 

 ● Pulmonary nodules  

 

 ● Lymph nodes 

 

3. Cardiology: 

 

● Prior to revascularisation in the presence of impaired left ventricular 

 function when standard viability testing is negative or inconclusive 

 

4. Neurology: 

 

● Evaluation of refractory epilepsy being evaluated for surgery where 

 location of epileptogenic focus is not clear 

 

5. Biopsy guidance: 

 

● FDG-PET is useful for biopsy guidance in a variety of conditions, 

 particularly soft tissue sarcomas which may have histological 

 heterogeneity, and in larger necrotic masses to identify sites of viable 

 tumour.  

 

6. Planning radiotherapy: 

 

 ● Planning radiation therapy fields. 

 

● PET can also be used to distinguish radionecrosis from residual tumour in 

 brain malignancies.  

 

Interpretation 

 

It is important to remember that not all abnormalities on a fluorodeoxyglucose PET scan 

are due to malignancy, and unexpected findings may need to be evaluated further. 

 

Significant incidental findings are noted in up to 3% of scans, and often are an indicator 

of occult synchronous malignancies.  

 

Many malignancies also share common risk factors, particularly in head and neck, lung 

and upper gastrointestinal tract tumours in smokers.  



 

Other “incidental” findings of particular significance that should not be ignored are FDG-

avid thyroid nodules and focal uptake in the large bowel, which are associated with 

around a 25% risk of malignancy. 

 

Non-malignant lesions:  

 

Clinically implausible or unexpected abnormalities may require further confirmatory 

investigation. 

 

There are innumerable causes of FDG uptake that are not due to malignancy.  

 

Many of these can be recognized on correlation with patient history/physical examination 

or typical imaging patterns.  

 

Common causes include: 

 

● Infection (including tuberculosis) 

 

● Inflammation (sarcoidosis and granulomatous diseases) 

 

● Trauma 

 

● Enthesopathies  

 

● Fractures. 

 

Future Directions 

 

Future applications of PET are likely to come from tracers other than FDG.  

 

Non-oncology applications are also emerging, particularly in the fields of dementia, 

movement disorders and detection of infection. 

 

A variety of tracers are under development and have undergone clinical trials. They 

include oncology applications as diverse as the imaging of tumour hypoxia, cellular 

proliferation, lipid membrane synthesis, receptor expression (for example, oestrogen 

receptor expression) and angiogenesis.  

 

These emerging “molecular imaging” techniques may lead to new insights into disease 

biology, and play a central role in selection and monitoring of therapy. 

 

 

 

 

 

 

 

 

 



 

Appendix 1 

 

Brown fat uptake on an otherwise normal FDG-PET scan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Maximum intensity projection of the typical pattern of thermogenic brown fat uptake, an 

easily recognisable normal variant on FDG-PET scans.  

 

This typically occurs symmetrically in the neck, supraclavicular fossae and paravertebral 

regions.  

 

It is more common in colder climates, in young women, children and people with low 

body weight.  

 

Brown fat uptake can be reduced pharmacologically (for example beta blockers) or by 

warming the patient before tracer injection.  

 

There is otherwise normal FDG distribution – note the renal excretion, high uptake in the 

brain, variable cardiac uptake (high in this case), and diffuse mild uptake in the liver and 

salivary glands. 



 

 

Staging of Hodgkin's lymphoma using FDG-PET 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Maximum intensity projection image of a staging FDG-PET scan of a 68-year-old man 

with newly diagnosed Hodgkin's lymphoma.  

 

There are markedly FDG-avid lymph nodes in a symmetrical pattern above and below 

the diaphragm.  

 

Note the pathological diffusely increased uptake in the spleen (more than liver uptake). 

FDG-PET is a more sensitive indicator of diffuse splenic involvement, which is not 

possible to diagnose in the absence of splenomegaly on CT. 

 

 

 



 

 

“Ali Baba and the Forty Thieves”, oil on canvas, 1901, Albert Goodwin, The Tate 

Gallery. 

 

“...Pushing through the shrubs, he spotted the door which was hidden behind them, and 

going up to it, he said: “Open, Sesame”. 

 

 

 

 

 

 

 

 

 

 

 



References 

 

1. Aravind Ravi Kumar, Current clinical applications of positron emission 

 tomography. Aust. Prescr. 2008; 31:123 - 8. 

 

Dr J. Hayes. 

February 2014. 


