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ABSTRACT

 Positron Emission Tomography (PET) is a powerful imaging technique exploring in 
vivo brain functions. Today PET is becoming an essential tool in specialist clinical neurology 
settings particularly for diagnosing Alzheimer’s, Parkinson’s and epilepsy disease states. This 
inaugural article aims to deliver a brief insight into PET techniques in the diagnosis of neuro-
logical diseases including multiple sclerosis.
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INTRodUCTIoN

 The imaging of the human body can be traced back to 1895 with the discovery of 
x-rays by the 1901 Nobel Laureate Wilhelm Conrad Röntgen.1 Currently a variety of imaging 
techniques are used to effectively assist the diagnosis of disease in humans. These include 
Computed Tomography (CT), Magnetic Resonance Imaging (MRI) and Single Photon Emis-
sion Computed Tomography (SPECT) all capable of generating 3-D anatomical images of 
the human body.2 Since the 1990s a revolutionized imaging tool for Nuclear Medicine has 
emerged called Positron Emission Tomography (PET).3

          Figure 1: From Left to Right: examples of brain images produced by X-ray, CT, MRI, SPECT and PET techniques.

 PET, in contrast to other conventional imaging techniques, provides an insight into 
the biochemical/physiological processes of the human body.4 The biochemistry of the body 
is altered when it is in a disease state. For example, PET imaging has the capability to detect 
certain cancer stages before apparent structural changes appear, whereas MRI is unable to see 
these subtle changes. PET utilizes ‘positron’ emitting radiotracers to deliver images of the hu-
man body.

 These radiotracers must be synthesized very quickly due to the short half-life of the 
nuclide (t1/2<20 mins for carbon-11; t1/2<110 mins for fluorine-18).5

 Non-invasive PET imaging has been used as a research tool since the 1970s. By the 
1990s this advance in technology aided the diagnosis, staging and monitoring of disease states 
in patients.6 In 1953, the pioneering work of Brownell and Sweet at Massachusetts General 
Hospital allowed the completion of the first positron detector to study brain function.7,8 The 
earliest clinical applications were carried out in 1988 to diagnose cancers of the head-and-neck.
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 However, it was not until 1997 when approval was 
granted by the US Food & Drugs Administration that PET 
could be considered seriously as a major imaging tool.9 Sub-
sequently, PET has become an established tool for the clini-
cal assessment of head-and-neck cancers.10 In addition, PET 
imaging is being used to differentiate between benign and 
malignant tumours and is able to locate the metastases in 
the diseased organ, for example as in cancer of the lung.11

 PET radiotracers have been developed to study the 
role of dopamine and serotonin neurotransmission processes 
in the brain.12 These radiotracers have probed the areas of 
the brain and Central Nervous System (CNS) for storage, re-
uptake, post-synaptic binding and signaling mechanisms. Re-
search continues to develop diagnostic imaging in the area of 
PET-immunology which target monoclonal antibodies towards 
tumor associated antigens. The design of PET 18F Reporter 
Probes such as Fluoropenciclovir (FPCV) has been developed 
to image Herpes Simplex Virus type-1 and thymidine kinase 
(HSV1-tk) for reporter expression.13 Other research areas in-
clude the use of PET imaging to track the transplantation of 
stem cells into diseased areas of myocardial infarction and 
also in Parkinson’s disease.14 This enables the detection and 
monitoring of the functions of newly transplanted stem cells.

 Currently, commercial multi-ring PET scanners have 
enhanced spatial resolution of detection with less than 5mm 
coupled with a greater sensitivity, axial coverage and increased 
image volume. The spatial resolution of PET is less than that of 
CT and MRI.15 This allows for whole-body PET studies to be 
carried out rapidly.16 The future role of PET imaging is pivotal in 
the organization of ‘personalized medicine’ by routinely screen-
ing and monitoring malignant disease states. According to Ron-
ald L van Heertum MD17 of the University of Columbia, “PET 
is revolutionizing the fields of oncology, cardiology, neurology, 
and psychiatry, with a major impact on patient management.”

PeT NeURo-ImAgINg 

 The basic principle of PET neuro-imaging is based 
on an assumption that high areas of radioactivity are related 
to brain activity.18 This activity can be evaluated by measuring 
the blood flow to various regions of the brain by administering 
the radiotracer [O15] oxygen. The disadvantage of using this 
radiotracer is its relatively short half-life of approximately 2 
minutes. Therefore, on its output from the cyclotron it must 
be immediately transported and administered to the patient.19 

In this article various radiotracers are discussed to circumvent 
these limitations in the diagnosis of Alzheimer’s, Parkinson’s, 
epilepsy and multiple sclerosis.

Alzheimer’s disease

 In Alzheimer’s patients the PET-18FDG ([18F]fluoro-
deoxyglucose) scans show a gradual deterioration of the brain

which leads to loss of memory and breakdown of cognitive 
thinking patterns.20,21 The diagnosis of Alzheimer’s disease in 
patients can sometimes be made by carrying out a number of 
psychometric tests to evaluate the level of cognitive ability. 
PET-18FDG imaging can confirm a conclusive diagnosis of Al-
zheimer’s disease. 

 PET-18 FDG imaging of the brain may also be used to 
differentiate Alzheimer’s disease from other dementia condi-
tions. The most important consideration for the patient is an 
early diagnosis of the onset of Alzheimer’s disease so treat-
ment can be initiated as quickly as possible for the best out-
come.22

 A range of positron radiotracers have been developed 
for PET imaging specifically towards neuro-receptor sub-
types.23 These PET radiotracers act as either agonists or antag-
onists to allow the visualization of neuro-receptor sites in par-
ticular neurological disease states. For example the radiotracer 
[11C]PIB also called Pittsburgh Compound-B is a novel PET 
probe which helps in the visualization of beta-amyloid (Aβ) 
plaques in the brains of Alzheimer’s patients. 

 PET amyloid plaque imaging with Pittsburgh Com-
pound-B is shown to have a higher accumulation in subjects 
diagnosed with Alzheimer’s disease compared to patients with 
no dementia. Most importantly, Pittsburgh Compound-B con-
firms the existence of Aβ plaques prior to the onset of demen-
tia. This PET tracer is able to detect preclinical Alzheimer’s 
disease pathology with the same accuracy as seen in post-mor-
tem examinations.24

 In October 2013 the FDA gave approval to the amy-
loid 18F PET imaging agent Vizamyl® (flutemetamol).25 This 
imaging agent differs slightly from the other FDA approval 
(April 2012) of Amyvid® because it is used to evaluate the 
density of plaques using a colour-calibrated scale of signal in-
tensity.

 Consequently, Amyvid® was approved using a gray-
scale.26 Amyvid®, like Pittsburgh Compound-B binds to beta-
amyloid. However due to its longer half-life of 110 minutes 
it was found to accumulate more in the brains of people with 
Alzheimer’s disease, particularly in the regions known to be 
associated with beta-amyloid deposits.

Parkinson’s disease

 Dopamine is a ‘phenethylamine’ neurotransmitter and 
is produced in several areas of the brain including the substan-
tia nigra. There are five types of dopamine receptors called D1, 
D2, D3, D4 and D5. The PET radiotracer [18F]DOPA is widely 
used in the study of the dopaminergic system in movement 
disorders. [18F]DOPA is taken up by the terminals of dopamin-
ergic neurons and converted to [18F]dopamine by the enzyme 
dopa decarboxylase and other dopamine metabolites.
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PET imaging with [18F]DOPA can provide in vivo diagnostic 
information about the function of the pre-synaptic dopamin-
ergic terminals. Other PET tracers that bind to pre-synaptic 
dopamine transporters include [11C]methylphenidate and [11C]
dihydrotetrabenazine.27

 Parkinson’s Disease (PD) is the result of loss of dop-
aminergic neurons in the substantia nigra. The greatest loss of 
neurons is seen in the ventrolateral tier of the pars compacta, 
with decreased involvement in the dorsomedial tier. The above 
regions can be detected by use of PET-[18F]DOPA to indicate 
the [18F]DOPA levels in the putamen contralateral area of the 
brain.28

epilepsy

 The application of PET-18FDG imaging in epileptic 
patients is to determine the regions of the brain which show 
epileptogenic foci. PET imaging using the radiotracer 18FDG 
was first introduced in the 1980s to study epilepsy following 
the observation of regional glucose hypo-metabolism in pa-
tients with partial seizures. PET-18FDG can detect the epilepto-
genic regions in patients with Temporal Lobe Epilepsy (TLE) 
reducing the need for Electroencephalogram (EEC) studies. 
PET can also measure the binding of specific radiotracers to 
‘brain’ receptors which contribute to the formation of seizures. 
For example serotonin 5-HT1A receptor binding is shown to be 
decreased in TLE.29 PET-18FDG, to date, compared to MRI re-
mains the most sensitive, non-invasive imaging tool for tempo-
ral lobe seizures.30

 The PET radiotracer [11C]flumazenil has been used to 
study the Benzodiazepine-receptor (BZD) in the role of epi-
lepsy.31 These BZD receptors are situated in the same region 
as the γ-aminobutyric acid (GABA) receptors: the latter being 
the most important inhibitory neurotransmitters in the CNS. A 
reduction in [11C]flumazenil binding has been observed at the 
mesial temporal lobe in TLE patients in the amygdale and hip-
pocampus regions of the brain.

multiple Sclerosis

 The myelin PET radiotracer [11C]MeDAS has been 
shown in animal models to penetrate the blood-brain barrier 
and therefore accumulate in regions of the brain indicating the 
presence of demyelination.32 Combinations of different PET 
radiotracers including [18F]FDG, [11C]PK11195 and [11C]Me-
DAS contribute to the characterization of individual lesions; 
monitoring of temporal changes in multiple sclerosis and eval-
uation of treatment responses.33 A hybrid imaging approach 
using PET-MRI would provide a new approach to the formal 
diagnosis and treatment plan in patients with multiple sclero-
sis.34

CoNCLUSIoN

 In the near future PET imaging will become a rou-
tine diagnostic tool for many underlying neurological diseases 
such as dementia and Parkinson’s. PET imaging is playing 
a key role in the diagnosis of Alzheimer’s disease from the 
development of the radiotracer Pittsburgh Compound-B used 
to detect amyloid plaques in the brain. The FDA approval of 
Vizamyl® and Amyvid® to evaluate the density of plaques in 
the progression of Alzheimer’s disease has demonstrated the 
clinical application of PET neuro-imaging. Continued research 
and development in PET imaging will contribute to even ear-
lier diagnosis of more disease states such as multiple sclerosis. 
This could potentially lead to a ‘personalized medicine’ culture 
which would be governed by our own genetic signature.
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