
This article addresses the increased
interest of nuclear medicine applications
in common neuropsychiatric disorders:
extrapyramidal pathology, the dementias
and brain tumours.

Extrapyramidal diseases

The most relevant extrapyramidal dis-
eases are Parkinson’s disease (PD) and
atypical parkinsonian syndromes such as
multiple system atrophy (MSA), progres-
sive supranuclear palsy (PSP) and corti-
cobasal degeneration (CBD). In all these,
establishment of an early and accurate
diagnosis impacts on management, helps
to avoid inappropriate treatment and
assists in the evaluation of novel drugs.

Pathology in extrapyramidal diseases
involves the dopaminergic neurotrans-
mitter system, so positron emission
tomography (PET) and single-photon
emission computed tomography
(SPECT) investigations contribute sig-
nificantly to establishing the correct
diagnosis.1–3 Presynaptic nigrostriatal
terminal function can be assessed with
radioligands suitable for imaging:

• aromatic amino acid decarboxylase
activity (PET: fluorodopa)

• vesicular monoamine transporter
type 2 (PET: dihydrotetrabenazine)

• plasma membrane dopamine
transporter (PET and SPECT:
cocaine analogues).

Imaging of postsynaptic dopamine
receptors has focused on the D2-like
receptor system (PET: raclopride, (des-
methoxy) fallypride; SPECT: iodobenza-
mide, iodobenzofuran, epidepride).

There are two major clinical indica-
tions for these techniques:

• confirmation or exclusion of
neurodegenerative parkinsonism

• the differential diagnosis between
PD and atypical parkinsonian
syndromes.

Neurodegenerative parkinsonism

An important question is whether
patients with equivocal or unclear symp-
toms suffer from a nigrostriatal deficit
(eg neurodegenerative parkinsonian syn-
dromes) or from diseases not associated
with dopamine terminal dysfunction but
which may mimic ‘true’ parkinsonism.
In this situation, PET and SPECT
imaging allows confirmation or exclu-
sion of a presynaptic dopaminergic

deficit. Patients with PD and atypical
parkinsonism can be clearly distin-
guished from healthy controls, patients
with drug-induced or psychogenic
parkinsonism, those with essential
tremor and other tremor syndromes and
patients with dopa-responsive dystonia
(Fig 1). Dopamine terminals are not
involved in the latter groups and normal
presynaptic findings have been
reported.1,2

Presynaptic terminal function is com-
promised in all neurodegenerative
parkinsonian syndromes so this para-
meter does not contribute significantly to
the differential diagnosis of these syn-
dromes, particularly not between PD and
atypical parkinsonism. This is rather the
domain of postsynaptic D2 receptor
imaging, the diagnostic accuracy of which
is about 80–90%. Postsynaptically located
D2 receptors are primarily not compro-
mised in PD, so D2 receptor binding has
been shown to be normal or even
increased in untreated patients (Fig 2(a)).
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Fig 1. Presynaptic dopamine transporter imaging with single-photon emission
computed tomography (123I-FP-CIT) to distinguish between disease with and without
nigrostriatal deficit: (a) illnesses without involvement of presynaptic terminals (eg
essential tremor) show normal findings but neurodegenerative parkinsonian syndromes
such as (b) Parkinson’s disease, (c) multiple system atrophy and (d) progressive
supranuclear palsy are characterised by clearly compromised binding to the presynaptic
dopamine transporter.
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The increase has been attributed to
receptor upregulation as compensation
for the presynaptic deficit.

Atypical parkinsonian syndromes

In contrast, neurodegeneration affects
both pre- and postsynaptic nerve fibres
in atypical parkinsonian syndromes.
Neurodegeneration in postsynaptic
nerve fibres is reflected in reduced stri-
atal D2 receptor binding (Fig 2(b)) – cor-
responding well with the receptor loss
reported in post-mortem investigations.
Based on D2 receptor studies, however,
distinction among MSA, PSP and CBD is
barely possible.1-3

Dementias

Dementias are widespread and their
prevalence continues to grow with
increased human life expectancy. The
most common cause is Alzheimer’s
disease (AD), accounting for 60–70% of
all dementias in the elderly, followed by
Lewy body dementia (LBD) (10–25%),
vascular dementia (10–15%) and fron-
totemporal dementia (FTD) (5–10%).
Synaptic dysfunction or loss – a hallmark
of different types of dementia – entails at
the molecular level several mechanisms
that finally result in decreased energy
demand. Therefore, assessment of
glucose metabolism with 18F-fluoro-
deoxyglucose (FDG) PET is a valid tool
for imaging the energy metabolism of the
brain and its typical changes in
dementia.4,5 Regional cerebral blood flow
(rCBF) is closely coupled to glucose
metabolism and rCBF studies have also
been widely used in dementia.6,7

Compared with these techniques,
assessment of specific neurotransmitter
systems (eg the cholinergic system) has to
date gained less clinical significance. The
more recently introduced tracers that
directly target amyloid plaques and neu-
rofibrillary tangles require further evalu-
ation before their clinical application will
be feasible.

Alzheimer’s disease

Brain imaging with PET and SPECT
allows the identification of regional pat-

terns of metabolism and perfusion asso-
ciated with the major types of dementia
(Fig 3). In AD patients the most com-
monly observed pattern is a bilateral,
more or less symmetrical, temporopari-
etal deficit which extends in more severe
stages to the frontal cortex.4–7 Typically,
the primary sensorimotor cortex, basal
ganglia, thalamus and cerebellum are
spared (Fig 3(a)). In incipient AD,
abnormalities are first observed in the
medial temporal cortex, the posterior
cingulate and the precuneus. Even ear-
lier, at a preclinical stage, patients with
mild cognitive impairment have pre-
sented with specific changes predictive of
later conversion to AD. In general, the
magnitude of deficits in imaging studies
correlates well with the degree of cogni-
tive impairment. FDG PET has been
considered to provide slightly more
accurate results than rCBF SPECT
studies.6,7 The diagnostic power of both
has been further enhanced by the appli-
cation of newer analytical techniques
such as voxel-based and discriminant
function analyses.6

Lewy body dementia

In LBD, cognitive decline is often accom-
panied by visual hallucinations and gait
or parkinsonian symptoms. In addition

to temporoparietal deficits (which may
appear similar to the pattern in AD),
LBD patients present with occipital
hypometabolism and hypoperfusion
(Fig 3(b)). Assessment of the presynaptic
dopaminergic system may be of more
value than in AD as there is growing evi-
dence that LBD (unlike AD) is associated
with a presynaptic dopaminergic deficit
(as in PD).4–7

Frontotemporal dementia

FTD comprises a group of dementias,
including Pick’s disease, clinically char-
acterised by behavioural and language
disturbances accompanied by or which
even precede memory deficits. It may be
difficult to distinguish from AD on the
basis of symptomatology alone. Scans
characteristically show metabolic and
perfusion deficits in the frontal, anterior
temporal and medial temporal cortices
(Fig 3(c)).4–7

Vascular dementia

The diagnosis of vascular dementia,
which is not a neurodegenerative
dementia, is usually based upon a combi-
nation of history, neurological examina-
tion and typical magnetic resonance
imaging (MRI) findings. PET and
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Fig 2. Postsynaptic dopamine D2 receptor imaging with single-photon emission
computed tomography (iodobenzamide) to distinguish between Parkinson’s disease
(PD) and atypical parkinsonian syndromes: (a) PD patients present with normal or
increased D2 receptor binding (here in the left posterior putamen), suggesting preserved
or upregulated postsynaptic receptors, whereas (b) in atypical parkinsonian syndromes
(eg multiple system atrophy) D2 receptor binding is reduced, reflecting degeneration of
postsynaptic receptor binding sites.
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SPECT investigation, which are
restricted to equivocal cases, typically
show deficits in the border zone areas of
the middle cerebral artery territory or at
the end-point of the posterior cerebral
artery, giving an asymmetrical patchy
imaging pattern (Fig 3(d)).4–7

In addition to differential diagnosis
among the dementias, it is important to
distinguish dementias from other ill-
nesses associated with cognitive impair-
ment, such as ‘pseudodementia’ in
depression. In the latter situation, PET
and SPECT images demonstrate com-
paratively normal findings clearly dif-
ferent from the patterns described above
(Fig 3(e)). 

Brain tumours

Novel systemic and locoregional treat-
ments for glioma require precise assess-
ment of the pretherapeutic status as well

as correct classification of therapy-
induced reactive changes. Functional
imaging techniques have successfully met
this challenge. The main functions
studied in the routine setting are glucose
metabolism (FDG) and amino acid
transport (PET: methionine, fluoroethyl-
tyrosine; SPECT: iodomethyltyro-
sine).8–10 High resolution is a basic
requirement for imaging gliomas so PET
should be preferred over SPECT.

Tumour detection

For tumour detection, amino acid tracers
may be superior to FDG since most low-
and high-grade gliomas present with
markedly elevated amino acid uptake,
mainly related to increased transport rate
based on elevated expression of the
respective membrane transporters. FDG
also identifies high-grade gliomas on the
basis of their elevated glucose consump-

tion (Fig 4(a)). Because of the physiolog-
ically high cortical uptake, however, it
may be difficult to detect both small
lesions and also low-grade gliomas which
usually present with FDG uptake close to
that of normal white matter.8,9

Determination of tumour borders

Beyond tumour detection, precise deter-
mination of tumour borders is manda-
tory for optimal treatment planning.
FDG may be less suitable for this purpose
since high cortical uptake and low
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Fig 3. 18F-fluorodeoxyglucose positron emission tomography scans illustrating
metabolic patterns which allow differentiation both of various types of dementia and
of other illnesses associated with cognitive impairment: (a) in Alzheimer’s disease,
metabolism is predominantly impaired in the neocortical association areas (posterior
cingulate, temporoparietal and frontal cortex); (b) Lewy body dementia presents with a
similar pattern but with additional occipital involvement, whereas (c) in frontotemporal
dementia impairment is primarily located in the frontotemporal cortex and (d) vascular
dementia presents with asymmetrical, irregularly distributed deficits. These patterns are
easily distinguishable from those in (e) major depression and in (f) healthy controls. The
pattern in major depression does not differ markedly from that in controls except for
possibly slightly reduced metabolism in the frontal cortex.

Fig 4. Positron emission tomography
(PET) scans in a patient with glio-
blastoma: (a) (left) 18F-fluorodeoxyglucose
and (right) amino acid; amino acid provides
a considerably higher tumour to target
ratio, allowing easier detection and
delineation of the tumour borders;
(b) differential diagnoses between tumour
recurrence and therapy-induced benign
changes. Both cases present with
contrast-enhancing lesions on magnetic
resonance imaging scans that are
suspicious for recurrence, but the amino
acid PET scan is negative in the first
example (upper row). As confirmed by
biopsy, this patient was tumour free;
histopathology revealed only reactive
changes following radiation therapy.
Increased amino acid uptake clearly
indicated recurrent glioma in the other case
(lower row).
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tumour/background contrast can
hamper clear definition of tumour
boundaries. In contrast, amino acid
tracers have been proven accurately to
identify the solid parts of brain tumours
as well as the area of infiltration, thereby
allowing distinction between glioma
tissue and peritumoural tissue.

Tumour grading

Glucose uptake correlates well with the
histological tumour grade, so FDG PET
is a valuable tool for accurate differentia-
tion of low- and high-grade gliomas.
Furthermore, in biopsy-proven low-
grade gliomas, tumoural FDG uptake
correlates well with the risk of malignant
transformation.8,9 The role of amino acid
tracers in tumour grading is more con-
troversial since standard evaluations
reveal a marked overlap between tumour
classifications. More recently, however,
analysis of tracer uptake kinetics has
been suggested as a clue to tumour
grading since there is evidence that low-
and high-grade gliomas have different
kinetic behaviour.10

Prognosis

Both FDG and amino acid tracers pro-
vide useful information regarding prog-
nosis. Several studies show that FDG
uptake in gliomas is well correlated with
survival. It has recently been claimed that
FDG PET outperforms pathological
grading in determining prognosis in
glioma patients. Studies with amino acid
tracers also provide prognostic informa-
tion independent of tumour grading.
This technique has been confirmed as an
important prognostic indicator for
patients with low- and high-grade
glioma in the untreated and pretreated
state.8–10

Biopsy

Because of the heterogeneous presenta-
tion of brain tumours, computed tomog-
raphy- or MRI-guided stereotactic
biopsy does not always depict the meta-
bolically most active part of the tumour.
In comparison, FDG PET-guided biop-
sies show an improved diagnostic yield

by sampling from areas expressing the
highest FDG uptake. Amino acid tracers
are at least equally helpful in determining
the optimal biopsy site and have been
proposed as a valid alternative to FDG
for target selection.8,9

Differentiation of recurrent glioma
and radiation necrosis

FDG PET has been considered the
(non-invasive) gold standard for the dif-
ferential diagnosis of recurrent glioma
and radiation necrosis. Its value has been
questioned recently because of a consid-
erable number of false-positive results
following high-dose radiation therapy,
radiosurgery or other locoregional
approaches. Findings with amino acid
tracers are not compromised in this way
and their power accurately to distinguish
tumour recurrence and therapy-induced
benign changes has been impressively
documented (Fig 4(b)). This technique
may offer added value.10
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Nuclear medicine excels in the differential diagnosis of movement disorders

Nuclear medicine aids in the differential diagnosis of dementias

Nuclear medicine can aid in the staging of primary brain tumours

Nuclear medicine participates in the assessment of therapy response of the above

Key Points
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