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Summary

Diagnosing degenerative forms of parkinsonism still relies
on a thorough clinical assessment, which in Parkinson’s
disease involves the presence of an asymmetric bradyki-
nesia with rest tremor and/or rigidity that respond substan-
tially to levodopa. Conversely, atypical forms, including
multiple system atrophy, progressive supranuclear palsy
and corticobasal degeneration, exhibit additional features
(cerebellar or pyramidal signs, early postural instability),
a poor response to dopamine replacement therapy and a
bad prognosis.
Consensus diagnostic criteria have excellent specificity,
but lack sensitivity, and a clear diagnosis solely based on
clinical evaluation is not always accurate, hence the need
for diagnostic biomarkers. Nuclear medicine imaging is
definitely one of them, allowing a qualitative and quantita-
tive evaluation of in vivo functional integrity of monoamin-
ergic (e.g., dopaminergic) pathways, brain metabolism
and protein deposition and representing a unique window
into these complex diseases. It has proved useful for early
and accurate diagnosis, and possibly represents a valid
biomarker of disease pathogenesis, progression and re-
sponse to neuroprotective therapies.
This review focuses on the nigrostriatal pathway dysfunc-
tions (demonstrated with presynaptic dopamine positron
emission tomography [PET] and single photon emission
computed tomography [SPECT] ligands) that confirm a
degenerative form of parkinsonism. In addition, 123I-
metaiodobenzylguanidine cardiac scintigraphy can unveil
postganglionic autonomic failure specifically encountered
in Parkinson’s disease. Brain 18F-fluorodeoxyglucose PET
may also show a distinct hypometabolism for each degen-
erative form of parkinsonism. Since a few years ago, the
proteins that aggregate in the brain of subjects with neu-
rodegenerative diseases (tau and alpha-synuclein) can be
evaluated in vivo by novel radioligands. These develop-
ments open new perspectives both as diagnostic tools and
to understand the regional topography and burden of pro-
tein deposition on motor impairment and cognitive decline.
The last part of the review proposes a strategic workup in
the practical evaluation of a patient with parkinsonism.
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Introduction

Parkinsonism is a neurological syndrome characterised by
bradykinesia – slowness and decreased amplitude of move-
ment – associated with resting tremor and muscular rigid-
ity [1], and is related to basal ganglia dysfunction [2].
Degenerative forms of parkinsonism (parkinsonian syn-
dromes) involve the aggregation of toxic protein isoforms
in the central and peripheral nervous system leading to
progressive neuronal loss. Parkinson’s disease is the most
prevalent condition of this subgroup (approx. 80%) [3,
4], whereas multiple system atrophy (MSA), progressive
supranuclear palsy (PSP) and corticobasal degeneration
(CBD) [5–7] are far less common and collectively labelled
as atypical parkinsonian syndromes. They all share a vari-
able impairment of nigrostriatal functions and must be dis-
tinguished from nondegenerative causes of parkinsonism
(e.g., toxic/drug-induced, psychogenic or vascular aetiolo-
gies) in which presynaptic nigrostriatal pathways are pre-
served [8, 9].
Parkinson’s disease is the most frequent neurodegenerative
movement disorder in the general population, with an es-
timated incidence of 21 cases per 100,000 person-years
[10] and a 1.5:1 male predominance. It is quite rare before
50 years, and its prevalence increases to over 3% after 80
[11]. Most patients with Parkinson’s disease suffer from a
sporadic form, which encompasses complex gene-environ-
ment factors (use of pesticides, repeated traumatic brain in-
jury, altered degradation of toxic proteins) [12].
Parkinson’s disease is defined by a progressive and usually
asymmetric bradykinesia in association with rest tremor
and rigidity [13]. In addition to these cardinal motor fea-
tures which respond well to dopamine replacement (lev-
odopa, dopamine receptor agonists), Parkinson’s disease is
associated with a myriad of non-motor symptoms either
preceding the motor phase by several years, such as ol-
factory loss and rapid eye movement sleep behaviour dis-
order, or accompanying it (depression, dysexecutive syn-
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drome, orthostatic hypotension). Late-onset complications
include dementia and postural instability with subsequent
falls. The neuropathological hallmark of Parkinson’s dis-
ease is dopamine-containing neurone loss in the substantia
nigra pars compacta of the midbrain [14]. In addition,
intracellular deposition of misfolded oligomers of alpha-
synuclein can be observed in monoaminergic and cholin-
ergic neurones of the brainstem and olfactory bulb (Lewy
bodies), with further expansion over cortical areas as the
disease progresses. The distinction between Parkinson’s
disease with dementia (PDD) and dementia with Lewy
bodies (DLB) currently relies on the onset of dementia,
which is ≥1 year after motor involvement in PDD and at
clinical onset for DLB. In both cases, cognitive impairment
is correlated with higher cortical Lewy bodies [15], but
in vivo positron emission tomography (PET) and magnet-
ic resonance imaging (MRI) show more severe cortical at-
rophy, temporoparietal cortical Lewy body deposition and
higher concurrent Alzheimer pathology in DLB patients
[16–18]. The exact function of alpha-synuclein is not fully
understood, but it probably plays a role in synaptic and mi-
tochondrial homeostasis [19].
Atypical parkinsonian syndromes are characterised by a
modest or nonexistent response to dopaminergic therapy
and a poor prognosis (mean life expectancy 7–10 years
from disease onset). Clinical manifestations of each condi-
tion reflect the selective neuronal loss in distinct brain re-
gions that differ from those of Parkinson’s disease, where
the burden of neuropathology involves the substantia nigra
pars compacta and the locus coeruleus [20]. MSA is a
synucleinopathy featuring progressive autonomic dysfunc-
tion (orthostatic hypotension, urinary incontinence) in
combination with variable severity of parkinsonism (in its
MSA-parkinsonism or MSA-P form), cerebellar dysfunc-
tion (in the MSA-cerebellar or MSA-C subtype) and pyra-
midal signs [21]. Brain structures more affected in MSA
thus include the striatum and pontocerebellar pathways.
With an estimated prevalence of 5–7 cases per 100,000
[22], PSP is the second most common degenerative parkin-
sonian syndrome, its classical form (PSP-Richardson syn-
drome) presenting with a rather symmetrical motor impair-
ment, oculomotor dysfunction and early postural instabil-
ity [23]. In PSP, neuropathology is rather extensive and
involves the brainstem and frontal cortex. CBD classical-
ly features a highly asymmetric parkinsonism with vari-
ous degree of dystonia, apraxia and pyramidal signs [24],
reflecting impairment of cortical frontoparietal areas. PSP
and CBD are associated with tau neuropathology, at vari-
ance with Parkinson’s disease and MSA, which are related
to alpha-synuclein aggregation.
The aim of this review is to summarise the main molecular
imaging tools available in clinical practice to help neurol-
ogists and general practitioners separate degenerative from
nondegenerative forms of parkinsonism, and to increase
diagnostic accuracy of Parkinson’s disease and parkinson-
ian syndromes. After this brief overview of the clinical fea-
tures of Parkinson’s disease and its atypical variants, we
will review the major radioligands used in combination
with PET and single photon emission computed tomogra-
phy (SPECT) – their indications, strength and limitations.

PET and SPECT imaging

PET and SPECT imaging represent invaluable tools for
measuring in vivo functional impairment of monoaminer-
gic pathways in neurodegenerative diseases, the more so as
structural imaging (brain MRI) usually shows late or un-
specific signs [25].
PET requires radioactive compounds labelled with 11C or
18F, which have a short half-life (20–110 minutes) and
whose positron-emitting activity can be detected by a ded-
icated tomograph after intravenous injection to the patient.
The radioligand most widely used to measure metabolic
activity in the central nervous system is 18F-fluo-
rodeoxyglucose (FDG) PET.
For SPECT, gamma cameras detect low-energy gamma
rays emitted by compounds labelled with heavier radioac-
tive isotopes such 123I or 99mTc, which have a longer half-
life (6–13 hours). Examples include 123I-FP-CIT SPECT
(ioflupane, DaTSCAN®, GE Healthcare), which measures
dopamine transporter density on the presynaptic terminals
of the nigrostriatal pathway (FP-CIT = fluoropropyl-car-
bomethoxy-3β-4-iodophenyltropane).

How to detect nigrostriatal degeneration?
The evaluation of presynaptic dopaminergic pathways be-
tween the midbrain and the striatum is very useful in dis-
tinguishing degenerative conditions such as Parkinson’s
disease from nondegenerative forms of parkinsonism and
tremor. This can be achieved mainly via three different tar-
gets (fig. 1).
The enzymatic activity of aromatic amino acid decarboxy-
lase, which converts levodopa into dopamine in nigral
cells, can be estimated with 18F-fluorodopa, which acts as
an analogue of levodopa. The density of dopamine trans-
porters, which recapture dopamine in the presynaptic com-
partment, can be measured thanks to 123I-FP-CIT and to
specific PET tracers (e.g., 18F-PE2I; N-(3-iodoprop-2E-
enyl)-2β-carbomethoxy-3β-(4-methyl-phenyl)nortropane).
Finally, 11C- and 18F-dihydrotetrabenazine ligands bind to
vesicular monoamine transporter 2. A recent meta-analysis
showed a mean uptake decrease of 13 to 77% in Parkin-
son’s disease subjects compared with healthy controls,
vesicular monoamine transporter 2 and the dopamine
transporter being the most sensitive targets to assess [26].
Due to the widespread availability of SPECT scans and ap-
proval from European (since 2000) and US (since 2011)
medical agencies in the evaluation of parkinsonian syn-
dromes, 123I-FP-CIT SPECT has been the most studied
molecular imaging technique in degenerative parkinsonian
syndromes [27]. There is satisfactory medical evidence
that it can distinguish Parkinson’s disease from essential
tremor (class I) [28] and drug-induced parkinsonism (class
II) [29]. It is indicated for distinguishing degenerative
forms of parkinsonism from essential tremor, and DLB
from Alzheimer’s disease in doubtful cases. In fact, sub-
jects with essential tremor, drug-induced parkinsonism and
psychogenic movement disorders have normal dopamine
transporter uptake [30, 31], whereas patients with degen-
erative conditions exhibit a reduction of striatal dopamin-
ergic binding [32, 33] very early in the disease course,
even at the premotor stage. SPECT evaluation has an es-
timated 97% sensitivity and 100% specificity in distin-
guishing clinically diagnosed degenerative parkinsonism
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from essential tremor [28]. Similar accuracy was observed
in neuropathologically confirmed cases of DLB versus
Alzheimer’s disease [34]. Dopamine uptake impairment is
more pronounced in the striatum contralateral to the clini-
cally more affected side. Although a robust distinction be-
tween the various degenerative forms of parkinsonism is
not possible on the basis of SPECT assessment, a differen-
tial pattern has been suggested at the group level. In fact,
relative preservation of caudate nucleus compared with
putaminal uptake suggests Parkinson’s disease, whereas
PSP and MSA-P patients exhibit a substantial alteration of
dopamine transporter binding in the whole striatum [35].
For CBD, a wide variation of dopamine uptake has been
described [36] and, like MSA-C, a few cases with normal
SPECT binding have been reported [37–40]. Differential
patterns of dopamine transporter impairment are illustrated
in figure 2.
A correlation between striatal SPECT uptake and disease
severity is established in Parkinson’s disease with, for ex-
ample, the Hoehn and Yahr scale, motor Unified Parkinson
Disease Rating Scale (UPDRS) scale and bradykinesia, but

not with tremor and rigidity which rely on other (non-
dopaminergic) mechanisms [41, 42]. Similarly, it is debat-
ed whether dopamine transporter density represents a valid
assessment of nigral cell count in the substantia nigra [43],
recent evidence showing that it is mainly correlated with
axonal dysfunction but not directly with nigral cell loss
[44].
As 123I-FP-CIT does not compete with levodopa for up-
take, ongoing dopaminergic treatments do not interfere
with SPECT evaluation and therefore do not need to be
withdrawn. However, bupropion, fentanyl and ampheta-
mines can decrease DaTSCAN® uptake [45].
A valid alternative to 123I-FP-CIT SPECT is 18F-DOPA
PET, which is widely used in neurology clinics for the
diagnosis of Parkinson’s disease. However, owing to the
up-regulation of aromatic amino acid decarboxylase as a
compensatory mechanism in degenerative conditions, the
degree of nigrostriatal insult is likely to be underestimated
[46, 47].
In addition, 11C- and 18F-labelled dihydrotetrabenazine
PET has proven very sensitive in detecting presynaptic

Figure 1: Summary of the dopaminergic pathways within the striatum and the main PET and SPECT targets.Republished with permission of
Elsevier, from “Advances in imaging in Parkinson’s disease”, by A. Jon Stoessl, WR Wayne Martin, Martin J. McKeown, Vesna Sossi, The
Lancet Neurology, Vol. 10, permission conveyed through Copyright Clearance Center, Inc.

Figure 2: Axial 123I-FP-CIT SPECT (ioflupane, DaTSCAN®) showing a preserved “comma-shaped” uptake in a healthy subject (A) with pre-
served uptake for both caudate nucleus (CN, green arrow) and putamen (P, red arrow). We can observe typical asymmetric and mostly putam-
inal uptake reduction in Parkinson’s disease (B), and a severe uptake impairment involving the whole striatum in a patient with PSP (C).
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dysfunction in Parkinson’s disease [26, 48] by estimating
density of vesicular monoamine transporter 2 and, at vari-
ance with dopamine transporter and aromatic amino acid
decarboxylase ligands, does not seem to be affected by ma-
jor compensatory changes [46]. Nonetheless, it is not as
widely available as dopamine transporter ligands.
The concept of a scan without evidence of dopaminergic
deficit reflects preserved presynaptic dopaminergic uptake
unexpectedly found in 1 to 15% of patients with suspected
Parkinson’s disease. These observations derived from
large-scale neuroprotective trials where subjects under-
went dopamine transporter imaging as a biomarker of neu-
rodegeneration [49, 50]. As dopamine SPECT is a sensi-
tive method to detect early presynaptic dopamine degen-
eration, which occurs several years before motor symp-
toms, it seems unlikely that genuine Parkinson’s disease
patients can have normal dopamine transporter function.
In fact, current evidence shows that subjects with normal
dopamine transporter imaging either have been misdiag-
nosed (they have a nondegenerative condition mimicking
Parkinson’s disease, such as dystonia or essential tremor)
or have an abnormal follow-up scan [51–55]. Combining
semiquantitative analysis with the standard visual assess-
ment also allows detection of subtle presynaptic changes
[33].

Diagnostic differentiation of Parkinson’s disease from
other degenerative parkinsonian syndromes
After confirming a presynaptic dopaminergic pathway im-
pairment supporting the diagnosis of a degenerative
parkinsonism, molecular imaging tools capable of distin-
guishing Parkinson’s disease from other degenerative con-
ditions can be useful in selected cases. The clinician can
face ambiguous situations, especially early in the disease
course when clinical symptoms of Parkinson’s disease and
atypical conditions may overlap. Moreover, population-
based studies have shown that at least 15% of patients with
diagnosed Parkinson’s disease do not fulfill clinical diag-
nostic criteria and that 20 to 25% with Parkinson’s disease
were diagnosed with another condition, such as vascular,
atypical degenerative forms of parkinsonism, or essential
tremor [56, 57]. Nuclear medicine imaging could therefore
be helpful in the differential diagnosis of Parkinson’s dis-
ease. Although there is no definite way to separate Parkin-
son’s disease from atypical conditions, the evaluation of
other molecular targets, such as postsynaptic dopaminergic
receptors, glucose metabolism or postganglionic adrener-
gic function [58] can offer precious clues to clinicians.
Brain glucose metabolism can be assessed with an FDG-
PET scan [59]. Parkinson’s disease patients usually show
normal striatal metabolism, although various degrees of
temporoparietal hypometabolism have been described
[60]. Atypical parkinsonian syndromes usually show a
marked reduction in glucose metabolism. In the case of
MSA-P, pronounced hypometabolism can be observed in
the striatum, especially in the posterior putamen [59],
whereas patients with the cerebellar variant of MSA
(MSA-C) usually exhibit reduced metabolism in the pon-
tine and cerebellar regions. In PSP, hypometabolism is
commonly described in the caudate nucleus, medial thal-
amus and midbrain, as well as in frontal areas (anterior
cingulate, supplementary motor and premotor areas) [61].
Marked and highly asymmetric frontoparietal and subcor-

tical hypometabolism is commonly seen in patients with
CBD [62].
Postsynaptic dopaminergic receptors represent another in-
teresting target (fig. 1). Their density can be measured
with both PET and SPECT ligands. The more widely used
postsynaptic D2 PET compound is raclopride, which usu-
ally shows normal or increased uptake in unmedicated
Parkinson’s disease patients [63], but a marked reduction
in MSA, PSP and Parkinson’s disease subjects on
dopaminergic treatment [64]. 123I-(S)-2-hydroxy-3-io-
do-6-methoxy-N-[1-ethyl-2-pyrrodinyl)-methyl]benza-
mide (IBZM) SPECT shows that Parkinson’s disease pa-
tients both with or without dopaminergic medication ex-
hibit normal postsynaptic D2 uptake [65]. Similarly, sub-
jects with CBD usually have preserved post-synaptic bind-
ing [66], whereas MSA and PSP harbour a severe uptake
reduction [31].
Myocardial SPECT can be used to assess the integrity of
postganglionic sympathetic fibres as 123I-metaiodobenzyl-
guanidine (MIBG) is taken up by postganglionic adren-
ergic neurones. The heart-to-mediastinum ratio (the usual
measure used in MIBG SPECT) is decreased in Parkin-
son’s disease, irrespective of disease severity and duration
[67]. Conversely, MIBG SPECT uptake is preserved or on-
ly mildly reduced in CBD, PSP and MSA [68, 69] (fig. 3).
In fact, although MSA patients suffer from a severe dysau-
tonomia, it is mainly due to presynaptic autonomic dys-
function [70], and the postsynaptic adrenergic fibres are
left intact. Sudmeyer et al. showed that combining presy-
naptic and postsynaptic dopamine imaging with MIBG
SPECT resulted in 94% test accuracy in distinguishing
Parkinson’s disease from atypical conditions [71]. One
caveat about MIBG is that an abnormal scan may be due
to other non-neurological conditions, such as coronary dis-
ease or diabetes.
In summary, after establishing the presence of presynaptic
dopaminergic denervation (for example with 123I-FP-CIT
SPECT), another PET/SPECT imaging procedure can be
performed in selected cases in order to help in the differ-
ential diagnosis of degenerative parkinsonism. Based on
ligand availability in medical centres and on current lit-
erature, cardiac MIBG SPECT has level A evidence that
it can separate Parkinson’s disease from atypical condi-
tions [72], whereas postsynaptic dopamine imaging cannot
be recommended for routine evaluation [73]. Furthermore,
there was insufficient evidence that metabolic PET imag-
ing in 2013 can distinguish Parkinson’s disease from atyp-
ical conditions, according to the European Federation of
Neurological Societies (EFNS) guidelines, which are cur-
rently being revised [72]. Since then, several papers have
shown the added value of FDG PET in differentiating
parkinsonian syndromes and predicting cognitive impair-
ment in Parkinson’s disease, and FDG-PET can be pro-
posed for the diagnostic work-up on an individual basis
[74–76].

Other PET/SPECT ligands of interest
Although not used routinely in clinical evaluation for pa-
tients with suspected parkinsonism, several other ligands
have been studied and deserve a quick overview.
Human post-mortem studies have shown that microglial
activation present in the brain’s resident macrophages is
associated with neurodegenerative diseases [77]. Ligands
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such as PK11195 have the ability to bind to a mitochondr-
ial translocator protein specifically expressed by activated
microglia [78]. Consequently, several authors have report-
ed an increased PK11195 PET binding in basal ganglia,
pons and frontal cortex in Parkinson’s disease subjects in
comparison with healthy controls [79] and a more wide-
spread involvement of cortical areas in Parkinson’s disease
patients with dementia [80, 81]. In atypical parkinsonian
syndromes, microglial activation was topographically cor-
related with alpha-synuclein/tau usual deposition, which is
in the pallidum and pons for MSA and PSP [79, 82] and
frontoparietal areas in CBD [83].
In addition to showing impairment of various monoamin-
ergic pathways, nuclear medicine imaging techniques have
now the outstanding ability to estimate specific aggrega-
tion of toxic proteins directly involved in parkinsonian
syndromes. Regarding tau imaging, several issues must be
addressed in the first place. Unlike amyloid, tau aggrega-
tion is intracellular, making ligand binding problematic,
the more so as several tau isoforms exist, some of which
being not pathogenic. In addition, current ligands like 18F-
AV1451, 11C-PBB3 and 18F-THK5351, albeit showing
substantial tau deposition in tauopathies such as PSP, have
been developed to target mainly tau aggregates typical of
Alzheimer’s Disease, while their profile of affinity for oth-
er tau isoforms is more variable [84–86].
Regarding assessment of alpha-synuclein aggregation,
which would be particularly useful for Parkinson’s disease
and MSA, research is still ongoing. In fact, it has proved
difficult for the current developed ligands to either cross
the blood-brain barrier in order to bind to alpha-synuclein
or to target selectively its toxic aggregates, due to the inter-
ference of other proteins like amyloid [87].

Clinical work-up

The following workflow proposes a clinically-oriented
strategy to consider nuclear medicine ancillary tests when
facing a patient with suspected parkinsonism (fig. 4).
The first step is to confirm parkinsonism, which requires
the presence of bradykinesia in association with either

rigidity or rest tremor. As a reminder, bradykinesia is de-
fined as the progressive decrease of both speed and ampli-
tude when performing repetitive movements such as open-
ing-closing the hand or foot tapping [88]. Mild and isolated
rigidity is frequently encountered in the elderly popula-
tion and can be due to poor collaboration, difficulty for the
patient to relax (paratonia, Gegenhalten) or what is com-
monly referred to as mild parkinsonian signs considered to
be due to various degrees of cerebral small vessel disease
[89]. This is not sufficient a criterion to confirm parkinson-
ism. Postural instability, which was until recently part of
the classical tetrad of Parkinson’s disease (with bradykine-
sia, tremor and rigidity) has been removed as a main crite-
rion because it is not encountered in early Parkinson’s dis-
ease, but mainly a sign of advanced Parkinson’s disease or
of an atypical parkinsonian syndrome (e.g., PSP).
The next step is to assess whether parkinsonism is sec-
ondary to a dopamine-blocking medication (e.g., antipsy-
chotics and various antiemetic drugs such as metoclo-
pramide), vascular, or any strategic lesion damaging the
basal ganglia. Therefore, a careful drug history must be
performed and a brain MRI with at least T1-, T2- and FLu-
id Attenuation Inversion Recovery (FLAIR) sequences is
usually recommended in the initial evaluation to exclude a
secondary cause of parkinsonism [25]. When the clinical
picture is not straightforward (unclear medical history,
atypical tremor, insidious appearance of parkinsonism in
a patient under chronic neuroleptic medication), presynap-
tic dopaminergic pathway integrity can be assessed with
123I-FP-CIT SPECT imaging. This will invariably show a
reduced striatal uptake in degenerative forms of parkin-
sonism, even early in the disease course [90]. Repeating
SPECT imaging cannot be justified by the “scan without
evidence of dopaminergic deficit” hypothesis that the pa-
tient has a degenerative parkinsonism and the first scan
was “too early”. Indeed, there is evidence that SPECT
imaging is abnormal even in the pre-motor phase of
Parkinson’s disease and in some atypical parkinsonian syn-
dromes, depending on the relative progression of the ni-
grostriatal vs cortical pathology [91, 92]. On this basis,

Figure 3: Heart planar 123I-MIBG scintigraphy 4 hours post-injection showing absent (A) heart visualisation (red circle), compatible with
Parkinson’s disease. In B, heart visualisation is preserved (red star), as it is in atypical degenerative parkinsonian syndromes.
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normal presynaptic dopamine imaging was added as an ab-
solute exclusion criterion in the latest diagnostic recom-
mendations for Parkinson’s disease [13]. In addition, one
must be careful with medication interfering with ligand up-
take (amphetamines, bupropion) which may require drug
withdrawal and washout before rescanning the patient. Ab-
normal cardiac MIBG SPECT is now considered as a sup-
portive criterion of Parkinson’s disease in the latest diag-
nostic criteria from the Movement Disorders Society [13].
A degenerative form of parkinsonism is usually associated
with a slowly progressive course (over months to years)
and shows typical asymmetric rest tremor, with an excel-
lent response to levodopa in the case of Parkinson’s dis-
ease. Conversely, a poor response to dopaminergic treat-
ment and the presence of atypical signs suggests MSA
(autonomic dysfunction, pyramidal or cerebellar involve-
ment) [93], PSP (early postural instability and prominent
trunk rigidity) [23] or CBD (asymmetric parkinsonism in
association with dystonia, apraxia and pyramidal signs)
[24]. Hereditary neurological conditions with parkinson-
ism among other features (oculomotor disturbances, dysto-
nia and ataxia) include Wilson’s disease, Huntington dis-
ease and spinocerebellar ataxias, which are beyond the
scope of the present review. Whenever the distinction be-
tween Parkinson’s disease and an atypical parkinsonism
proves difficult, additional PET/SPECT can be discussed.
In Parkinson’s disease, one will observe decreased MIBG
SPECT uptake (due to postganglionic dysautonomia), pre-
served striatal metabolism on FDG-PET and normal or in-
creased postsynaptic dopaminergic uptake on raclopride
PET or IBZM SPECT.
However, when facing an individual patient, neurologists
must be aware of a number of practical limitations related
to nuclear medicine imaging scans. First, for safety rea-
sons, examinations associated with an exposure to ionising
radiation should be prescribed only when clinically rel-
evant information can be obtained, to keep the radiation
dose as low as reasonably achievable. Second, these tests

are expensive and not always reimbursed by health in-
surers, which have published limitations usually based on
medically questionable but economically logical consider-
ations. Third, nuclear medicine centres are few, sometimes
even nonexistent in some regions or countries, making ac-
cess to them difficult or impossible for the local popula-
tion. In this instance, deciding which test to perform may
be influenced in a restrictive way.

Conclusion

Although the clinical diagnosis of Parkinson’s disease is
usually straightforward when showing the cardinal symp-
toms associated with a clear response to levodopa, this
task can be challenging in ambiguous cases and may there-
fore require well-selected nuclear medicine imaging in-
vestigations. The present review shed some light on the
most widely used ligands in the evaluation of parkinsonism
and emphasised its highly multimodal approach. Func-
tional PET/SPECT imaging has the compelling ability to
explore the underlying mechanisms of neurodegenerative
diseases in vivo, but must still face several major chal-
lenges. These include design of tau and alpha-synuclein
compounds with high specificity and confirmation of cur-
rent observations in larger trials with standardised proto-
cols, in order to improve diagnostic accuracy and tracking
treatment response in future therapeutic trials. Therefore,
it is of utmost importance for the neurologist and general
practitioner to be familiar with the molecular imaging tools
available. This would ensure a tailored approach for the di-
agnostic workup and management of patients with parkin-
sonism.
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Figure 4: Proposed clinical work-up in the evaluation of a subject with parkinsonism; (-) is normal and (+) pathological.CBS = corticobasal
syndrome; MSA = multiple system atrophy; PD = Parkinson’s disease; PSP = progressive supranuclear palsy
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