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Abstract: Dopamine transporter (DAT) single-photon emission tomography (SPECT) with
(123)Ioflupane is a widely used diagnostic tool for patients with suspected parkinsonian syndromes,
as it assists with differentiating between Parkinson’s disease (PD) or atypical parkinsonisms and
conditions without a presynaptic dopaminergic deficit such as essential tremor, vascular and
drug-induced parkinsonisms. Recent evidence supports its utility as in vivo proof of degenerative
parkinsonisms, and DAT imaging has been proposed as a potential surrogate marker for dopaminergic
nigrostriatal neurons. However, the interpretation of DAT-SPECT imaging may be challenged by
several factors including the loss of DAT receptor density with age and the effect of certain drugs on
dopamine uptake. Furthermore, a clear, direct relationship between nigral loss and DAT decrease has
been controversial so far. Striatal DAT uptake could reflect nigral neuronal loss once the loss exceeds
50%. Indeed, reduction of DAT binding seems to be already present in the prodromal stage of PD,
suggesting both an early synaptic dysfunction and the activation of compensatory changes to delay
the onset of symptoms. Despite a weak correlation with PD severity and progression, quantitative
measurements of DAT binding at baseline could be used to predict the emergence of late-disease motor
fluctuations and dyskinesias. This review addresses the possibilities and limitations of DAT-SPECT in
PD and, focusing specifically on regulatory changes of DAT in surviving DA neurons, we investigate
its role in diagnosis and its prognostic value for motor complications as disease progresses.
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1. Dopamine Transporter Imaging: Role in Diagnosis

Parkinson’s disease (PD) is a progressive neurodegenerative disease characterized primarily by
the selective degeneration of dopaminergic neurons in the pars compacta of the substantia nigra
(SN). Intraneuronal inclusions composed of aggregates of a-synuclein (α-syn), called Lewy bodies
(LBs), are the other neuropathological hallmark [1]. Loss of the nigral neurons, first the lateral tier
followed by the medial region, is extensive and characteristic for PD, and it leads to substantial
reduction of the presynaptic dopamine transporter (DAT) [2]. DAT is a transmembrane sodium
chloride dependent protein expressed only in presynaptic dopaminergic cells. DAT is responsible
for reuptake of dopamine (DA) from the synaptic cleft, and it is critical in the spatial and temporal
buffering of released DA levels [3]. DAT also has a role in the regulation of quantal DA release at
endplates by influencing the DA storage in the synaptic vesicles and the mobility of vesicle pools
for release [4,5]. In PD, a lower membrane DAT expression on presynaptic terminals may possibly
reflect striatal dopamine terminal loss and is in direct proportion to the magnitude of the depletion
of nigral cells. The DAT ligands for single-photon emission tomography (SPECT) have all shown
significantly reduced striatal uptake in PD. Abnormal uptake progresses from putamen to caudate and
matches, contralaterally, the clinically more affected side, which correlates well with disease severity
and duration [6], as well as with both rigidity and bradykinesia, but not with tremor severity [7,8].
[123I]FP-CIT (123I-ioflupane) is one of the most used radiotracers for single-photon emission computed
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tomography (SPECT) imaging of DAT. Indeed, this [123I]-labelled cocaine analogue shows high
specificity for the DAT and has fast kinetics, which allows it to be adequately imaged in clinical
practice [9]. Other dopamine transporter ligands that examine dopaminergic systems in vivo include
[99mTc]TRODAT [10], [123I] β-CIT [11], and [123I]IPT [12], and the differences among these tracers
are mainly in their kinetic properties [13]. Dopamine transporter single-photon emission computed
tomography (DAT-SPECT) allows us to evaluate the integrity of the nigrostriatal pathway in vivo,
providing the promise of an objective and quantitative biomarker of neuronal degeneration in PD [14].
It is a valuable diagnostic tool to help differentiate essential tremor (ET) from tremor due to parkinsonian
syndromes, and it is valuable for a differential diagnosis of degenerative parkinsonisms compared to
vascular and drug-induced parkinsonisms [15] (Figure 1). However, the diagnosis of vascular as well
as drug-induced parkinsonism might be misleading since evidence of vascular, even strategic, lesions
or a positive history of long-term exposure to antidopaminergic drugs does not automatically rule
out a concomitant disturbance of the nigrostriatal dopaminergic pathway. Thus, if DAT imaging in
pure vascular parkinsonism is typically normal [16], other reports have described an involvement of
the nigrostriatal system in patients with parkinsonism and brain vascular lesions [17–19]. Similarly,
DAT imaging is likely to be normal in pure drug-induced parkinsonism caused by the D2-receptor
blockade [20], but involvement of the nigrostriatal system is possible in up to 50% of patients with
parkinsonism and with a long-term exposure to antidopaminergic drugs [21,22]. Furthermore, DAT
imaging can reveal nigrostriatal impairment, even in isolated/atypical tremors, in which an abnormal
SPECT can even predict clinical conversion to a fully blown parkinsonism [23–26]. All this evidence
supports the conclusion that DAT imaging is the most reliable proof of degenerative parkinsonism,
and, accordingly, a normal DaTSCAN has been incorporated in the new Movement Disorders Society
(MDS) criteria as exclusion criteria for PD [27]. In this respect, cases of parkinsonism without evidence
of dopaminergic deficit (so-called scans without evidence for dopaminergic deficit, SWEDD) are not to
be considered PD [28], and the term SWEDD should be abandoned, although some data support the
notion that an initial, normal DAT-SPECT cannot always exclude early degenerative parkinsonism,
suggesting that such patients should be monitored over time [29–31]. To complicate matters further,
in some degenerative parkinsonisms, such as corticobasal degeneration (CBD) [32] and dementia with
Lewy body (DLB) [33,34], in which nigrostriatal dopaminergic dysfunction is usually present, initial
DAT-SCANs can be normal, and patients may develop later alterations of DAT imaging in the course
of the disease [34–38] (Figure 1).

Some attempts have been performed to use DAT-SCAN for a differential diagnosis between PD and
atypical parkinsonisms, such as an evaluation of the asymmetric index and the caudate/putamen ratio,
with no significant success in clinical practice [39–41]. In visual assessments, a burst striatum pattern
was reportedly more common in patients with a clinical diagnosis of atypical parkinsonism, whereas
an egg-shaped pattern, which is typical of putaminal degeneration, was reportedly more indicative for
PD [42,43]. However, no usefulness on an individual basis has so far been reported in distinguishing
PD from atypical parkinsonisms because in pathologically proven atypical parkinsonisms and PD,
the DAT-SPECT patterns greatly overlap each other [44].
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Figure 1. Schematic representation of a dopamine synapse with the dopamine transporter (DAT) and
its interference by both external and disease-related factors. (AChEIs: acetylcholinesterase inhibitors;
BMI: body mass index; iRBD: idiopathic REM sleep behavior disorder; LRRK2: leucine-rich repeat
kinase 2; and VMAT: vesicular monoamine transporter).

2. Dopamine Transporter Imaging: Drug and Habit Interferences

DAT activity is under the control of different presynaptic proteins, including DA autoreceptors,
that can promote both trafficking and the availability of the transporter at the plasma membrane [45]
(Figure 1). In animal studies, DAT expression can be interfered by dopaminergic drugs. In rats and
monkeys in particular, levodopa can induce an increase of DAT [46–48]. However, a decrease of
DAT in rats has also been reported with levodopa [49]. Previous studies using DAT radioligands
have demonstrated that levodopa appears to have no significant effect on its striatal uptake [50,51].
Similarly, dopamine agonists in standard dosages do not markedly affect the DAT binding capacity
independently on the pharmacological profile [52,53]. Current data suggest that D2 autoreceptors
induce recruitment of DAT to the membrane, facilitate DA uptake, and DA D2 agonists up-regulate
DAT functions in vitro [54]. Recently, the effects of prolonged treatment with DA D3 agonists on DAT
have been reported, and they indicated significant underexpression of DAT and the reduction of DA
reuptake by dopaminergic neurons [55]. Because of this potential dual effect on D2 or D3 autoreceptors,
a trial with pramipexole, a DA agonist, found its use to be ineffective on DAT at the doses usually
employed in clinical practice [51]. Instead, the effect of DA D1 agonists on DAT is not entirely known;
however, the inhibition of DAT by SKF-83566, a D1 receptor antagonist, has been well documented [56].
After short-term exposure to rotigotine, which has great affinity for D1 and D2 receptors, a mild
DAT striatal up-regulation has been recently reported [57]. Based on these findings, PD patients are
currently submitted to SPECT studies without the need to withdraw dopaminergic drugs [58].

Selective serotonin reuptake inhibitors (SSRIs) are the mainstay treatment for major depressive
disorder, and their effect on DAT is not fully understood yet (Figure 1). Citalopram has been reported
to significantly decrease DAT availability, whereas bupropion has no effect [59]. No changes in striatal
DAT with different SSRIs have been recently reported [60]. However, some concerns still persist
regarding sertraline and citalopram, which in clinical use are preferentially withdrawn before DAT
imaging studies. Cholinesterase inhibitors, drugs used for dementia in Lewy body disease and PD
with dementia, did not significantly influence DAT expression in a clinical study [61]. Coffee may
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interfere with dopaminergic transmission, and this action would possibly enhance motor activity and
exert an antidyskinetic effect in PD. Nevertheless, in a recent study, chronic coffee consumption was
not associated with any significant change in DAT expression [62]. Conversely, cigarette smoking was
associated with striatal DAT reduction in PD smokers, as already reported in non-PD smokers [63,64].
However, results of a recent meta-analysis on nicotine did not show any significant effects between
smokers and nonsmokers on DAT availability, whereas significant downregulation was reported for
most studies investigating the effect of stimulant drugs on DAT such as cocaine, methamphetamine,
and amphetamine [65] (Figure 1).

3. Dopamine Transporter Imaging: Relationship with Nigral Cell Counts

The density of DAT on presynaptic terminals is considered a surrogate marker for dopaminergic
nigral cell counts and vitality, but a clear, direct relationship between nigral loss and DAT decrease has,
so far, been controversial. Reduced DAT striatal availability parallels loss of striatal DA and loss of
nigrostriatal fibers in monkeys chronically treated with 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) [66]. Recently, in a cohort of autopsy-confirmed neurodegenerative disease cases, researchers
investigated whether changes in DAT images reflected loss of DAT, because of cell death or
neurodegenerative pathology, by examining the influence of nigral neuronal loss as well as nigral
(α-syn, tau) and striatal (α-syn, tau, amyloid-β) pathology on striatal uptake in 4 cases of Alzheimer’s
disease (AD), 7 cases of dementia with Lewy bodies (DLB), and 12 Parkinson’s disease dementia
(PDD) cases. Subjects underwent antemortem dopaminergic scanning and postmortem assessments
(mean interval 3.7 years). In all striatal regions, tracer uptake was associated with nigral dopaminergic
neuronal density but not α-syn, tau, or amyloid-β burden [67]. In another paper, postmortem SN cell
counts in patients (PD, DLB, AD, multiple system atrophy, and CBD) who had previously undergone
DAT-SPECT were correlated with striatal DAT values. They found a high correlation between striatal
uptake binding and postmortem SN cell counts, confirming the validity of DAT imaging as an excellent
in vivo marker of nigrostriatal dopaminergic degeneration [68]. In contrast, in nonhuman primates
with experimental parkinsonism, striatal uptake of the DAT ligand did not faithfully reflect nigral
cell counts throughout the full range of neuronal loss, with a flooring effect once nigral loss exceeded
50% [69]. To support this finding, in a recent study in which nigral neuron numbers were calculated
for 18 patients (11 patients had neuropathologically confirmed PD) who had been examined with
DAT-SPECT before death, postmortem SN–pars compacta (SNc) neuron counts were not associated
with striatal DAT binding in PD. These results fit with the theory that there is no correlation between the
number of SN neurons and striatal DA after a certain level of damage has occurred. Striatal DAT binding
in PD may reflect axonal dysfunction or DAT expression rather than the number of viable neurons [70].
It should be considered that in these studies there is a possible bias represented by the time interval
between the in vivo scan and the postmortem examination (3.5 years in the group with the shorter
interval). A possible approach to overcome this limitation might be to correlate in vivo dopaminergic,
neuromelanin-rich neurons in SN measured by magnetic resonance imaging (MRI) with DAT ligand
striatal uptake. MRI measures of neuromelanin (both area and signal intensity) show decreased levels
in the region corresponding to SNc in PD patients, with respect to healthy controls [71–78], and patients
with ET [79] that paralleled disease severity and duration [80,81]. Moreover, a good correlation exists
between signal intensity in neuromelanin-sensitive MRIs and the density of neuromelanin-containing
neurons in the SNc [82,83]. Interestingly, a good correlation between neuromelanin-sensitive MRI SN
measures and striatal DAT-SPECT values has been recently demonstrated [84,85].

Direct visualization of the SN is one of the unmet needs in neuroimaging of parkinsonisms, with
controversial results obtained from the various attempted approaches [86]. By using susceptibility-
weighted imaging (SWI) at 7T and even at 3T MRI, the loss of the hyperintense laminar or ovoid-shaped
areas present in SN of healthy controls [87,88], identified as nigrosome-1, has been proposed as a
morphological marker of nigral depletion in both PD and atypical parkinsonisms, with no significant
difference on an individual basis [89].
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These observations could also have implications in the potential detection of the premotor phase
of PD in order to evaluate at-risk subjects. In this respect, carriers of dominant PD genes, such as
leucine-rich repeat kinase 2 (LRRK2) mutations, or subjects with REM sleep behavior disorder (RBD) are
ideal candidates to evaluate the detection of preclinical/premotor PD by means of nuclear medicine or
MRI. The potential role of DAT imaging has been demonstrated [90–93], whereas data on SWI–MRI are
only sparse. In a study of a family with three LRRK2 mutation carriers, the DAT-SPECT was abnormal
for all family members, whereas the MRI signal in the SN was abnormal only in the unaffected mother
and in the affected daughter, and it was normal in the unaffected son [94]. Moreover, in a series of 15
RBD subjects studied by 3T MRI, an alteration of nigrosome-1 was reported in two-thirds of them [95].

Emerging interest has pointed towards the mutual relationship between SN MRI anatomical
changes and the assessment of dopaminergic nigrostriatal functions, as assessed by DAT imaging.
A good agreement between SN-MRI abnormalities and [123I]FP-CIT-SPECT has been reported [96].
However, preservation of nigrosome-1 was reported in few patients with PD and degeneration
of the nigrostriatal pathway. The disagreement between MRI and SPECT was also observed in
patients with CBD [97], in a carrier of the LRRK2 mutation [94], and in one patient with RBD [98].
By assuming DAT-SPECT is a surrogate marker of degenerative parkinsonisms, such data could be
interpreted as the effect of some inaccuracies of SWI–MRI, but some considerations could also be raised.
If iron is assumed to be responsible for SN abnormality in SWI–MRI, it should be noted that iron is
not invariably associated with degeneration. The two methods explore nigral neurons at different
levels, and DAT-SPECT could overestimate degeneration because of early DAT down-regulation [99],
or, alternatively, it might reflect synaptic degeneration prior to neuronal death [100].

At the molecular level, loss of dopaminergic axonal terminals seems to precede SN cell body
loss [101]. Specific deregulated pathways linked to axonal degeneration have been found to occur prior
to the onset of α-syn pathology in the SN of early PD subjects [102]. Neurodegeneration in PD might
begin at the nerve terminal, and neuronal death may result from a “dying back” process [103]. Indeed,
α-syn is a natively unfolded presynaptic protein involved in synaptic transmission and synaptic
vesicle retrieval, and accumulation of misfolded fibrillar α-syn has been coupled with the severity
of neurodegeneration [104]. Thus, the role of axonal destabilization as the putative mechanism that
primarily causes neurotoxicity in PD has advanced. Notably, a decrease of DAT not only occurs
early in the disease process, but it is greatest in the early stages of PD than in subsequent years,
disappearing by year four of diagnosis [105]. In consonance with this, nigral cell loss appears to
be profound and substantial soon after diagnosis, and it becomes modest to negligible for decades
thereafter, suggesting a nonlinear reduction in tracer binding as well as in the rate of dopaminergic
cell loss over the course of the illness [106]. Neuropathological studies in human brain samples, and
both in vivo and in vitro models, support the hypothesis that nigrostriatal synapses may be affected
at the earliest stages of the neurodegenerative process. Mechanisms leading to either structural or
functional synaptic dysfunction are starting to be elucidated, and they include dysregulation of axonal
transport, impairment of the exocytosis and endocytosis machinery, altered intracellular trafficking,
and loss of corticostriatal synaptic plasticity. Recent data support the view that, in PD, early synaptic
dysfunction is directly caused by α-syn oligomers through different and multiple mechanisms [107].
Although α-syn is expressed throughout the brain, DA neurons are the most vulnerable in PD, likely
because α-syn directly regulates DA levels as a negative modulator by inhibiting enzymes responsible
for its synthesis and by interacting with and reducing the activity of vesicular monoamine transporter
2 (VMAT2) and DAT [108].

4. Dopamine Transporter Imaging: A Window of Compensatory Mechanisms

Neuronal loss in the SN, with or without LBs, occurs with normal aging in a spectrum that
spans from age-associated brain changes to structural alterations of neurodegenerative diseases like
PD [109]. In general, there is abundant evidence in support of the association between aging and
PD: the incidence and prevalence of PD strongly increase with age, and aging is the predominant
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risk factor [110]. PD affects 3–4% of individuals over the age of 65 years and reaches a prevalence
of 4% in the highest age groups [111]. Furthermore, age at onset of PD significantly affects the
phenotype and accelerated progression of disease, especially in the early–middle phase [112]. However,
although there is a marked age-related decline in DA levels (about 7% per decade), aging alone
cannot lead to the critical level of cell loss necessary for parkinsonian signs to emerge (estimated
as approximately 80% striatal dopamine depletion). Moreover, the patterns of striatal dopamine
loss in PD and normal aging are different, affecting mostly the ventrolateral segment of the SN in
patients with PD [113]. Similarly, age-related striatal DAT decline does not seem to be exaggerated or
accelerated in PD [114], even though activation of regulatory and compensatory mechanisms directed
at maintaining DA uptake, superimposed upon disease-related DA terminal loss, may have masked
significant age correlations [115,116] (Figure 1). As a consequence of this, currently PD is not merely
considered the result of an accelerated aging process, even though the effects of aging on dopaminergic
neurotransmission in the striatum might be consistent with a pre-PD state [117].

Similarly, Lewy pathology has been found at autopsy in the brains of elderly individuals without
clinical PD in association with intermediate SN neuron loss between PD cases and controls, supporting
the concept that subjects with incidental LB pathology represent preclinical PD [118]. Indeed, LB
pathology and a nigrostriatal dopaminergic deficit are thought to antedate the clinical diagnosis by
several years [119]. Furthermore, nigrostriatal dysfunction can also be detected in clinically unaffected
members of kindred with familial PD [120]. In addition, reduction of DAT binding has been reported
in subjects with a high genetic risk of PD, suggesting that nigrostriatal dopaminergic dysfunction
may be considered a subclinical manifestation of the disease [121,122]. The SN is neither the earliest
nor the most severely affected region, and PD-related lesions are seen in the lower brainstem and in
olfactory bulb/anterior olfactory nucleus prior to involvement of the SN [123]. Nevertheless, once the
involvement of the SN occurs, it still takes time before full parkinsonism can be diagnosed. Indeed, the
cardinal motor signs of PD (bradykinesia, rigidity, and resting tremor), which are attributed mostly to
dopaminergic cell loss, emerge when there is already a loss of approximately 30% of SN neurons and
50% to 70% of dopaminergic markers in the striatum [124].

Redundancy in basal ganglia functions and mechanisms of functional compensation could serve
to delay the clinical onset of PD motor signs during early stages. From this point of view, a late
appearance of parkinsonian symptoms would be due to failure of compensatory mechanisms to
maintain dopaminergic control over striatal cell function [125]. It is possible that compensatory
processes within and outside the basal ganglia, which may be particularly relevant in the early
presymptomatic phase of PD, could interfere with the detection of functional impairments for a given
period of time [126]. Indeed, regulatory changes that may occur to partially compensate for the loss of
dopaminergic terminals include downregulation of the DAT to increase dopaminergic activity and
maintain the basal ganglia output within normal limits. Thus, although DAT-SPECT imaging is able to
detect reduction of DAT density in patients with PD, we cannot exclude that possible compensatory
DAT downregulation at baseline may cause its underestimation and give more severe estimates of DA
dysfunction [99]. However, the relevance of DAT downregulation to functional compensation in the
preclinical phase is not clear, and it does not appear to reduce sensitivity of the SPECT technique [127].

More recently, adaptive changes in other neural structures than the nigrostriatal pathway, such as
the subthalamic nucleus and the globus pallidus pars internalis, have been invoked to play a central role
in the compensatory mechanisms that sustain dopaminergic functions in the early phases of PD [128].
It is probable that different mechanisms are likely to come into play at different stages of disease
progression [129], and a better recognition of the key mechanisms underlying long-term compensation
could lead to the development of therapeutic strategies that aim to further delay the clinical onset of
PD [130]. Additionally, these compensatory early events could have long-term, deleterious effects on
basal ganglia function and determine the response to drug treatment and the development of motor
complications in PD. In particular, it is conceivable that the same mechanisms, which seem to be
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involved in delaying the onset of clinical symptoms in early disease, may have a different effect in
more advanced disease when DA storage capacity and DA availability are further impaired.

Indeed, presynaptic and postsynaptic mechanisms have also been observed to persist in more
advanced stages of the disease and have been predicted to promote the development of motor
complications as the disease progresses [131]. Specifically, evidence suggests that increased dopamine
turnover plays a major role in the pathogenesis of motor fluctuations and dyskinesias [132–134].
Functional downregulation of DAT expression has been related to an increased DA turnover and DA
release, even accounting for the degree of denervation, contributing to oscillations in synaptic DA
levels. Additionally, DA turnover increases after the initiation of levodopa treatment in early PD [135].
This is in keeping with motor complications arising from chronic pulsatile stimulation of DA receptors
with levodopa treatment [136]. Such models could explain why patients with dyskinesias tend to
express relatively lower levels of DAT per surviving nigrostriatal dopaminergic nerve terminal [137].

Several longitudinal observations indicate that the magnitude of DAT binding in early PD,
especially in the posterior putamen, could be predictive for the development of dyskinesias [138]
and motor complications in later disease [139]. Of note is that reinstating even a small amount
of DAT expression in rats, by grafting cells that express DAT into the striatum of dyskinetic rats,
might significantly ameliorate dyskinesias [140]. Furthermore, a recent study demonstrated that the
initially low posterior putaminal DAT activity is closely coupled not only with dyskinesia development
but also with the timing of levodopa-induced dyskinesia onset in patients with de novo PD [141].
Interestingly, an antero-posterior gradient of dopamine denervation in the putamen, most pronounced
in the postero-dorsal area, is maintained throughout the course of Parkinson’s disease, but it is more
prominent in early disease [142]. Consistently, baseline DA turnover showed a similar regional
pattern with elevated DA turnover in the putamen and further accentuation in its posterior part [139].
In contrast, the lower levels of DAT activity in the anterior putamen of de novo PD patients has been
reported to be a significant predictor for future development of motor fluctuations [143]. It remains
difficult to explain the underlying pathomechanisms for this regional difference between fluctuations
and dyskinesias.

If the loss of DA storage due to presynaptic dopamine neuronal degeneration is preferentially
associated with the development of motor fluctuations, dopamine neurons in the anterior putamen
could have a greater role in storing DA [143]. However, overall, other functional neuroimaging results
have been inconsistent, and the relationship between DAT binding and the emergence of late motor
complications of PD remains unclear [144,145]. In particular, postsynaptic changes and the influence
of neurotransmitters other than dopamine seem to be involved in their development [146].

Similarly, the relationship between DAT binding and PD progression remains unclear. Bearing in
mind that reduced DAT expression might indicate neuronal and axonal dysfunction without alterations
in dopaminergic neuronal counts, several authors investigated whether the baseline dopaminergic
striatal uptake could predict the development of clinically important long-term motor and nonmotor
outcomes. Ravina and colleagues reported that lower [123I]b-CIT SPECT at baseline is independently
associated with motor-related disability as well as with nonmotor features such as cognitive impairment,
psychosis, and depression [147]. Accordingly, in other individual studies, patients with a more severe
reduction of striatal DAT uptake had higher incidence of anxiety [148], visual hallucinations [149],
apathy [150], freezing of gait [151], and urinary symptoms [152]. However, imaging markers were not
incorporated in the useful predictive model of PD motor progression constructed by Latourelle and
colleagues because of their demonstrated scant prognostic utility [153].

The emergence of new DAT tracers promises to result in the development of powerful markers
for PD. Furthermore, it is noteworthy to mention that SPECT imaging is limited by poor spatial and
temporal resolution and has a worse quantitative capacity than PET. Recently, Li et al. identified
11C-PE2, a highly specific DAT radioligand suitable for PET imaging, as a potential alternative surrogate
biomarker for studies of PD progression for its ability to track changes in motor performance over time
in 33 PD subjects [154]. Overall, findings about the prognostic implications of abnormal DAT imaging
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in early PD are discordant. Moreover, following PD progression with DAT imaging can be confounded
by dopaminergic and other medications. In addition to aging, in terms of clinical confounding factors
that determine the initial striatal DAT activity, gender [116] and body mass index [155] have also been
suggested to have differential effects in the striatal binding of [123I]FP-CIT.

5. Conclusions

DAT Imaging is a reliable tool for investigating the presynaptic dopaminergic nigrostriatal
pathway, and it is useful in clinical practice as proof of degenerative parkinsonisms. However, there
are several findings that DAT expression is not merely related to the vitality of the nigral neurons,
since synapsis involvement could antedate nigral cellular degeneration and DAT density could be
modulated as a compensatory mechanism in preclinical/early PD. All of these points, along with several
potential external interferences, make DAT imaging a less reliable marker of disease progression.
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