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Abstract

Dopamine transporter (DAT) imaging with ['ZI]N-e-fluoropropyl-2p-
carbomethoxy-3f-(4-iodophenyl)nortropane  (['*I]JFP-CIT) single-photon
emission computed tomography (SPECT) is commonly used in routine clinical
studies to exclude or detect a loss of striatal DATS in individual patients with a
movement disorder or dementia. In this chapter, we describe the clinical appli-
cations of ["2*I]JFP-CIT SPECT imaging. To facilitate the interpretation of
['ZI]JFP-CIT SPECT images, we first describe the results of ['ZI]FP-CIT
SPECT studies in healthy controls. Thereafter, we describe the typical findings
when applying this technique in movement disorders and dementia character-
ised by a loss of striatal DATs (e.g. Parkinson’s disease and dementia with
Lewy bodies). We will also describe the possibilities to analyse ['*I]FP-CIT
SPECT scans in the setting of routine clinical practice. Finally, we briefly dis-
cuss the characterisation of extrastriatal ['**I]JFP-CIT binding and its potential
role in future studies.

31.1 Introduction

As described extensively in another chapter of this book series (Booij et al. 2020),
the dopamine transporter (DAT) is mainly located in the membrane of presynaptic
dopaminergic neurons (see Fig. 1 of Booij et al. 2020). Several radioligands for the
DAT have been developed successfully for both positron emission tomography
(PET) and single-photon emission computed tomography (SPECT) imaging (for
details see Booij et al. 2020). Yet, only a single radiotracer for the DAT has been
licensed both by the Federal Drug Administration (FDA) and the European
Medicines Agency (EMA). This radiotracer is [“I]N-w-fluoropropyl-2p-
carbomethoxy-3p-(4-iodophenyl)nortropane (['*’IJFP-CIT), which is marketed as
DaTSCAN and DaTscan in Europe and the United States, respectively. ['**I]FP-CIT
is a cocaine derivative that was first synthesised by the chemist John L. Neumeyer
in the early 1990s (Neumeyer et al. 1994).

Currently, ['2IJFP-CIT SPECT is often used in routine clinical practice to
exclude or detect the loss of nigrostriatal neurons in individual patients (Booij et al.
2001; Lokkegaard et al. 2002; Kupsch et al. 2012; Catafau et al. 2004).

In this chapter, we will discuss the potential clinical applications of ['Z*I]JFP-CIT
SPECT. We will first describe the results of studies performed in healthy control
subjects and then discuss the role of ['Z*I]JFP-CIT SPECT in differentiating between
degenerative and non-degenerative movement disorders in clinical practice as well
as its potential role in dementia. We will also discuss how ['ZI]FP-CIT SPECT
images can be analysed optimally as part of a routine clinical procedure. Finally, we
will touch upon the potential role of extrastriatal ['*I]JFP-CIT binding in future
imaging studies.
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31.2 Dopamine Transporter Imaging in Healthy Controls
with ['21]FP-CIT SPECT

In routine clinical studies, it is important to recognise abnormalities of striatal
['BI]FP-CIT binding on SPECT scans. Therefore, it is essential to be aware of the
range of normal binding levels against which abnormal binding needs to be recog-
nised. This will increase the diagnostic accuracy of ['>I]FP-CIT SPECT imaging in
routine clinical practice. In this paragraph, we will discuss the results of ['**I]FP-CIT
SPECT studies in healthy control subjects.

Autopsy studies in humans have shown a reduction in the number of pigmented
neurons in the pars compacta of the substantia nigra with advancing age (McGeer
et al. 1977; Fearnley and Lees 1991). In addition, autopsy studies showed that the
concentration of striatal DATs declines with natural ageing (Allard and Marcusson
1989; De Keyser et al. 1990). In line with these pathological observations,
['BI]FP-CIT SPECT studies performed in healthy controls revealed decreases in
striatal DAT binding with age, ranging from 3.3% up to 9.6% per decade (Ishikawa
et al. 1996; Lavalaye et al. 2000; Tissingh et al. 1998; Eusebio et al. 2012; van de
Giessen et al. 2013; Kaasinen et al. 2015; Yamamoto et al. 2017). The two largest
['ZI]FP-CIT SPECT studies on this topic so far included 139 healthy controls (age
range 20-83 years) and 256 healthy controls (age range 20-83 years), respectively,
and reported an average decline of striatal DAT availability of 5.5-6.3% per decade
(Varrone et al. 2013; Matsuda et al. 2018). Interestingly, one study included mainly
Caucasians (Varrone et al. 2013), while the other included Asian subjects (Matsuda
et al. 2018). Since the age-related decline in striatal DATs was comparable in both
cohorts, this suggests that ageing effects on striatal DAT expression may be unre-
lated to race. Importantly, ageing had no effect on the caudate-to-putamen ratio of
DAT binding (Fig. 31.1). This is in line with another large study in healthy controls

, N

Fig.31.1 ['*I]JFP-CIT SPECT scan obtained (3 h after injection) in a 21-year-old healthy female
control (left side) and in a 78-year-old healthy female control (right side). Striatal binding of
['ZI]FP-CIT is symmetrical and clearly visible in both the caudate nucleus and putamen, in the
young as well as the aged healthy control
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using ['®I]B-CIT (a well-validated SPECT DAT tracer that is structurally closely
related to ['">I|FP-CIT) and SPECT, which made clear that the rate of decline of
DAT binding in the caudate nucleus and putamen with ageing was comparable (van
Dyck et al. 2002). These findings suggest that it is important in routine clinical stud-
ies to take into account the effect of natural ageing on striatal DAT binding. A useful
parameter, that is not influenced by natural ageing, is the caudate-to-putamen
['**I]FP-CIT binding ratio (Fig. 31.1).

Some ['ZIJFP-CIT SPECT studies reported higher striatal binding ratios in
women than in men (Lavalaye et al. 2000; Eusebio et al. 2012; Yamamoto et al.
2017; Matsuda et al. 2018), and this effect was more pronounced in younger than
older controls (Lavalaye et al. 2000; Varrone et al. 2013; Matsuda et al. 2018),
although this gender effect was not observed in all ['*I]FP-CIT studies (Pak et al.
2018). Also, an ['2I]B-CIT SPECT study performed in a large cohort of healthy
controls (70 males and 52 females) did not find a significant effect of gender on
striatal binding ratios (Best et al. 2005). Taken together, these data suggest that the
diagnostic accuracy of ['®I]JFP-CIT SPECT in routine clinical studies may be
improved by taking gender effects into account, which may be particularly relevant
in younger individuals.

['**I]B-CIT SPECT studies in healthy controls demonstrated that the level of
striatal DAT availability in the human brain may be associated with polymorphisms
in the gene encoding for the DAT (van de Giessen et al. 2009; van Dyck et al. 2005;
Jacobsen et al. 2000). However, a meta-analysis failed to establish a significant
relationship between in vivo striatal DAT availability and polymorphisms in the
gene encoding for the DAT in healthy controls (Costa et al. 2011). In a more recent
meta-analysis, Faraone and co-workers concluded that the findings of SPECT stud-
ies on this topic were highly heterogeneous, and that the significant relationship
between striatal DAT availability and polymorphisms in the gene encoding for the
DAT may be limited to ['*I]3-CIT SPECT studies (Faraone et al. 2014). Also, to our
knowledge no ['*IJFP-CIT SPECT study has been performed to look into this topic
in a large group of healthy controls. Consequently, as it stands now, there is insuf-
ficient support to take gene effects into account in a setting in which ['*I]JFP-CIT
SPECT imaging is used for routine diagnostic purposes.

31.3 ["2I]FP-CIT SPECT Imaging in Parkinson’s Disease
and Atypical Parkinsonian Syndromes

31.3.1 ['2I]FP-CIT SPECT Imaging in Parkinson'’s Disease

An important neuropathological characteristic of Parkinson’s disease (PD) is a
severe loss of nigrostriatal dopamine neurons and consequently a decrease in striatal
DATs (Kish et al. 1988; Kaufman and Madras 1991).

Several studies have established that ['2I]FP-CIT SPECT scanning can detect a
loss of striatal DAT binding even in the early motor phase of PD (Eshuis et al. 2009;
Isaias et al. 2007; Booij et al. 1997b; Tissingh et al. 1998; Pagano et al. 2018).
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Fig.31.2 ["*I|FP-CIT
SPECT scan (3 h after
injection) of a hemi-
parkinsonian patient. Note
the asymmetry of binding,
as well as the severe loss of
binding bilaterally in

the putamen

Typically, the reduction in striatal DAT binding is stronger in the putamen than in
the caudate nucleus and has an asymmetrical pattern (Fig. 31.2). Most often, DAT
binding is lowest in the contralateral putamen (i.e. the side contralateral to the most
affected side of the body). However, in individual PD patients, the decrease in DAT
binding can be rather symmetrical or even lower on the ipsilateral than on the con-
tralateral side. It has been suggested that this last phenomenon may be particularly
true for PD patients with tremor-dominant features (Isaias et al. 2007). Interestingly,
in many patients with clinically unilateral PD, there is a bilateral loss of putamen
DAT binding (Tissingh et al. 1998; Filippi et al. 2005), which is consistent with
studies in hemi-PD patients using ['*I]B-CIT as a ligand (Marek et al. 1996)
(Fig. 31.2). However, for routine clinical studies, it is important to be aware of the
fact that in some patients with unilateral PD, the loss of DAT binding may be
restricted to one side of the brain (Fig. 31.3).

In early-stage PD patients, using age-corrected data, an approximately 60—-65%
loss of DAT availability can be found in the contralateral putamen (Booij et al. 2001;
Tissingh et al. 1998). Additionally, recent studies have suggested that ['**I]JFP-CIT
SPECT scanning is sensitive enough to detect a loss of striatal DAT binding in the
premotor phase of PD (Iranzo et al. 2010, 2017; Stiasny-Kolster et al. 2005; Doppler
etal. 2017), consistent with findings from earlier ['*I]3-CIT SPECT studies (Berendse
et al. 2001; Ponsen et al. 2004, 2010). Finally, the loss of striatal ['*I]FP-CIT binding
in PD correlates with the degree of rigidity and hypokinesia, but not with the severity
of resting or postural tremor (Spiegel et al. 2007; Isaias et al. 2007).
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Fig.31.3 ['®I|FP-CIT
SPECT scan (3 h after
injection) of an early-stage
PD patient. Note that in
this hemi-parkinsonian
patient (motor signs only
on the right side of the
body), the loss of striatal
binding is restricted to the
contralateral (left) striatum

Although, in most studies in PD, loss of striatal DAT binding does not correlate
with tremor scores (Spiegel et al. 2007; Isaias et al. 2007), it has, however, been
suggested that a widespread degeneration of the nigrostriatal dopaminergic pathway
might still play a role in the aetiology of rest tremor in PD (Isaias et al. 2007).
Interestingly, tremor-dominant PD patients can have significantly lower DAT bind-
ing in the striatum ipsilateral to the rest tremor as compared to akinetic-rigid PD
patients (Isaias et al. 2007). Moreover, in some patients with a strictly unilateral
resting tremor (without bradykinesia and rigidity), reduced DAT binding may be
restricted to the ipsilateral (instead of the contralateral) side of the striatum
(Aguirregomozcorta et al. 2013; Lin and Chang 1997; Spiegel et al. 2007). These
observations may be explained by degeneration/damage of ‘crossed’ dopaminergic
fibres (Aguirregomozcorta et al. 2013).

In some large clinical trials into which patients were enrolled based on a clinical
diagnosis of PD, 11-15% of patients showed no degeneration of the nigrostriatal
pathway. In the ELLDOPA study, 15% of the included PD patients who were
scanned with ['?I]B-CIT SPECT had normal baseline scans (Parkinson study group
2002). Importantly, the follow-up scans remained normal in the patients who were
rescanned 4 year later. These patients have since been referred to as scans without
evidence of dopaminergic deficit (SWEDD; Fahn 2005). Also, a more recent
['**IJFP-CIT SPECT study of 16 SWEDD cases showed that after a mean follow-up
of 5.4 years, repeat DAT imaging was normal in 14 of these cases (87.5%) (Batla
et al. 2014). Recent studies suggest that many of these patients do not suffer from
PD but from other conditions including dystonic tremor, parkinsonism associated
with fragile X mental retardation 1 gene expansions or even non-neurological
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diseases (Bajaj et al. 2010; Hall et al. 2010; Schneider et al. 2007; Sixel-Doring
et al. 2011). These data emphasise the diagnostic power of DAT imaging.

In routine clinical studies, ['*I]FP-CIT SPECT is commonly used in inconclu-
sive cases to differentiate PD from syndromes not characterised by nigrostriatal
loss, for example, essential tremor or drug-induced parkinsonism (DIP) (Booij et al.
2001; Benamer et al. 2000; Marshall and Grosset 2003; Bajaj et al. 2013). In par-
ticular, the differentiation of PD from drug-induced parkinsonism (DIP) may pres-
ent a diagnostic challenge to clinicians. Recent studies have shown that in this
clinical situation, an abnormal ['I]FP-CIT SPECT scan is indicative of an underly-
ing neurodegenerative process as is common in PD (Bovi et al. 2010; Diaz-Corrales
et al. 2010; Kagi et al. 2010; Tinazzi et al. 2009; Lim et al. 2013; Morley et al.
2016). DIP may persist beyond 6-9 months from the time of neuroleptic with-
drawal, as was demonstrated in a recent report on two patients in whom DAT bind-
ing was normal (Lim et al. 2013). Importantly, for an accurate interpretation of
['2IJFP-CIT SPECT studies, it is not necessary to withdraw neuroleptics prior to the
scanning procedure (Booij and Kemp 2008; Booij et al. 2010). Finally, a recent
meta-analysis reported that ['*I]JFP-CIT SPECT may be a useful imaging tool to
differentiate PD from DIP (Brigo et al. 2014).

In summary, these findings suggest that ['**IJFP-CIT SPECT is a sensitive means
to detect a loss of striatal DAT binding in PD. In routine clinical studies, [">*[|FP-CIT
SPECT can be used to differentiate PD from other forms of parkinsonism that are
not characterised by a loss of presynaptic dopaminergic neurons (e.g. essential
tremor, psychogenic parkinsonism or DIP), in particular in clinically uncertain
cases (Booij et al. 2001; Lgkkegaard et al. 2002; Catafau et al. 2004; Cummings
et al. 2011; Kégi et al. 2010; Marshall and Grosset 2003; Marshall et al. 2009;
Kupsch et al. 2012; Bajaj et al. 2013).

31.3.2 ['2I]FP-CIT SPECT Imaging in Multiple System Atrophy
and Progressive Supranuclear Palsy

Multiple system atrophy (MSA) and progressive supranuclear palsy (PSP) are neu-
rodegenerative disorders associated with parkinsonism that are also characterised
neuropathologically by a loss of nigrostriatal cells and consequently a loss of DATs
(Kish et al. 1985; Ruberg et al. 1985; Warren et al. 2007; Gonzalez et al. 2000).
['ZIJFP-CIT SPECT has been used in several studies to demonstrate a loss of
striatal DATs in MSA-P (MSA with predominantly parkinsonian signs) and PSP
versus healthy controls (Antonini et al. 2003; El Fakhri et al. 2006; Plotkin et al.
2005; van Laere et al. 2006; Bae et al. 2016; Kim et al. 2016). Generally speaking,
the results obtained using ['*I]JFP-CIT as a ligand in MSA-P are in line with find-
ings in studies using ['I]B-CIT (Scherfler et al. 2005; Knudsen et al. 2004; Varrone
etal. 2001; Seppi et al. 2006; Joling et al. 2017). In a prospective study, ['**I]FP-CIT
SPECT scanning was sensitive enough to detect MSA-P in the premotor phase
(Iranzo et al. 2010). A subject with rapid eye movement sleep behaviour disorder
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but without parkinsonian signs had an abnormal ['*I]FP-CIT SPECT scan and
developed MSA-P 2.5 years later.

Even in MSA-C (MSA-cerebellar subtype) patients without parkinsonian signs,
a significant loss of striatal DAT binding compared to controls has been demon-
strated using ['ZI]JFP-CIT SPECT (Muiioz et al. 2011). However, in comparison to
patients with PD, MSA-P or PSP patients, the reported decrease in striatal DAT
binding was relatively mild (an average loss of 20% of putamen DAT binding).
Interestingly, the results of this SPECT study suggest that most but not all MSA-C
patients without parkinsonism do have some degree of nigrostriatal dopaminergic
denervation. The observation that a loss of DAT binding does not occur in all
MSA-C cases (Bae et al. 2016; Joling et al. 2017; Vergnet et al. 2019) was con-
firmed by a post-mortem study in an autopsy-proven MSA-C case (Kolenc
etal. 2012).

In most MSA-P and PSP patients, DAT binding in the putamen is lower than
in the caudate nucleus. However, particularly in PSP, some studies suggested a
more uniform loss of DATS in the putamen and caudate nucleus (Antonini et al.
2003), but this could not be reproduced by others (Seppi et al. 2006). Furthermore,
some studies have shown that striatal DAT binding may differentiate MSA and/
or PSP patients from PD patients at a group level (Goebel et al. 2011; Stoffers
et al. 2005; Joling et al. 2017), although this is not a consistent finding in SPECT
studies (Seppi et al. 2006). In any case, there is considerable overlap in striatal
DAT binding values between groups, which suggests that in a routine clinical
setting DAT imaging cannot be used to differentiate PD from MSA-P or PSP in
individual cases (Stoffers et al. 2005). A recent post-mortem study of PD and
MSA-P cases confirmed that the loss of striatal DAT was not significantly differ-
ent between MSA and PD patients and also that the asymmetry of DAT binding
was not significantly different between the two groups of patients (Perju-
Dumbrava et al. 2012).

In summary, the results of the above-discussed studies suggest that ['**I]FP-CIT
SPECT is a sensitive means to detect a loss of striatal DAT in MSA-P and
PSP. However, it is important to emphasise that DAT imaging cannot be used to dif-
ferentiate individual PD patients from MSA-P or PSP patients. Furthermore, striatal
['**I]FP-CIT binding can be normal in some MSA-C patients.

31.3.3 ['2I]FP-CIT SPECT Imaging in Corticobasal Degeneration

Corticobasal degeneration (CBD) is a rare syndrome, also characterised by nigros-
triatal degeneration at autopsy (Oyanagi et al. 2001; Dickson et al. 2002). Indeed,
an ['®IJFP-CT SPECT study that included the largest cohort of patients with a clini-
cal diagnosis of probable CBD showed a loss of striatal DAT binding in 32 out of
the 36 included patients (Cilia et al. 2011). In line with this observation, ['*T]3-CIT
SPECT and other ['*I]FP-CIT SPECT studies in smaller groups of patients have
also shown a loss of striatal DAT binding in CBD (Klaffke et al. 2006; Plotkin et al.
2005; Hammesfahr et al. 2016).



31 Clinical Applications of ['?*I]FP-CIT SPECT Imaging 857

Fig. 31.4 ['*I]p-CIT SPECT scan of a healthy control (A) and a patient suffering from cortico-
basal degeneration (B), as well as an MR image of the same patient (C). The corticobasal degen-
eration has led to an asymmetrical degeneration of the nigrostriatal pathway (B) and a unilateral
atrophy of the brain (C), both contralateral to the body side that showed clinical motor signs
(Reprinted from ‘Bewegingsstoornissen’; editors ECh Wolters and T van Laar, Amsterdam, 2002,
The Netherlands)

Intriguingly, Cilia et al. (2011) demonstrated that the loss of striatal ['**T|FP-CIT
binding in their sample of CBD patients was characterised by a larger variability,
more uniform striatal reduction and a greater asymmetry of binding than in PD
patients. Indeed, DAT SPECT images in some CBD patients may be quite charac-
teristic for CBD (Fig. 31.4), whereas in many other CBD cases the ['**I]FP-CIT
SPECT images may look similar to the images obtained in PD patients. Even of
more interest, in some sporadic autopsy-proven CBD cases an ante-mortem
['ZIFP-CIT SPECT scan showed no evidence of a reduction in striatal DAT bind-
ing (O’Sullivan et al. 2008; Walker et al. 2002). In the study by Cilia et al. (2011),
there were no remarkable differences in clinical or neuropsychological characteris-
tics between CBD subjects with or without abnormal striatal ['**IJFP-CIT binding.
Apparently, extrapyramidal motor symptoms in CBD may not always be associated
with nigrostriatal degeneration and could involve supranigral factors (Cilia
et al. 2011).

For routine clinical studies, it is important to underline that in many, but not all
CBD cases, an ['*I]FP-CIT SPECT scan is abnormal (Hammesfahr et al. 2016). In
some cases, the pattern of striatal DAT loss may even be characteristic for CBD
(Fig. 31.4).

31.3.4 ['2I]FP-CIT SPECT Imaging in Vascular Parkinsonism
and Traumatic Brain Injury

Significant vascular lesions in the striatum or in the substantia nigra pars compacta
can be associated with a loss of striatal [">*I]FP-CIT binding (Marshall and Grosset
2003; Zijlmans et al. 2002; Booij et al. 2018; Fig. 31.5), although initial ['**I]3-CIT



858 J. Booij et al.

Fig.31.5 MRI (susceptibility-weighted imaging) and ['**IJFP-CIT SPECT scan of the brain in a
patient with vascular parkinsonism. The small lesion (hematoma) at the level of the substantia
nigra (left panel) induced the abnormal SPECT scan. Please note that the ['*I]FP-CIT binding is
normal in the right striatum, and abnormal in the posterior part of the left putamen. This pattern is
atypical for Parkinson’s disease since there is no gradual posterior-to-anterior loss of binding
(reprinted from Booij et al. Imago 2018)

SPECT studies suggested that the vast majority of patients suffering from vascular
parkinsonism had a normal ['*I]3-CIT SPECT scan (Gerschlager et al. 2002).

In a hallmark paper by Zijlmans and co-workers (Zijlmans et al. 2007), even
patients fulfilling clinical criteria for vascular parkinsonism and without vascular
lesions in the striatum could have an abnormal ['>I]JFP-CIT SPECT scan, with bilat-
eral loss of DAT binding, particularly in the putamen. A ['*I]FP-CIT SPECT study
in a large cohort of PD patients and patients with vascular parkinsonism confirmed
these findings and showed that around 60-70% of SPECT scans were abnormal in
vascular parkinsonism (Benitez-Rivero et al. 2013). Importantly, scores based on
visual pattern recognition discriminated better between PD and vascular parkinson-
ism cases than semi-quantitative scores based on the positioning of regions of inter-
est. Lastly, in another ['*I]JFP-CIT SPECT study in PD patients and patients with
vascular parkinsonism, a significant number of patients with vascular lesions in the
basal ganglia had a normal SPECT scan, which indicates that vascular lesions in the
basal ganglia do not always cause abnormal striatal DAT binding (Antonini et al.
2012). In the same study, a normal ['?I]FP-CIT SPECT scan was associated with a
lack of benefit from dopaminomimetic treatment in over 90% of these subjects
(Antonini et al. 2012). Finally, a recent meta-analysis concluded that ['*T]FP-CIT
SPECT may be a useful imaging tool to differentiate PD from vascular parkinson-
ism (Brigo et al. 2014).

All in all, a substantial number of patients with vascular parkinsonism have an
abnormal ['*T]FP-CIT SPECT. Frequently, it is possible to differentiate vascular
parkinsonism from PD using ['*I]FP-CIT SPECT. To do so, it may be of utmost
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importance to perform an careful visual inspection of the SPECT images (including
structural images), and to recognise patterns of striatal DAT loss which are atypical
for PD, but could support the diagnosis of vascular parkinsonism.

A recent study examined the effects of traumatic brain injury (TBI) on DAT
binding (Jenkins et al. 2018). Forty-two moderate-severe TBI patients with cogni-
tive impairments but without motor parkinsonism were examined. Around 20% of
these patients had evidence of reduced DAT binding in the striatum as measured
with ['2*I]FP-CIT SPECT. Importantly, the caudate nucleus was affected more con-
sistently than other striatal regions. Also, 11 patients had small, but visible, lesions
in the striatum demonstrated by magnetic resonance imaging. Importantly, patients
with lesions in these structures did not have different striatal DAT binding ratios
compared to patients without lesions. These findings suggest that in the majority of
patients with moderate/severe TBI, but without parkinsonism, the ["*[]FP-CIT
SPECT scan is normal; in patients in whom such scans are rated as abnormal, the
pattern of DAT loss may differ from what is typical for PD; and small lesions in the
striatum may not influence significantly DAT loss as assessed by ['**I]JFP-CIT SPECT.

In an older study, a severe reduction in striatal DAT binding, as measured by
['*]B-CIT SPECT, was observed in a group of ten patients who were in a vegetative
state or had persistent parkinsonism (Donnemiller et al. 2000).

31.3.5 ['2I]FP-CIT SPECT Imaging in DLB

Like other diseases characterised by Lewy body pathology (i.e. PD), also demen-
tia with Lewy bodies (DLB) is associated with a loss of dopamine neurons and
striatal DATs (Perry et al. 1998). By contrast, the loss of striatal DATs appears to
be only subtle in patients suffering from Alzheimer’s disease (Perry et al. 1998).
In line with these autopsy findings, hallmark studies by Walker and colleagues
demonstrated that ante-mortem DAT imaging with ['*IJFP-CIT SPECT substan-
tially enhanced the accuracy of a diagnosis of DLB by comparison with clinical
criteria alone (Walker et al. 2002, 2007). Many subsequent ['>*I]FP-CIT SPECT
studies confirmed the loss of striatal DATs in DLB (Auning et al. 2011; McKeith
etal. 2007; Morgan et al. 2012; Roselli et al. 2009; van Laere et al. 2006; O’Brien
et al. 2004; Siepel et al. 2013, 2016; Thomas et al. 2017; Jung et al. 2018).
['*I]FP-CIT SPECT may even detect a loss of striatal DAT binding in the pre-
clinical phase of DLB (Iranzo et al. 2010; Thomas et al. 2019). Importantly, the
results of ['*’IJFP-CIT SPECT imaging may predict which patients with a clinical
diagnosis of possible DLB will convert to probable DLB or to Alzheimer’s dis-
ease (O’Brien et al. 2009). Finally, a meta-analysis indicated that the diagnostic
accuracy of ['*IJFP-CIT SPECT in the diagnosis of DLB is high (Papathanasiou
et al. 2012).

In most DLB patients, loss of striatal DAT binding is stronger in the putamen
than in the caudate nucleus. Also, the loss of striatal DAT binding can be asymmetri-
cal. However, in line with autopsy findings (Perry et al. 1998), the loss of striatal
['**I]FP-CIT binding can also be symmetrical with a relatively strong involvement
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Fig.31.6 ['*I|FP-CIT
SPECT scan obtained (3 h
after injection) in a DLB
patient. Note that due to
the strong reduction in
specific binding of
['53[)FP-CIT in the
striatum, the contrast
between specific and
non-specific binding is low.
Also, the loss of binding is
relatively symmetrical and
involves both the caudate
nucleus and putamen

of the caudate nucleus as compared to PD cases (Walker et al. 2004; Joling et al.
2018) (Fig. 31.6).

Although ['ZIJFP-CIT SPECT appears to be very sensitive in differentiating
between DLB and Alzheimer’s disease, the role in the differential diagnosis between
PD with dementia (PDD), frontotemporal dementia and DLB is probably limited,
since a recent study showed that a third of frontotemporal dementia cases had an
abnormal ['?I]FP-CIT SPECT scan (Morgan et al. 2012). Similarly, although at a
group level loss of striatal DATs may be greater in PDD than DLB, the abnormali-
ties on individual ['*I]FP-CIT SPECT scans (i.e. lower DAT binding in the putamen
than caudate nucleus) in PDD may be similar to the abnormalities observed in DLB
(O’Brien et al. 2004; Colloby et al. 2012).

Importantly, an autopsy study in DLB, PDD and Alzheimer’s cases showed that
ante-mortem DAT imaging was associated with post-mortem nigral dopaminergic
neuronal density (but not a-synuclein, tau or amyloid burden) in demented patients
(Colloby et al. 2012). This observation may cast doubt on the potential of DAT
imaging to differentiate DLB patients without parkinsonism from Alzheimer’s dis-
ease cases. Nevertheless, most DLB patients without parkinsonism have abnormal
DAT SPECT scans (O’Brien et al. 2004; McKeith et al. 2007). On the other hand,
Alzheimer’s disease patients with parkinsonism may have normal scans (McKeith
et al. 2007; Ceravolo et al. 2004).

The results of recent studies suggest that in a subgroup of probable DLB patients
the ['2I]JFP-CIT SPECT scan may be rated as normal initially, but becomes abnor-
mal over time (Colloby et al. 2012; van der Zande et al. 2016; Thomas et al. 2017).
This subgroup may consist of approximately 10% of DLB cases (van der Zande
et al. 2016; Thomas et al. 2017), and the concept is that in these patients the Lewy
bodies are expressed predominantly in the cortex, with initially only minimal
involvement of the brainstem.
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To summarise, there is evidence that ['Z*I]JFP-CIT SPECT is helpful in differen-
tiating DLB from Alzheimer’s disease, but its role in differentiating DLB from fron-
totemporal dementia may be limited.

31.4 Methods to Analyse ['2I]FP-CIT SPECT Studies
in Routine Clinical Practice

In routine clinical practice, many departments of nuclear medicine evaluate
['**IJFP-CIT SPECT scans by visual inspection only. Major reasons are a lack of
age-matched control data and the fact that it is a simple way to analyse images.
Although a visual qualitative analysis may seem inaccurate, this approach can in
fact be very effective in excluding or confirming a loss of striatal DATs (Benamer
et al. 2000; O’Brien et al. 2004; McKeith et al. 2007; Booij et al. 2017). An impor-
tant advantage of visual analysis over a quantitative approach is that an abnormal
pattern can be recognised rapidly. A recent study showed that a visual analysis
approach was even more accurate in differentiating vascular parkinsonism from PD
than a semi-quantitative approach (Benitez-Rivero et al. 2013). In addition, another
large study on the diagnostic performance of ['*I]JFP-CIT SPECT in patients with
movement disorders or dementia showed that the results of combined reading
(visual reading plus quantitative ['*IJFP-CIT SPECT data available to the reader)
were not inferior to the results of the visual reading analysis, but the combined read-
ing offered an increase in reader confidence (Booij et al. 2017). Moreover, the visual
interpretation of ['*IJFP-CIT SPECT images can be further improved by visual
rating of parametric distribution volume ratio images (Meyer et al. 2011). However,
a visual analysis of ['*I]JFP-CIT SPECT images may be less accurate in patients in
which the degeneration is quite symmetrical and the involvement of the caudate
nucleus and putamen more uniform. This type of pattern has been described in some
DLB, PSP and MSA-C patients.

Even though visual assessment of ['*IJFP-CIT SPECT images remains an inte-
gral part of the study report, it is nowadays frequently supplemented by a quantifica-
tion method (Tatsch and Poepperl 2012; Badiavas et al. 2011). Quantification does
not only offer a more objective adjunct to an individual subjective judgement but
also has the potential to detect subtle changes that can elude the human eye (Tatsch
and Poepperl 2012) and may increase the reader confidence (Booij et al. 2017) and
consistency between reporters (Taylor et al. 2018). In routine clinical DAT SPECT
studies, semi-quantitative techniques using ROIs are commonly used due to their
simplicity. Striatal ROIs were initially defined by manually drawing an irregular
contour around the caudate nucleus and putamen and around a region devoid of
DATS (occipital cortex or cerebellum). However, this method is strongly influenced
by the intensity of striatal DAT binding. In other words, if there is decreased striatal
['ZI]FP-CIT binding (e.g. in a PD case), the reader tends to draw smaller ROIs over
striatal regions than in cases with more intense striatal ['*IJFP-CIT binding.
Therefore, fixed (or predefined) ROIs are now used more frequently. These ROIs are
derived from anatomical atlases or MR images and have led to a better
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standardisation. However, this technique is still investigator dependent and does not
take into account interindividual differences in striatal volumes. From this perspec-
tive, it is of interest that several (semi)automated quantification tools have been
developed and several methods have been proposed to quantify DAT studies by
(semi)automated positioning of ROIs or volumes of interest (VOIs) (Badiavas et al.
2011; Habraken et al. 1999). Examples are BasGan (Calvini et al. 2007), BRASS
(Radau et al. 2000) and DaTQUANT (Brogley 2019) (for a comprehensive review,
see Tatsch and Poepperl 2012). Voxel-based analysis, for example, using statistical
parametric mapping (SPM), has also been used to analyse ['*I]JFP-CIT SPECT
studies (Kas et al. 2007; van de Giessen et al. 2013). Automated voxel-based image
analyses may increase the diagnostic accuracy of DAT imaging in differentiating
between PD and other parkinsonian syndromes (Goebel et al. 2011). Finally, in
recent years, machine learning paradigms have been developed and evaluated suc-
cessfully to classify ['**I]JFP-CIT SPECT studies (Taylor and Fenner 2017; Taylor
et al. 2018; Iwabuchi et al. 2019). However, future studies are needed to evaluate the
feasibility of voxel-based techniques as well as machine learning paradigms in rou-
tine clinical practice.

As mentioned before, for an optimal interpretation of ['2I]FP-CIT SPECT
images, ageing effects should be taken into account, and gender effects may be
relevant in younger subjects. However, it may be difficult for departments of nuclear
medicine to acquire ['*IJFP-CIT SPECT data in healthy controls and to build their
own control database. The Neuroimaging Committee of the EANM understood this
problem and decided to initiate a programme to overcome it by setting up an
investigator-initiated multicentre trial using EARL (EANM Research Ltd) as a plat-
form (Tatsch 2012). This initiative resulted in a highly standardised European data-
base which is available to allow correction of quantitative DAT binding for age and
gender, mostly independent of the equipment used and the centre performing the
scan (Dickson et al. 2012; Tatsch 2012; Varrone et al. 2013).

For an optimal interpretation of ['*[]FP-CIT SPECT images, it is important to
take into account the potential effects of the medication used on ['2*I]FP-CIT bind-
ing to the DAT (for a review see Booij and Kemp 2008). Luckily, most dopaminer-
gic drugs that are commonly used by patients suffering from parkinsonian or
dementia syndromes (e.g. levodopa, dopamine agonists or acetylcholinesterase
inhibitors) will not significantly influence ['*I]JFP-CIT binding to the DAT and
therefore do not have to be discontinued prior to routine ['*I]JFP-CIT SPECT stud-
ies (Booij and Kemp 2008). On the other hand, selective serotonin reuptake inhibi-
tors may increase striatal ['*[JFP-CIT binding ratios.

31.5 Extrastriatal ['2I]FP-CIT Binding

In vitro experiments have shown that ['*I]JFP-CIT has a high affinity for the DAT
(low nanomolar range), a moderate affinity for the serotonin transporter (SERT) and
a negligible affinity for the norepinephrine transporter (Abi-Dargham et al. 1996;
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Scheffel et al. 1997). It is well accepted that striatal ['*I]JFP-CIT binding predomi-
nantly reflects binding to the DAT (Booij et al. 1997a; Andringa et al. 2005).

In recent years, extrastriatal ['**I]JFP-CIT binding has gained attention (Booij
et al. 2007; Eusebio et al. 2012; Hesse et al. 2009; Koopman et al. 2012; Roselli
et al. 2010; Kaasinen et al. 2015; Joling et al. 2017, 2018; Joutsa et al. 2015). For
example, ['"**I]JFP-CIT binding in the SERT-rich midbrain and diencephalon can be
blocked with a selective serotonin reuptake inhibitor (SSRI) in healthy volunteers
(Booij et al. 2007). In addition to the severe loss of striatal ['>*I]FP-CIT binding,
there is significantly lower midbrain ['**I]JFP-CIT binding in DLB and PSP com-
pared to PD patients (Roselli et al. 2010), and lower hypothalamic binding in PSP
and MSA-p than in PD (Joling et al. 2017). Future studies will have to determine
whether analysis of extrastriatal ['*I]FP-CIT binding is helpful in routine clinical
studies.

31.6 Concluding Remarks

['ZI]FP-CIT SPECT is a very sensitive means to detect a loss of striatal DAT bind-
ing. This tool is particularly helpful in uncertain clinical cases with slight parkinso-
nian features, as well as in the differential diagnosis between syndromes characterised
by nigrostriatal neuronal loss (e.g. PD or DLB) and syndromes in which the nigros-
triatal system is spared (e.g. essential tremor or Alzheimer’s disease).
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