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Abstract
Introduction  Dopaminergic scintigraphic imaging is a cornerstone to support the diagnosis in dementia with Lewy bodies. 
To clarify the current state of knowledge on this imaging modality and its impact on clinical diagnosis, we performed an 
updated systematic review of the literature.
Methods  This systematic review was carried out according to PRISMA guidelines. A comprehensive computer literature 
search of PubMed/MEDLINE, EMBASE, and Cochrane Library databases for studies published through June 2022 was 
performed using the following search algorithm: (a) "Lewy body" [TI] OR "Lewy bodies" [TI] and (b) ("DaTscan" OR 
"ioflupane" OR "123ip" OR "123?ip" OR "123 ip" OR "123i-FP-CIT" OR "FPCIT" OR "FP-CIT" OR "beta?CIT" OR "beta 
CIT" OR "CIT?SPECT" OR "CIT SPECT" OR "Dat?scan*" OR "dat scan*" OR "dat?spect*" OR "SPECT"). Risk of bias 
and applicability concerns of the studies were evaluated using the QUADAS-2 tool.
Results  We performed a qualitative analysis of 59 studies. Of the 59 studies, 19 (32%) addressed the diagnostic performance 
of dopamine transporter imaging, 15 (25%) assessed the identification of dementia with Lewy bodies in the spectrum of 
Lewy body disease and 18 (31%) investigated the role of functional dopaminergic imaging in distinguishing dementia with 
Lewy bodies from other dementias. Dopamine transporter loss was correlated with clinical outcomes in 19 studies (32%) 
and with other functional imaging modalities in 15 studies (25%). Heterogeneous technical aspects were found among the 
studies through the use of various radioligands, the more prevalent being the [123I]N‑ω‑fluoropropyl‑2β‑carbomethoxy‑3β
‑(4‑iodophenyl) nortropane (123I-FP-CIT) in 54 studies (91.5%). Image analysis used visual analysis (9 studies, 15%), semi-
quantitative analysis (29 studies, 49%), or a combination of both (16 studies, 27%).
Conclusion  Our systematic review confirms the major role of dopaminergic scintigraphic imaging in the assessment of 
dementia with Lewy bodies. Early diagnosis could be facilitated by identifying the prodromes of dementia with Lewy bodies 
using dopaminergic scintigraphic imaging coupled with emphasis on clinical neuropsychiatric symptoms. Most published 
studies use a semi-quantitative analytical assessment of tracer uptake, while there are no studies using quantitative analytical 
methods to measure dopamine transporter loss. The superiority of a purely quantitative approach to assess dopaminergic 
transmission more accurately needs to be further clarified.

Keywords  Dopaminergic imaging · DATscan · 123-FP-CIT · Dementia with Lewy bodies · DLB

Introduction

Dementia with Lewy bodies (DLB) is the second most fre-
quent type of neurodegenerative dementia after Alzheimer’s 
disease (AD), comprising 15–25% of all dementias [1]. Neu-
ropathological findings in patients with DLB show Lewy 
bodies and Lewy neurites that are positive for α-synuclein 
immunohistochemical staining, as well as neuronal 
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degeneration in the neocortex, limbic system and brainstem 
[2]. Although a clear-cut distinction between the entities of 
the “Lewy body disease (LBD) spectrum” (dementia with 
Lewy bodies, idiopathic Parkinson’s disease (PD) and PD 
with dementia) is not always easy, diagnosis of DLB is 
made clinically through the identification of core clinical 
features. These include fluctuations of attention and cogni-
tive impairment, visual hallucinations, rapid eye-movement 
(REM) sleep behavior disorder (RBD), and parkinsonism. 
Reduced dopamine transporter uptake in the basal ganglia 
shown by single-positron emission computed tomography 
(SPECT) is included as an indicative biomarker in the fourth 
and latest consensus on the diagnosis of Lewy body demen-
tia [3]. Dopamine transporter (DAT) imaging is performed 
using specific radioligands. One such ligand is [123I]N‑ω‑
fluoropropyl‑2β‑carbomethoxy‑3β‑(4‑iodophenyl) nortro-
pane (123I-FP-CIT), a cocaine analogue that specifically 
binds to presynaptic DATs in the central nervous system, 
thus identifying the location and concentration of dopamine 
transporters in the synapses of dopamine-secreting neurons 
of the corpus striatum in the central nervous system. This 
allows imaging of the nigrostriatal pathway denervation 
that occurs in DLB. Other radiotracers can also be used [4]. 
Clinically, DLB can be difficult to differentiate from other 
forms of dementia. Furthermore, it is of paramount clini-
cal importance to differentiate DLB from other etiologies 
as the subsequent clinical and therapeutical management of 
patients varies, especially to avoid any inappropriate use of 
neuroleptics in DLB patients [5]. The course of the disease 
is also different, as life expectancy is shorter in DLB. Lit-
erature covering these topics lack homogeneity.

A systematic review and a Bayesian latent class model 
(LCM) meta-analysis on the diagnostic accuracy of both 
DAT SPECT imaging as well as metaiodobenzylguanidine 
(MIBG) myocardial scintigraphy in DLB diagnosis has been 
published previously [6]. However, there were several limi-
tations, as the literature was only reviewed up to the year 
2018 and the number of analyzed studies was small (n = 27), 
out of which less than a third used the new criteria of DLB 
published in 2017 [3]. In the present systematic literature 
review, we present an updated analysis of dopaminergic 
transporter imaging in the diagnosis of DLB.

Methods

This study was carried out according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines, which describe an evidence-based 
minimum set of items for reporting in systematic reviews 
and meta-analyses [7]. A predefined protocol was created 
by the authors (without registration).

Search strategy

Two authors (MJ and GKK) performed a comprehensive com-
puter literature search of the PubMed/MEDLINE, EMBASE 
and Cochrane Library databases to identify relevant retrospec-
tive or prospective published studies on the diagnostic perfor-
mance of functional dopaminergic scintigraphy in the diagno-
sis of Lewy body dementia. The search algorithm used was 
based on a combination of terms, as follows: (a) "Lewy body" 
[TI] OR "Lewy bodies" [TI] and (b) ("DaTscan" OR "iof-
lupane" OR "123ip" OR "123?ip" OR "123 ip" OR "123i-FP-
CIT" OR "FPCIT" OR "FP-CIT" OR "beta?CIT" OR "beta 
CIT" OR "CIT?SPECT" OR "CIT SPECT" OR "Dat?scan*" 
OR "dat scan*" OR "dat?spect*" OR "SPECT"). The search 
was updated through June 2022. No language restriction was 
applied. To expand the search, references of the retrieved arti-
cles were also screened for additional studies.

Study selection

Studies or subsets of studies investigating the diagnostic 
performance of functional dopaminergic scintigraphy in 
the evaluation of patients with Dementia with Lewy bodies 
(DLB) were eligible for inclusion in the qualitative analysis 
(systematic review).

The exclusion criteria were as follows: (a) articles not 
within the field of interest of this review, such as those with 
outcomes unrelated to dopaminergic scintigraphic imaging 
for diagnosis of DLB (e.g., use of brain perfusion SPECT or 
PET or myocardial scintigraphy alone); (b) review articles, 
editorials or letters, comments, conference proceedings; (c) 
case reports or small case series (< 5 patients).

Two researchers (MJ and GKK) independently reviewed 
the titles and abstracts of the retrieved articles, applying 
the inclusion and exclusion criteria mentioned above. Arti-
cles were rejected if they were clearly ineligible. The same 
two researchers then independently reviewed the full-text 
versions of the remaining articles to determine their eli-
gibility for inclusion. Disagreements were resolved in a 
consensus meeting.

Data extraction

Two researchers independently performed the data extrac-
tion. For each potentially eligible study, information was 
collected concerning basic study characteristics (authors, 
year of publication, country of origin, study design), patient 
characteristics (type and number of patients, mean age, sex 
ratio) and technical aspects (radiotracer used, hybrid imag-
ing modality, mean injected activity, time interval between 
radiotracer injection and image acquisition, image analysis). 
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Finally, information about the main outcome of this sys-
tematic review (diagnostic performance of dopaminergic 
scintigraphic imaging) was collected. Diagnostic perfor-
mance was assessed according to clinical confirmation of 
DLB diagnosis as well as post-mortem neuropathological 
studies, the latter being rarely systematically documented. 
Differences between basic study characteristics, technical 
aspects and outcomes were reported and were analyzed.

Quality assessment

The overall quality of the studies included in the system-
atic review was critically appraised based on the revised 
Quality Assessment of Diagnostic Accuracy Studies tool 
(QUADAS-2) [8]. This tool comprises four domains: patient 
selection, index test, reference standard, and flow and tim-
ing. Three independent reviewers (MJ, GKK, JP) assessed 
each domain in terms of risk of bias (i.e., selection bias, as 
well as biases concerning the index test, reference stand-
ard and timing of studies), and the first three domains were 
also assessed in terms of concerns regarding applicability 
[8] (Table 1 and Fig. 1).

Results

Literature search

A comprehensive computer literature search of the Pub-
Med/MEDLINE, EMBASE and Cochrane Library data-
bases revealed 218 peer-reviewed articles. Upon review of 
titles and abstracts, 153 articles were excluded, as follows: 
79 were not in the field of interest of this review, 44 were 
reviews, editorials or letters, and 30 were case reports 
or small case series (< 5 patients). 59 were selected and 
retrieved in full-text version [3–61]. No additional studies 
were found by screening the references of these articles 
(Fig. 2).

Finally, 59 articles including data on the diagnostic 
performance of functional dopaminergic scintigraphic 
imaging in the diagnosis of dementia with Lewy bodies 
(DLB) dementia were eligible for the qualitative analysis 
(systematic review) [3–61]. The characteristics of the stud-
ies included in the systematic review are summarized in 
Tables 2 and 3.

Qualitative analysis (systematic review)

Basic study and patient characteristics

Using the database search, 59 full-text articles reporting 
on the diagnostic performance of functional dopaminergic 

scintigraphic imaging in the diagnosis of Lewy body demen-
tia were selected (Supplementary Table 1) [9–68].

All 59 selected articles were published within the last 
21 years (32 were published since 2017 with the new DLB 
criteria). Several countries from Europe, North America 
and Asia were represented. 46% (27/59) of the studies were 
retrospective and 42% (25/59) were prospective. (< 1% 
Case–control/cohort n = 4, cross-sectional n = 4). Most 
(81%) of the articles were single-center studies (48/59).

In 17 out of 59 studies, functional dopaminergic scinti-
graphic imaging was investigated as the single imaging modal-
ity in patients with DLB, whereas in the remaining studies, 
functional dopaminergic scintigraphic imaging was performed 
in addition to 18F-FDG PET (n = 6) [9–14], ß-Amyloid PET 
(n = 1) [15], metaiodobenzylguanidine myocardial scintigraphy 
(MIBG) (n = 9) [16–24], brain perfusion SPECT imaging with 
99mtechnetium-exametazime (n = 1) [25], 99mtechnetium-ethyl 
cysteinate dimer (n = 1) [17], and N-isopropylp-[123I] iodoam-
phetamine (n = 1) [26], 44% (n = 26) of the studies included 
patients with LBD only, while a mixed patient population with 
different types of dementia were included in the rest of the stud-
ies, in particular Alzheimer’s disease (AD) (n = 33), frontotem-
poral dementia (FTD) (n = 8), corticobasal syndrome (CBS) 
(n = 4), multi-system atrophy (MSA) (n = 2), progressive supra-
nuclear palsy (PSP) (n = 2), Creutzfeldt-Jakob disease (CJD) 
(n = 1), vascular dementia (VD) (n = 3), vascular parkinsonism 
(VP) (n = 2), and normal pressure hydrocephalus (NPH) (n = 1).

Only a few studies (n = 31) reported disease duration [9, 
10, 12–14, 18, 21, 22, 25, 27–48].

The mean patient age was 74 years and ranged from 64 to 
82 years. The mean percentage of male patients was approxi-
mately 60%.

The diagnostic performance of dopamine transporter imag-
ing in the assessment of nigrostriatal function loss was inves-
tigated in 19 studies (32%) in patients with DLB [17, 19, 20, 
22, 23, 27, 35–37, 45, 49–57], while the differentiation of DLB 
from other entities in the Lewy body disease spectrum (DLB, 
PD, PDD) was assessed in 15 studies (25%) [18, 24, 26, 27, 29, 
30, 35, 37–39, 43, 47, 53, 58, 59]. The correlation of dopamine 
transporter imaging to clinical phenotypes, core symptoms and 
clinical scores in DLB was addressed in 19 studies (32%) [11, 
14–16, 18, 32, 33, 35, 40, 41, 44, 48, 58, 60–65]. Other stud-
ies compared the outcome of functional dopaminergic scinti-
graphic imaging to perfusion SPECT (rCBF) or 18F-FDG PET/
CT (n = 8) [9, 10, 12, 13, 17, 25, 26, 49] or MIBG myocardial 
scintigraphy (n = 7) [17, 20–24, 54]. A total of 31% (n = 18) 
of the studies investigated the role of functional dopaminergic 
scintigraphic imaging in differentiating DLB from other types 
of dementia [12, 13, 21–23, 31, 34, 35, 37, 42, 42, 43, 49, 54, 
59, 62, 66, 67]. The comparison of striatal dopamine receptor 
binding with extrastriatal serotonin transporter binding was the 
subject of 4 studies only (7%) [29, 30, 38, 46].
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Technical aspects

Heterogeneous technical aspects were found among the 
included studies (Table 2). The radiotracer used was [123I]
N‑ω‑fluoropropyl‑2β‑carbomethoxy‑3β‑(4‑iodophenyl) 
nortropane (123I-FP-CIT) in 54 studies (91.5%) [all oth-
ers], 2 beta-carboxymethoxy-3 beta-(4-iodophenyl)tropane 
(123I-ß-CIT) in 2 studies (3.4%) [12, 39], 123I-N-(3-iodo-
prop-2E-enyl)-2-b-carbomethoxy-3b-(4-methylphenyl) 
nortropane (123I-PE2I) in one study (1.7%) [48], and Tech-
netium-99 m labeled tropane derivative (99mTc-TRODAT-1) 
in 2 studies (3.4%) [9, 60]. The hybrid imaging modality was 
SPECT/CT was used in 20 studies [9–11, 14, 15, 17, 19, 
20, 22, 26, 29–31, 33, 35, 37, 52, 54, 58, 60], while SPECT 
alone was used in 29 studies [16, 18, 23–25, 34, 37–45, 
47–51, 55, 56, 62–66, 68] and the combination of SPECT 
and MRI was used in 11 studies [13, 27–30, 32, 46, 53, 57, 
60, 61]. The reported mean injected activity of radiolabelled 
123I-FP-CIT ranged from 110 to 210 MBq (in absolute val-
ues). The time interval between radiotracer injection and 
image acquisition varied among studies, ranging from 2 to 
6 h after injection. The duration of acquisition of images 
also varied among studies for FP-CIT, ranging from 24 to 

60 min. Some studies (n = 27) did not report one or more of 
the aforementioned technical aspects.

Image analysis was performed using visual analysis in 9 
studies (15%), semi-quantitative analysis 29 studies (49%) 
and a combination of semi-quantitative and visual analy-
sis in 16 studies (27%) (Table 2). Briefly, semi-quantitative 
analysis is the quantification of specific binding ratios using 
the occipital lobe for intensity normalization from off-target 
binding of the radiotracer.

Main findings

DLB versus other dementia and LBD spectrum

The clinical differentiation of DLB from other forms of 
dementia like AD can be challenging, as clinical features 
may overlap and co-pathologies often occur [69, 70]. Mul-
tiple studies confirm that dopaminergic imaging can help 
distinguish DLB from AD [13, 21, 22, 35–37, 49, 59, 66].

DLB versus AD  Dopamine transport (DAT) imaging can 
help distinguish DLB from AD in vivo through the measure 
of specific binding ratios (SBRs) of the radioligand. The 

Fig. 1   QUADAS-2 graphical 
results
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specific (i.e., bilateral caudate nuclei, putamen) to non-spe-
cific (i.e., occipital cortex) FP-CIT binding ratio in DLB 
patients is lower than in AD patients [49]. Uptake of FP-
CIT in the putamen is significantly lower in patients with 
DLB compared to those with AD, and discordant cases 
(i.e., AD patients with very low putamen uptake) exist but 
often show mixed LB and AD pathologies in post-mortem 
neuropathological confirmation studies [13]. Compared to 
patients with AD, patients with DLB have reduced FP-CIT 
binding on all levels of the striatum, i.e., caudate nucleus, 
anterior and posterior putamen [36]. With regards to later-
ality, when analyzed using the mean right and left SBRs, 
FP-CIT uptake is markedly lower in patients with DLB as 
compared to patients with AD [21].

In addition to distinguishing DLB from AD, DAT SPECT 
imaging also allows the distinction of DLB from amnestic mild 
cognitive impairment, considered by some as a prodromal stage 
of AD with an accuracy of 88% [31]. Further, some authors 
provide evidence for distinguishing mild cognitive impairment 
associated DLB from that associated with AD [54, 62]

DLB versus FTD  Frontotemporal degeneration (FTD) can be 
difficult to distinguish from DLB by visual rating of FP-CIT 

alone [34]. However, semi-quantitative assessment of the 
putaminal binding and the binding ratio of FP-CIT, as well 
as the combination of these two parameters provides high 
accuracy to distinguish DLB from FTD (AUC 0.92, 0.91 
and 0.97 respectively) [42]. Tiraboschi et al. recognize the 
possibility to rule out dementia subtypes like FTD and pro-
gressive supranuclear palsy (PSP) using DAT imaging as 
well as MIBG myocardial scintigraphy. They recognized in 
all such patients that striatal FP-CIT uptake was reduced, 
whereas uptake of 123I-MIBG was normal [23].

DLB versus PSP  In accordance with previous knowledge in 
the literature,  PSP has a markedly decreased striatal DAT 
and a uniform involvement in the caudate and putamen [71, 
72], but this is when comparing PSP to PD and MSA, not 
DLB, and is thus outside the scope of our systematic review.

DLB versus PD and PDD  There are considerable clinical and 
pathological similarities between dementia with Lewy bod-
ies (DLB) and idiopathic Parkinson’s disease (PD). How-
ever, dopaminergic SPECT imaging may identify differences 
in patterns of dopaminergic deficit between each entity. For 
instance, Walker et al. showed that DLB patients have lower 

Fig. 2   Flow chart of the 
search for eligible studies on 
the diagnostic performance 
of radiolabelled 123I-FP-CIT 
SPECT in detecting dopaminer-
gic denervation in patients with 
Lewy body dementia
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FP-CIT binding in the caudate nucleus than PD patients, and 
that PD patients have a greater asymmetry of uptake in the 
posterior putamen, confirming a selective pattern of dopa-
minergic degeneration in both entities (i.e., degeneration of 
ventrolateral nigral neurons in PD) [47].

Parkinson’s disease with dementia (PDD) shares very 
similar clinical and cognitive features with DLB. Colloby 

et al. performed serial FP-CIT SPECT studies, which found 
similar rates of dopaminergic loss in DLB, PD and PDD [27].

With regards to DLB versus PD, Ransmayr et al. found 
that DLB presented with more severe loss of dopaminer-
gic transporter function than PD [39].

FP-CIT SPECT has a low specificity in differentiating PD 
and DLB from other degenerative parkinsonian syndromes, 

Fig. 3   Venn diagram of selected studies according to their main outcomes (color-coded for overlapping studies)
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i.e., atypical parkinsonian syndromes like multisystem atro-
phy (MSA), corticobasal degeneration (CBD) and progres-
sive supranuclear palsy (PSP), as they all demonstrate stri-
atal dopaminergic deficits [24]. In a prospective analysis, 
Nicastro et al. confirmed this as visual and semi-quantitative 
assessment of FP-CIT SPECT is normal in only a negligi-
ble proportion of patients with DLB and other degenerative 
parkinsonian syndromes [35].

Correlation of DAT imaging with clinical presentations & 
scores

Dopaminergic imaging and parkinsonism  The association 
between parkinsonian symptoms (i.e., extra-pyramidal motor 
symptoms like rigidity, brady-/akinesia) and FP-CIT uptake 
has been studied but results are controversial: some authors 
[48] found no significant difference between striatal dopa-
mine transport availability and severity of motor parkinson-
ism measured by the Hoehn and Yahr score in DLB patients, 
whereas others like Siepel et al. did [41].

Chiu et al. demonstrated that a motor dysfunction ques-
tionnaire (MDQ) used to distinguish characteristic parkin-
sonian features of DLB patients positively correlates with 
the Unified Parkinson Disease Rating Scale motor scale 
(UPDRS-m) as well as with dopamine transporter imag-
ing [60]. A composite scale of MDQ and visual rating of 
DaTscans is more accurate to distinguish DLB from AD or 
healthy controls than DaTscan or the MDQ questionnaire 
alone (see Table 3). The UPDRS-m also inversely correlates 
with FP-CIT uptake in the caudate and the putamen, and 
patients with even mild extra-pyramidal symptoms had simi-
larly less abnormal FP-CIT uptake than those with severe 
parkinsonism [61]. Nicastro et al. showed that patients with 
DLB with parkinsonism features had more pronounced dys-
function of putaminal uptake versus a diffuse pattern and 
higher uptake values in patients with DLB and without par-
kinsonism features [35].

In summary, despite the initial ambivalence in the litera-
ture, these data show that dopaminergic scintigraphic imag-
ing can correlate with the presence and severity of motor 
parkinsonism in DLB patients, even at early stages of symp-
toms, when used in combination of clinical scores and ques-
tionnaires. More importantly, parkinsonism in DLB can be 
highlighted through specific patterns of radiotracer uptake.

Prodromal DLB  Mild cognitive impairment (MCI) with one 
or more core features of DLB (fluctuations of attention and 
cognitive impairment, visual hallucinations, rapid eye-move-
ment (REM) sleep behavior disorder (RBD), and parkinson-
ism) corresponds to the prodromal phase of DLB that may 
be present several years before a clinical diagnosis, referred 
as MCI with Lewy bodies (MCI-LB) [68]. A prospective 

longitudinal case study carried out over 2 to 5 years by 
Siepel et al. showed that visually assessed FP-CIT SPECT 
detects patients with DLB before they develop the complete 
clinical syndrome, and that the frequency and severity of 
parkinsonism and cognitive fluctuations increased during 
the follow-up period [65]. Other research criteria for prodro-
mal DLB include psychiatric-onset DLB and delirium-onset 
DLB, but these entities have not been extensively studied 
with regards to dopaminergic imaging and are not included 
in the scope of this review [73].

Neuropsychiatric symptoms (cognition, awareness and hal-
lucinations)  Neuropsychiatric presentation of patients is a 
key feature in dementia with Lewy bodies. Visual hallucina-
tions are the psychiatric symptoms that are included among 
the core clinical features of DLB, but other neuropsychiatric 
features are now considered as supportive features, such as 
non-visual hallucinations such as presence hallucinations, 
delusions, depression, and anxiety [3]. Donaghy et al. com-
pared prodromal DLB and AD patients and showed that 
MCI-LB patients were four times more likely than MCI-
AD patients to present two or more of the five supportive 
neuropsychiatric symptoms. [62]. However, studies that 
show a link between dopaminergic imaging and neuropsy-
chiatric symptoms are scarce [74]. Nonetheless, evidence 
shows that the onset of symptoms in DLB patients who show 
dopaminergic dysfunction through positive FP-CIT SPECT 
occurs more often with psychiatric symptoms than cogni-
tive impairment. Furthermore, it is generally accepted that 
the neuropsychological profile of DLB patients will show 
impacted attentional, executive and visuospatial deficits 
with relatively preserved episodic memory, unlike AD [64]. 
When episodic memory is affected in DLB patients, it sug-
gests the presence of a concomitant AD [74]. Although less 
prevalent in patients with DLB than AD, Iizuka et al. showed 
that the awareness of memory-deficits in DLB patients, 
measured by the discrepancy between subjective and objec-
tive memory scores, is more impaired than in patients with 
normal cognition. Interestingly, the awareness index does 
not correlate with striatal DAT density, but does with hypo-
metabolism of cortical midline structures (i.e., bilateral 
occipital and parietal association cortices, bilateral temporal 
cortex, precuneus, and posterior cingulate cortex) shown by 
18F-FDG-PET [11].

Reduced FP-CIT SPECT binding is useful in predicting 
the development of LBD within five years in patients pre-
senting with isolated or idiopathic RBD (iRBD), as shown 
by Kaplan–Meier survival analysis by Miyamoto and col-
leagues [58]. Important non-visual hallucinations that DLB 
patients frequently present are presence hallucinations (PH), 
corresponding to a vivid sensation of somebody nearby in 
the absence of any physical person [14]. PH occurs fre-
quently in PD, especially at early stages [75–77]. Nicastro 
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et al. showed that DLB patients with PH have widespread 
frontoparietal 18F-FDG hypometabolism, and that 18F-FDG 
uptake in the ventral premotor cortex (vPMC) is negatively 
correlated with FP-CIT uptake in the caudate nucleus. As for 
visual hallucinations (VH), Roselli et al. have reported that 
FP-CIT uptake is inversely associated with their severity and 
frequency [40]. Among other non-motor symptoms associ-
ated with DLB, duration of olfactory dysfunction negatively 
correlates with striatal specific binding ratios of FP-CIT 
SPECT [32]. Furthermore, clinical scores that test olfac-
tory decline and susceptibility to visual hallucinations, the 
odor stick identification and pareidolia tests respectively, can 
aid in differentiating DLB from AD, albeit less sensitive and 
specific than FP-CIT uptake [16] (see Table 3). In a more 
recent study, Nakahara et al. showed that olfactory dysfunc-
tion correlates with lower FP-CIT binding independently 
of cerebral blood flow in the frontal lobe (assessed through 
perfection SPECT), unlike clinically assessed frontal lobe 
dysfunction which only showed a negative correlation in 
patients with frontal lobe hypoperfusion [18].

In DLB patients, a higher level of education is associated 
with better scores in neuropsychological tests that assess 
visuoconstructive functions and retrieval strategies, and 
correlates with higher dopamine transporter binding in the 
striatum, caudate nucleus and putamen bilaterally [33].

Diagnostic performance of DAT imaging and other 
modalities

A retrospective analysis assessing the impact of dopamine 
transporter imaging on patients with suspected DLB during 
their diagnostic workup showed significant impact on diag-
nosis and subsequent management, as 90% of patient with an 
abnormal DaTscan had a postscan clinical diagnosis of DLB, 
and 95% of patients with normal imaging had an alternative 
clinical diagnosis [50]. Similarly, a randomized multi-center 
trial by Walker et al. showed that DAT imaging significantly 
helps clinicians change their diagnosis from possible DLB 
to probable DLB [57].

Patients who meet clinical criteria for DLB but have a 
normal DaTscan remain a challenge. In this context, a ret-
rospective study from the Amsterdam Dementia Cohort [45] 
found that in almost all DLB patients with negative DaTs-
cans, a follow-up 123I-FP-CIT SPECT (average 1.5 years 
after first DaTscan) was abnormal emphasizing the impor-
tance of repeating DaTscans if the clinical diagnosis is 
difficult.

There seems to be a benefit in combining visual and 
semi-quantitative assessments to discriminate between 
DLB and AD patients, with a combined sensitivity of 
100% [35]. Oliveira et al. computed the bihemispheric cau-
date binding potentials (CBP), putamen binding potentials 

(PBP) and putamen-to-caudate ratios (PCR) (derived from 
the ratio of mean counts across voxels of the regions of 
interest over the mean counts across voxels of the back-
ground reference region), finding that DLB patients had 
lower CBP and PBPs than AD patients and higher PCR 
than PD patients, providing an accuracy of 94% in clas-
sifying DLB versus AD and DLB versus PD [59].

The use of other technical methods to measure FP-CIT 
binding, such as through the use of software packages for 
brain imaging analyses (e.g., Statistical Parametrical Map-
ping), has been shown to have comparable discriminatory 
power as visual rating [28].

Multiple studies compared the diagnostic accuracy of 
dopaminergic imaging using FP-CIT against perfusion 
SPECT/PET modalities, or their combined use. In com-
parison to dopaminergic transporter imaging, 18F-FDG 
PET imaging was less accurate and had a lower effect size, 
but regional hypometabolism in the lateral occipital cortex 
can be used to exclude the diagnosis of DLB, and the so-
called “cingulate island sign” (relative preservation of the 
mid or posterior cingulate gyrus) is very specific to DLB 
[12]. Huber et al. showed an inverse relationship between 
FP-CIT uptake and glucose metabolism in the basal ganglia 
and limbic regions, referred to relative glucose hyperme-
tabolism [10]. Other tracers such as 99mTc-exametazime 
also has lower accuracy than FP-CIT in distinguish-
ing between AD and DLB (AUC of 0.64 and 0.83) [25]. 
However, this radiotracer can identify selective occipital 
hypoperfusion on LBD, as compared to decreased temporo-
parietal blood flow of AD [49]. Other studies confirm these 
regional differences in hypometabolism, i.e., reduced 18F-
FDG PET uptake in the visual cortex in DLB patients, and 
specific decreased blood flow in parieto-temporo-occipital 
association cortices in a form of AD [9].

Patients in the LBD spectrum have regional reduction in 
striatal FP-CIT uptake and changes in brain perfusion, as 
measured by 123I-IMP SPECT, such that decreased putamen-
to-caudate ration correlates with hypoperfusion in the brain-
stem whereas decreased caudate-to-putamen ratio correlates 
with right temporal cortex hypoperfusion [26].

Cardiac 123I-metaiodobenzylguanidine sympathetic inner-
vation imaging (MIBG) is included in the diagnostic criteria 
in the most recent consensus criteria for DLB [3] as an indic-
ative biomarker. Overall, FP-CIT SPECT and MIBG myo-
cardial scintigraphy have similar diagnostic accuracies when 
distinguishing DLB from other dementias, although FP-CIT 
SPECT has the highest sensitivity [24]. Other studies show 
that MIBG scintigraphy is more specific for excluding non-
DLB dementias and is particularly useful when the only 
core feature exhibited by the patient is parkinsonism [23]. 
Concerning the prodromal stage of DLB, MIBG myocar-
dial scintigraphy has a specificity, sensitivity and accuracy 
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of 59%, 88%, and 75%, respectively, to distinguish patients 
with MCI-LB from those with MCI-AD [54].

Multimodal imaging shows high accuracy in diagnosing 
DLB. Miyagawa et al. demonstrated almost perfect areas 
under the curve (AUC), ranging from 0.987 to 0.996, in 
differentiating DLB from AD when using FP-SPECT com-
bined with 18F-FDG PET and 11C-Pittsburgh compound B 
(PiB)-PET [13]. It also seems useful to combine dopamine 
transporter imaging, myocardial scintigraphy and brain-
perfusion SPECT for the diagnosis of DLB, which yields a 
sensitivity of 100% [17]. Sakamoto et al. show that MIBG 
myocardial scintigraphy alone is superior (sensitivity, 
specificity and accuracy of 85, 91%, and 89%) to a com-
bined index of FP-CIT SPECT and MIBG SPECT (76.6%, 
74.3%, and 75.2%) [20]. Another study by Shimizu et al. 
compared the diagnostic performance of FP-CIT SPECT, 
MIBG, perfusion SPECT, and MRI (for quantification of 
atrophy), and found that FP-CIT SPECT is the most accu-
rate modality overall (sensitivity and specificity of 93.8% 
and 93.8%, respectively) to differentiate between DLB and 
AD, and MIBG myocardial scintigraphy has low sensitiv-
ity but high specificity (62.5% and 100%, respectively) 
[22]. Combining DAT SPECT and MIBG myocardial scin-
tigraphy surpass the accuracy of either modalities alone 
according to some authors [21].

Finally, amyloid PET imaging, using the 11C-Pittsburgh 
compound B (PiB) radiotracer, has been compared to stand-
ard FP-CIT imaging and do not have a higher diagnostic 
accuracy (measured by AUC) to distinguish DLB from AD 
[13]. In MCI-LB, it is possible to study the co-existence of 
β-amyloid pathology through Amyloid PET, but the phe-
notype of both β-amyloid positive and FP-CIT positive is 
rare, as the majority of the studied MCI-LB patients have 
decreased dopaminergic activity and low β-amyloid deposi-
tion [15]. Comparative performance between more recent 
AmyPET radiotracers such as flutemetamol and florbetapir 
and FP-CIT imaging has not been studied in the literature.

DAT versus SERT

FP-CIT has affinity to both dopamine (DAT) and serotonin 
(SERT) transporters, therefore it is possible to image both the 
integrity of dopaminergic striatal and serotoninergic extrastri-
atal systems simultaneously [30]. However, extrastriatal sero-
tonin transporter (SERT) is seldom studied along with striatal 
dopaminergic transporter (DAT) binding using FP-CIT SPECT 
imaging. Some authors found no difference in extrastriatal 
SERT binding between DLB and PD patients using FP-CIT 
[29], but others showed that only DLB patients had impair-
ments in serotoninergic pathways of the thalamus [38]. Further, 
Joling et al. showed that DLB patients have lower hypotha-
lamic SERT availability as compared to standard reference 
[30]. Finally, Van der Zande et al. studied DLB patients with 

concomitant AD pathology (defined with cerebrospinal fluid 
tau/aβ-42 ratio) and found that these patients had lower extras-
triatal FP-CIT SERT binding in limbic brain regions (i.e., left 
amygdala) [46].

Medication such as chronic cholinesterase inhibitors 
(ChEi) do not influence the radioligand’s binding to striatal 
DATs therefore do not influence the diagnostic performance 
of 123I-FP-CIT imaging [43]. The authors took into account 
the effect of selective serotonin reuptake inhibitors (SSRIs) 
like citalopram and paroxetine on striatal FP-CIT binding, 
increasing its availability: they had similar proportions of 
subjects taking antidepressants in those taking ChEi and 
those without ChEi. The interaction between serotonin and 
dopamine systems in the striatum is of interest since depres-
sion is one of the prodromal symptoms of DLB and AD, and 
the use of SSRIs is thus frequent in these patients.

Discussion

Summary of evidence

The present study is an updated systematic literature review 
involving 59 primary studies, constituting the largest col-
lection of studies relating to the diagnosis of dementia with 
Lewy bodies using scintigraphic dopaminergic imaging to this 
day. Based on the body of evidence that was hereby studied, 
the use of dopamine transporter imaging provides support 
in the diagnosis of DLB from other forms of dementia, and 
within the larger spectrum of Lewy body diseases. Dopamin-
ergic scintigraphic imaging enables accurate discrimination 
between DLB and AD. As for other forms of neurodegenera-
tive parkinsonian syndromes such as FTD, PSP, and CBD, 
semi-quantitative measures of DAT uptake cannot clearly 
differentiate them from DLB. Within the spectrum of Lewy 
body disease, some patterns of FP-CIT uptake (i.e., lower FP-
CIT binding in the caudate nucleus in DLB than PD patients 
and greater asymmetry of uptake in the posterior putamen 
with degeneration of ventrolateral nigral in PD patients) have 
been proposed to specifically identify PD from DLB and 
PDD, whereas discriminating between the latter two is more 
challenging. Whether this is due to the different modalities of 
pharmacological treatments and the patients’ clinical response 
remains unclear and requires further investigation. Similarly, 
we could ask ourselves what effects cognitive fluctuations 
have on FP-CIT binding. Clear patterns of radioligand uptake 
can be identified using semi-quantitative and/or simple visual 
rating, and this can be done in prodromal stages of demen-
tia. There is solid evidence to consider motor symptoms and 
parkinsonism, measured by the validated clinical scores, as 
adjunct factors to FP-CIT SPECT imaging. The same goes 
for non-motor symptoms, especially behavioral symptoms. 
These clinical variables greatly aid the diagnostic accuracy 



2032	 European Journal of Nuclear Medicine and Molecular Imaging (2023) 50:1988–2035

1 3

of functional imaging, even at the prodromal stage of DLB. 
Specifically for the neuropsychiatric symptoms that DLB ini-
tially present, such as visual and non-visual hallucinations, 
relevance of FP-CIT SPECT imaging in the early stages of the 
disease exists and has been shown in only a few studies, and 
further investigations are required. For instance, it is unclear 
whether patterns of ligand uptake can be differentially identi-
fied for patients presenting major or minor hallucinations, as 
the methods of classifying and reporting of these symptoms 
is not standardized and has been insufficiently studied with 
regards to dopaminergic scintigraphic imaging.

DAT imaging can be complemented by other imaging 
modalities, namely by myocardial MIBG scintigraphy, brain-
perfusion SPECT and 18F-FDG-PET. Essentially, MIBG 
myocardial scintigraphy is more specific than DAT SPECT 
imaging, whereas the latter is more sensitive in detecting 
DLB. FDG-PET can be used to highlight certain signs that are 
highly specific to DLB, such as the relative preservation of the 
posterior cingulate (cingulate island sign) and occipital hypo-
metabolism. Combinations of striatal scintigraphy, as well as 
brain-perfusion SPECT and FDG-PET can identify regional 
correlations of hypoperfusion and striatal DAT availability 
and ascertain the diagnosis of DLB with greater sensitivity 
and specificity.

The current review updates the meta-analysis performed by 
Nihashi et al. in 2018, which itself was an update of their 2015 
meta-analysis [6, 78]. Since we did not perform a meta-anal-
ysis, we did not compare specificities and sensitivities with 
these previous studies. Admittedly, we considered there to be 
too much heterogeneity in the studied populations and subse-
quent imperfection in comparing reference results. However, 
our review adds 23 new studies, all but two (n = 21) includ-
ing the use of semi-quantitative assessment. In the study by 
Nihashi and colleagues, semi-quantitative image analysis was 
still relatively new, thus limiting the number of analyzed arti-
cles. In our review, we propose groups of study findings that 
are pooled according to their main outcomes (see Fig. 3). This 
allows identification of clinically relevant contexts (i.e., facing 
pathologies in the LBD spectrum, other forms of dementia, or 
having specific clinical scores) in which dopaminergic scinti-
graphic imaging is efficient.

According to the 2017 DLB consensus criteria, decreased 
uptake on SPECT is an indicative biomarker that supports 
the diagnosis of DLB, in addition to the four core clinical 
features [3]. In our systematic review, we noted that these 
criteria were respected, and the use of indicative biomarkers 
for DLB is clearly supported by direct biological biomark-
ers. There has been no updated consensus criterion since 
2017. We identified studies where prodromal DLB could be 
identified and form a clinical entity, as some studies have 
shown that screening using SPECT imaging is possible in 
healthy or paucisymptomatic patients, even years before the 
diagnosis of DLB [62, 65]. Future research perspectives and 

biomarker-based research could be anchored towards poten-
tial treatment trials in the identified prodromal DLB patients 
and pave the way for early intervention in pre-dementia 
syndromes.

Limitations

We identified several limitations in the various studies we 
analyzed, such as the heterogeneity of radiotracers that were 
sometimes used. Furthermore, study designs and outcome 
measures varied considerably between studies. Extraction of 
accurate data on true negatives/positives and false negatives/
positives was not systematically possible, and a pooled analy-
sis of the studies would most probably entail a large heteroge-
neity, which is why we decided not to pursue a meta-analysis.

Regarding the technical aspects, image acquisition was 
usually precisely reported, with details on the injected doses 
of radiotracers, time-intervals between injection and imag-
ing, types of reconstructions, and algorithms used.

In all the reviewed studies, image analysis was performed 
either by visual rating alone, semi-quantitative measures 
using specific binding ratios of the radiotracer in the striatum, 
or a combination of both methods. However, these methods 
have the limitation of being user-dependent and lack ana-
tomical standardization. In fact, a few studies in the literature 
address this issue and point to a promising role of quantita-
tive assessment of DAT loss in the striatum using computer 
tomography (CT) data acquired on hybrid SPECT/CT equip-
ment [79]. Using CT in order to apply anatomical standardi-
zation to dopaminergic scintigraphic imaging, authors like 
Yokoyama et al. proposed a method that avoids deformation 
errors due to DaTscan-specific templates lacking structural 
information [79]. Further research using quantitative assess-
ment is thus required in order to more accurately discriminate 
Dementia with Lewy bodies and better understand the physi-
opathology of its distinct clinical features.

Conclusions

Dopaminergic scintigraphic imaging is an efficient method 
to diagnose dementia with Lewy bodies and distinguish it 
from other forms of dementia. This is done through semi-
quantitative and visual methods, and very little work has 
been done including the use of absolute tracer uptake 
quantification or the CT-guided anatomically standard-
ized methods to accurately measure dopamine transporter 
decrease in the striatum. Therefore, further research is 
needed in order to assess dopaminergic degeneration more 
accurately and to possibly predict the degree of severity 
and progression of dementia with Lewy bodies.
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