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ABSTRACT

Introduction. Neuroimaging plays an increasingly important role in the diagnosis of parkinsonian syndromes.

Aim of the study. In this paper, the authors elaborate on the necessity of using magnetic resonance imaging (MRI) in Parkinson’s 
Disease (PD) and its potential role in differential diagnosis versus other neurodegenerative parkinsonian syndromes such as 
dementia with Lewy bodies, multiple system atrophy, progressive supranuclear palsy and corticobasal syndrome.

State of the art. The currently known characteristic abnormalities are listed and tabulated, current recommendations are sum-
marised and sample images are provided. As routine MRI scanning in PD remains controversial, the authors’ aim is to show the 
pros and cons in clinical practice. Additionally, the rationale for functional imaging examination, including [123I]-FP-CIT SPECT 
(DaTSCAN) and [99mTc]- HMPAO-SPECT, [18F]-FDG-PET, [123I]-mIBG-SPECT is discussed.

Clinical vignette. This paper is accompanied by two illustrative clinical cases in which neuroimaging studies played a key role 
in diagnosis and further management.

Conclusions. Neuroimaging can be helpful in differentiating PD from both atypical and symptomatic parkinsonism. Nevert-
heless, extensive neurological assessment in a majority of PD cases is sufficient to make a diagnosis. A network of specialists 
in movement disorders should be established in order to enable better, faster and more precise diagnosis of parkinsonism.

Key words. Parkinson’s Disease, atypical parkinsonism, neuroimaging, DaTSCAN, magnetic resonance imaging, single photon 
emission computed tomography
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Introduction

Parkinson’s Disease (PD) is primarily diagnosed according 
to the current Movement Disorders Society (MDS-2015) based 

on a neurological examination. Magnetic resonance imaging 
(MRI) is not recommended criteria in the routine diagnosis 
of typical levodopa (LD)-responsive PD [1]. Similarly, the 
widely available dopamine transporter single-photon emission 
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computed tomography (SPECT) using [123I]-FP-CIT (ioflu-
pane), trade name: DaTSCAN should not be used routinely 
to confirm the diagnosis of PD, and officially is licensed only 
for the differential diagnosis of PD and Essential Tremor 
(ET) [1–3]. Nevertheless, there is a substantial number of 
studies looking for specific MRI signs that may be helpful in 
a diagnosis of PD and differentiate PD from atypical parkin-
sonian syndromes (APS) such as progressive supranuclear 
palsy (PSP), multiple system atrophy (MSA), cortico-basal 
syndrome (CBS) or dementia with Lewy bodies (DLB) and 
symptomatic parkinsonism. Therefore, in 2013, the European 
Federation of Neurological Societies (curently — European 
Academy of Neurology), recommended conventional MRI and 
diffusion-weighted imaging at 1.5T as neuroimaging tools to 
support a diagnosis of MSA or PSP versus PD [4].

The aim of this paper is to discuss whether conventional 
MRI, DaTSCAN and other functional neuroimaging mo-
dalities may be helpful in clinical practice when diagnosing 
parkinsonian syndromes, and how to avoid both unnecessary 
examinations and misdiagnosis . We will analyse the ration-
ales for making these decisions. This paper uses the current 
diagnostic criteria and is based on a literature review, but it 
also reflects the personal views and approaches of the authors.

Clinical reasoning

PD is a neurodegenerative disorder characterised by both 
motor and non-motor symptoms that appear mostly at middle 
and late stages (dysautonomia, cognitive decline, depression, sleep 
disorders, hallucinations and delusions) and thus are not helpful 
in making a diagnosis in the early stages [5]. The diagnosis of PD, 
according to MDS-PD criteria, is primarily based on a neurological 
examination [1]. The essential criterion is the presence of bradyki-
nesia and at least one of either rest tremor or rigidity. Further steps 
to diagnose idiopathic PD involve determining whether absolute 
exclusion criteria (including atypical symptoms such as early de-
mentia, gaze palsy and cerebellar and pyramidal symptoms) and 
red flags are absent, and whether at least two supporting criteria are 
present. The utility of the LD challenge test remains controversial 
[4]. Therefore the only way to detect if LD is effective is to up-titrate 
to an adequate dose of 600 mg/day or more (up to 1,000 mg/day) 
within three months [1, 2]. A good or very good response can 
confirm a proper diagnosis of PD. Nevertheless, even in special-
ised movement disorders centres, up to 26% of patients initially 
diagnosed with PD are reclassified at follow-up [6–8].

Neuroimaging studies are not obligatory for diagnosing 
typical cases of PD [1]. However, from a clinical perspec-
tive, they should be requested if atypical symptoms (early 
dementia, dysautonomia, cerebellar symptoms, pyramidal 
signs, wide-base gait and falls, early orthostatic hypotonia 
and urinary incontinence) or an atypical clinical course 
(rapid or stepwise deterioration) with no or suboptimal LD 
responsiveness, are present. In some cases, this may ena-
ble identification of a potentially treatable condition (e.g. 

normal pressure hydrocephalus [NPH], Wilson’s Disease) 
or the introduction of a secondary prophylactic (vascular 
parkinsonism [VaP]). 

Nevertheless, these conditions are rare and present dis-
tinctive clinical features, usually not typical parkinsonian 
syndrome alone. In NPH, early gait problems, with rather 
wide-base gait (narrow in PD), is present, followed by demen-
tia and urinary incontinence. Wilson’s Disease may progress 
faster, with prominent dystonic postures and hepatic lesions 
and should be thoroughly diagnosed using a combination of 
methods, including biochemical (serum ceruloplasmin; serum 
and urine copper) and ophthalmological (Kayser-Fleisher 
ring) examinations; genetic testing; and neuroimaging with 
MRI or transcranial ultrasonography [9–11]. Predominant gait 
problems are also typical for VaP, presenting as so-called lower 
body parkinsonism (of note: true VaP due to vascular lesions 
within nigrostriatal pathways is very rare) [9].

The differential diagnosis of PD and ET can be trouble-
some. The proposed MDS definition of ET requires at least 
a three-year history of tremor, excluding isolated head and 
voice tremors. A three-year history would reduce the odds of 
the subsequent development of other neurological signs (e.g. 
dystonia, parkinsonism or ataxia) [12]. From clinical practice, 
it is known that ET may present with asymmetric upper limb 
tremor – postural, kinetic and even at rest – with a family 
history and alcohol response in approximately 50% of patients. 
In contrast, tremor in PD may also be postural (typically with 
a delay, called re-emergent tremor, which differentiates it 
from classical ET). However, rest tremor combined with par-
kinsonism is usually asymmetric and commonly unilateral at 
onset and is known as classical parkinsonian rest tremor [12]. 
Clinical experience is required to make the distinction from 
ET (e.g. re-emergent tremor in PD), and one should also be 
aware of the possible combination of ET and PD.

Atypical ET, with a rest tremor and asymmetrical pres-
entation, or an atypical parkinsonian tremor — called type 
II or III in the classification — with postural and/or kinetic 
components, may also be controversial [13]. A tremor evolving 
over a long period (sometimes known as benign tremulous 
parkinsonism) may cause problems with PD diagnosis in 
the early stages. The lack of responsiveness of PD tremor to 
LD (in approximately 30% of PD patients) makes differential 
diagnosis difficult in the early stages when other clinical 
features such as bradykinesia or rigidity are less pronounced. 
Therefore, when initiating LD treatment, one should pay more 
attention to improvement of bradykinesia, rigidity and gait 
than of tremor. Propranolol may improve both parkinsonian 
tremor and ET and thus may cause confusion in cases with 
rest tremor and other mild parkinsonian features.

Derived from the ELLDOPA study, a new category of 
patients was recognized. These are called SWEDDs (subjects 
without evidence of dopamine depletion), who had ‘mild’ 
parkinsonian features and were included into the study as 
patients fulfilling the PD diagnostic criteria [14]. Since then, 
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it has been found that 4–15% of patients originally diagnosed 
as PD do not have dopaminergic deficits in functional neu-
roimaging [15, 16]. Long-term observation has shown no 
PD symptoms in the majority of SWEDD cases, which was 
consistent with DaTSCAN imaging [17]. This was also recently 
supported by a study by Suwijn et al. in which a panel of six 
neurologists in training (NT), six general neurologists (GN), 
and six movement disorder experts (MDE) received a batch 
of 10 videos consisting of SWEDD subjects and a random 
sample of patients with abnormal DaTSCAN scans. The value 
of clinical signs in identifying patients was found to be poor 
(low intraclass correlation coefficients). The worst clinical 
assessments were made by GNs (33.3%) and NTs (50%), and 
the best by MDEs (66.7%) [18]. However, this actually confirms 
the necessity of training in clinical assessment of parkinsonism 
rather than performing obligatory DaTSCAN at early PD stage.

If neuroimaging is necessary, MRI is generally preferred 
over computer tomography (CT) due to the better tissue con-
trast resolution and sensitivity unless contraindicated [19] (e.g. 
cardiac implantable electronic devices, metallic intraocular 
foreign bodies, neurostimulation systems, metallic implants 
depending on their type and the strength of magnetic field). 
Although the spatial resolution of MRI is lower compared to 
CT it can be improved by the application of high-field (3T) and 
ultra-high-field (7T) MRI or by three-dimensional sequences 
with higher signal-to-noise ratio. Therefore, techniques sensi-
tive to the presence of iron or neuromelanin at 3T or 7T MRI 
increase specificity of MRI in the diagnostics of parkinsonism.

Dopamine transporter single-photon emission CT (SPECT) 
[123I]- FP-CIT (ioflupane), trade name DaTSCAN, may be an 
option for detecting the integrity of the presynaptic dopamine 
system (nigrostriatal pathways). This radiotracer is officially 
licensed for differentiating between PD and ET and between 
Alzheimer’s Disease (AD) and DLB. In PD and DLB, the ni-
grostriatal denervation results in a reduction in DaTSCAN up-
take, and therefore these entities cannot be differentiated [20, 21].

Magnetic resonance imaging

In the authors’ opinion, neuroimaging should always be 
performed at the onset of parkinsonian symptoms to exclude 
other causes of symptoms. Illustratively, the first link between 
parkinsonism and the substantia nigra (SN) was made by Paul 
Blocq and Georges Marinesco from the Charcot group, who 
discovered during the post mortem of a patient with a clin-
ical diagnosis of tuberculosis and unilateral rest tremor, an 
encapsulated tumour confined to the SN, contralateral to the 
affected side, supporting the conclusion that tremor in this 
case resulted from a midbrain lesion [22].

Clinical vignette 1
The situation in which MRI can give surprising findings 

may be illustrated by the case of a 65-year-old woman who 
presented with rest tremor of the right hand which had lasted 

for several months, and bradykinesia, also on the right. Her 
GP had made a diagnosis of PD and started LD treatment 
with no effect (although the daily dose was relatively small at 
400 mg). At the neurological examination, she presented along 
with parkinsonism and pyramidal signs on the right side. The 
MRI revealed a tumour of the pituitary gland with significant 
dilatation of the left ventricle. The removal of the tumour 
resulted in the disappearance of the hemi-parkinsonism. The 
delayed diagnostic process with LD challenge lasting nearly 
three months could have resulted in a fatal outcome, but the red 
flag of pyramidal signs was present and should have suggested 
symptomatic parkinsonism.

The role of structural 1.5T MR imaging in patients with 
idiopathic PD is so far questionable because of the lack of dis-
ease-specific signs [4] and according to the National Institute 
for Health and Care Excellence (NICE) guidelines should not 
be used to diagnose PD [23]. However, in clinical practice, 
brain MRI is usually performed at least once in the course of 
the disease, although some experts suggest performing a brain 
MRI only in patients with atypical features that suggest atypical 
or symptomatic parkinsonism [19]. Additionally, brain MRI 
plays an important role in excluding treatable causes of parkin-
sonism (as in clinical vignette 1), which should never be missed.

Cerebrovascular damage that can be seen on MRI may 
also be responsible for parkinsonian syndrome (mostly gait 

Figure 1. MRI image of pituitary gland tumour with asymmetric, 
contralateral parkinsonian syndrome
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Figure 2. MRI, axial plane, high-resolution SWI. A. Bilateral DNH (arrows) — normal ‘swallow-tail’ sign, indicating healthy subject; B. Lack of 
DNH on right (arrow) and small, hardly visible nigrosome-1 on left (arrowhead), indicating PD

problems), but one should be aware that concurrent vascular 
lesions are relatively common in patients with PD or they may 
indicate so-called mixed neurodegenerative parkinsonism and 
cerebrovascular disease [24]. Lesions in the striatum may also 
cause reduced dopamine transporter uptake on DaTSCAN, 
and a combination of imaging findings from these two meth-
ods may be useful [24]. There are also some characteristics 
visible on MRI that are suggestive of other causes of parkin-
sonism, including iron storage disorders [25] Wilson’s Disease 
[26] or manganese-induced parkinsonism [27].

Based on recent advances in MRI technology, new tech-
niques using high-field (3T) and ultra-high-field (7T) MRI 
(nigrosome-1 imaging, neuromelanin sensitive MRI) [28] can 
add value to the diagnosis of PD and APS. Techniques such as 
diffusion-weighted imaging [DWI], diffusion tensor imaging 
[DTI], arterial spin labelling perfusion [ASL], functional MRI, 
which can also be performed on 1.5T MRI scanners, are based 
on group-wise comparisons, however cannot be used in the 
diagnostic work-up of individual patients, because of a lack 
of validated diagnostic criteria [19].

Currently, the most promising MRI marker is the swal-
low-tail sign (or dorsal nigral hyperintensity [DNH]), which 
is a focus of increased signal intensity in the hypointense 
dorsolateral substantia nigra [SN], consistent with the location 
of nigrosome-1 (N-1), the largest subgroup of five calbin-
din-poor clusters rich with dopaminergic neurons [29, 30] 
(Fig. 2). The nigral dopaminergic cells loss in the idiopathic 
PD starts and dominate in N-1, with subsequent increase 
of iron deposition, which results in loss of DNH [28]. The 
swallow-tail sign can be found bilaterally in almost all healthy 
controls on specific high-resolution iron-sensitive sequences 
(susceptibility-weighted imaging [SWI]) at 3T or 7T MRI, 
but only exceptionally at 1.5T MRI, which limits this method 
in everyday practice. The absence or poor visualisation of 
N-1 unilaterally or bilaterally (lack of a swallow-tail sign) was 

present in patients with PD with a sensitivity of 98.5%, spec-
ificity of 93.6%, positive predictive value (PPV) of 94.3% and 
negative predictive value (NPP) of 98.3% [31]. Additionally, 
there was a significant correlation between clinical symptoms 
and corresponding poor visualisation of N-1. According to 
a recent meta-analysis, the overall sensitivity and specificity 
of N-1 imaging on 3T MRI was comparable to that of 7T MRI, 
and both exceeded 94% [30]. However, poor visualisation of 
N-1 may also be caused by inappropriate scanning techniques 
(acquisition plane, slice thickness, parameters and the type of 
iron-sensitive sequence used) and/or technical artifacts, espe-
cially those caused by movement or magnetic field distortions 
[32]. Visual rating of DNH is subjective and observer-depend-
ent, and in this regard the experience of the radiologist is 
essential. Therefore, there is a clear need for reproducible and 
standardised MR protocols as well as a systematic evaluation 
of the N-1 visibility [33].

There are some promising results concerning the presence 
of swallow-tail sign in patients with early stage PD. DNH was 
found abnormal at 3T MRI in patients with early PD (H&Y 
1–2) with disease duration of less than 12 months, with the 
diagnostic accuracy of 94.6% and the side of the more affected 
N-1 was in concordance with clinical laterality, and addition-
ally DaT deficiency and PD was confirmed by 18F-FP-CIT 
PET [34]. The absence of DNH on MRI with significantly 
lower putaminal dopaminergic activity on DaTSCAN was also 
noticed in a quarter to two-thirds of patients with idiopathic 
rapid eye movement sleep behaviour disorder (RBD) [35, 36]. 
These findings however need further investigation. The utility 
of swallow-tail sign in a diagnosis of neurodegeneration has 
been supported by studies that compared MRI to DaTSCAN/ 
/SPECT, with good concordance between visualisation of 
N-1 on MRI and the function of presynaptic dopaminer-
gic system on DaTSCAN [37, 38]. Additionally, SWI and 
N-1 correlates well with DaTSCAN, with a concordance rate 

A B
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Table 1. Radiological features of brain MRI in most common atypical parkinsonian disorders

Multiple System Atrophy 
[46–48, 82]

Progressive Supranuclear Palsy [47, 48, 
55, 58–61]

Dementia with Lewy  
Body [83, 84]

Corticobasal syndrome/  
/degeneration [85]

MSA-P:
reduced putamen volume,
low signal in T2WI and SWI 
(T2*GRE) of putamen,
putaminal rim sign in 1.5T MRI
MSA-C:
hot-cross bun sign,
MCP atrophy,
cerebellar atrophy,
dilatation of 4th ventricle,
increased SI T2 of MCP, cerebellum

Midbrain atrophy:
hummingbird or  penguin sign, 
Mickey Mouse sign (axial scans), 
morning glory sign (axial scans), 
midbrain area < 70  mm2,
decrease of AP midbrain diameter on sagittal 
scans < 9.35, reduction of midbrain-pons 
index < 0.12 (< 0.15),  
normal approximately 0.24, 
SCP atrophy, 
MRPI ≥ 13.55, 
callosal atrophy and mild cortical frontal 
atrophy

Generalised decrease in 
cerebral volume most marked 
in frontal lobes and parieto-
temporal regions,  
mesial temporal lobe and 
hippocampi remain relatively 
normal

A symmetric cortical atrophy 
of superior parietal lobe (most 
common), peri-Rolandic gyri, 
superior frontal gyri bilateral 
atrophy of basal ganglia,  
atrophy of corpus callosum

of 86.2% [39, 40]. These results indicate that N-1 imaging can 
act as a potential screening tool in uncertain cases before the 
DaTSCAN [41].

However, similarly to PD, the DNH is also absent in most 
[39] or all [42] patients with APS, resulting in similar inabil-
ity to distinguish those conditions with DaTSCAN imaging. 
Although one study showed that nigrosome-1 was bilaterally 
present in patients with MSA, this was not confirmed with 
DaTSCAN [43]. Very high NPP allows the exclusion of PD 
and APS in patients with a bilaterally normal swallow-tail 
sign with a confidence of nearly 100% [42, 38]. In contrast, 
normal bilateral DNH has been seen in patients with ET [44], 
drug-induced parkinsonism [41], VaP [45], AD and fronto-
temporal dementia. 

This is therefore a potential biomarker for differentiating 
these conditions from neurodegenerative parkinsonism [30, 40].

MRI imaging may be helpful in diagnosing APS including 
PSP, MSA or CBS. The most common APS presents some dis-
tinctive, but not specific, MRI features, as set out in Table 1.  
These features are usually seen in the advanced stages of the 
disease, so the initial diagnostic accuracy of MRI (in the early 
stages) is limited [28].

Two variants can be distinguished in the clinical spectrum 
of MSA: MSA with predominant cerebellar signs (MSA-C), with 
neuropathology located predominantly in the brainstem and 
cerebellum, and MSA with parkinsonism (MSA-P), with prima-
ry involvement of basal ganglia, particularly the putamen [46].

In MSA-P, the most striking MRI feature at 1.5T is reduced 
volume of the posterior putamen with low signal intensity on 
T2WI and SWI (or T2*GRE) relative to the globus pallidus 
and red nucleus. This can be accompanied by a marginal 
slit-like T2 hyperintensity along the postero-lateral part of 
the putamen (‘putaminal rim’ sign). Of note, this ‘putaminal 
rim sign’ should not be confused with a thinner rim along 
the entire lateral margin of the putamen seen in healthy 
subjects at 3T MRI [47, 48]. A similar hyperintense rim has 
been observed at 1.5T on axial T2W images in up to 38.5% 

of healthy subjects, but it occupied the full length or anterior 
half of the lateral margin of the putamen, with normal signal 
intensity of putamen and without evidence of atrophy [49]. In 
the assessment of putaminal abnormalities in MSA, weighted 
imaging is considered to be superior to T2WI and T2*GRE. 
Additionally, due to the higher sensitivity of iron, putaminal 
abnormalities in patients with MSA-P can differ at 3T MRI 
and 1.5T MRI. Therefore, the signal changes in the putamen 
on T2W imaging that are seen at 3T MRI are not specific for 
MSA-P, and can be also present in PD patients and healthy 
individuals [50].

Supratentorial abnormalities are observed more often and 
earlier in the course of MSA-P than in MSA-C, and demon-
strate high specificity for differentiating MSA from PD, while 
putaminal changes are inadequate for distinguishing MSA 
from other forms of APS [47]. Infratentorial abnormalities, 
which are seen earlier and are more prominent in MSA-C, 
include atrophy of the cerebellum, pons and middle cerebellar 
peduncle (MCP), with increased signal intensity on T2WI and 
FLAIR along with a suggestive pattern of hyperintensity in the 
pons known as the ‘hot cross bun’ sign, [4, 19, 46, 47] (Fig. 2).  
This sign, however, can also be found in non-neurodegen-
erative parkinsonism and in spinocerebellar ataxia [47, 51].

Watanabe et al. reported that approximately 60% of pa-
tients with MSA-P, and 40% with MSA-C, showed no evidence 
of putaminal or infratentorial changes two years after disease 
onset [51, 52]. A longitudinal study with 3T MRI showed that 
about 20% of patients diagnosed with probable MSA-P had 
no abnormalities on initial MRI [53]. One should therefore 
remember that, in the absence of these MRI signs, APS still 
cannot be excluded, especially in the early course of the disease 
[19]. A follow-up neurological examination, along with MRI 
studies, is recommended.

In PSP, the most prominent feature on a brain MRI is 
atrophy of the midbrain, although not present in all patients, 
especially in the early phase of the disease. Midbrain atrophy 
depends also on the PSP phenotype, and is most characteristic 
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Figure 3. MRI, MSA with parkinsonism. A. Axial, T2*GRE; bilateral putaminal hypointensity and atrophy with loss of normal convex outer 
margin of putamen (arrows) — right putamen more affected than left; B. Axial T2WI; C. Coronal FLAIR — ‘slit-like’ hyperintensity along lateral 
margin of right putamen (arrows)

Figure 4. MRI, MSA-C. A. Axial T2WI; crossed hyperintensity in pons — ‘hot cross bun’ sign (arrow), enlarged 4th ventricle; B. Axial FLAIR; 
hot cross bun sign, marked atrophy of MCPs with hyperintense signal (stars); C. Sagittal plane, T1WI; atrophy of pons, normal midbrain size

for Richardson’s Syndrome (PSP-RS) [54]. The midbrain profile 
on sagittal scans and the small area of the midbrain results 
in a so-called ‘hummingbird’ or ‘penguin’ sign. The ‘Mickey 
Mouse’ sign can be seen on the axial scan due to the decrease 
in the anteroposterior dimension of the midbrain at the level of 
the superior colliculi. Another symptom resulting from the loss 
of the lateral convex margin of the tegmentum of the midbrain 
is the ‘morning glory’ sign. This, together with the humming-
bird sign, has low sensitivity, especially in the early disease 
stages, but high specificity of 99.5% and a positive predictive 
value of 96.1% for a diagnosis of PSP [55] (Fig. 4 A, B, C).  
Putaminal atrophy and hypointensity on SWI (or T2*GRE) 
can also be present [48]. 

Brainstem measurements are helpful in the differential 
diagnosis of PSP from PD and MSA, although the values of 
morphometric parameters differ between studies [56, 57]. The 
AP diameter of the midbrain is easy to measure in the sagittal 

plane on T1WI. Highly suggestive for PSP is perpendicular 
to the long axis of the midbrain without quadrigeminal plate, 
of less than 9.35 mm [58] and a midbrain area reduction to 
below 70 mm2 (50% of the normal values) [59]. A ratio of the 
AP diameter of the midbrain to the AP diameter of the pons 
of less than 0.52 was found to have a specificity of 100% in 
discriminating PSP from non-PSP patients [58]. Addition-
ally, the ratio of the midbrain area to the pons area (M area/ 
/P area) was reported to be reduced to ≤ 0.12 to ≤ 0.15 (normal: 
0.24) [60]. Reported cut-offs for the AP midbrain diameter 
range from 9.35 mm to 14.85 mm, depending on the plane of 
assessment or on whether the midbrain was measured with or 
without midbrain tegmentum [56, 58, 59, 61]. Superior cere-
bellar peduncles (SCPs) are also atrophic in PSP, with relative 
sparing of the MCPs and pons. Measurements of the SCP, MCP, 
pons area and midbrain area allow the calculation of the MRI 
parkinsonism index (MRPI), wherein a value of ≥13.55 or 

A B C
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Figure 5. A, B — MRI, sagittal plane, T1WI, patient with PSP; A. marked atrophy of 
midbrain with ‘hummingbird’ sign and reduced AP diameter, measured with method of 
Massey [58]; B. Scheme for measurements of midbrain area and pons area, method of 
Oba [60]; C. coronal plane T1WI, atrophy of SCPs (arrows); D. concave margin of lateral 
margin of midbrain tegmentum — ‘morning-glory’ sign (arrows), deep and concave 
interpeduncular fossa (star)

A B C

D

higher indicates the possibility of PSP-RS [59, 61]. Recently, 
an MRPI of 2.0 incorporating the third ventricular width was 
introduced as an improvement on the initial index [59].

The MRPI and the P area/M area ratio have adequate 
diagnostic value to support the PSP-RS clinical diagnosis of 
PSP-RS, as opposed to PD and healthy controls, but they do 
not show an adequate sensitivity and specificity profile when 
differentiating PSP subtypes [54]. Midbrain area measurement 
is much easier for neuroradiologists to perform, has similar 
diagnostic potential to MRPI, and is significantly associated 
with greater ocular motor dysfunction at the time of MRI and 
more rapid disease progression at follow-up [62]. Callosal 
atrophy and mild cortical atrophy — usually restricted to the 
frontal lobes — are also observed [47].

The problem of MRI in PSP and MSA is the discrepancy 
between the red flags, and clinical symptoms and signs at the 
early stages, combined with the typical delay of the MRI and 
changes three or more years on from disease onset [63, 64]. 
Scans should therefore be repeated at the follow-up, but, by that 
time, the clinical picture usually shows the typical symptoms 
(severe dysautonomia, ataxia, falling and moderate/mild LD 

response in MSA; ophthalmoplegia with frequent falls and 
cognitive decline with frontal behaviour in PSP; unilateral [or 
mostly pronounced] apraxia, dystonia, myoclonus and alien 
limb phenomenon along with cognitive decline in corticobasal 
syndrome). Therefore, these distinctive neuroimaging features 
are not very helpful at the very early disease stages.

Functional imaging of dopaminergic system 
with DaTSCAN

DaTSCAN, is one of the methods used to assess the 
nigrostriatal dopaminergic system and, more specifically, 
the intactness of the presynaptic dopaminergic terminals. In 
idiopathic PD, binding of the Dopamine Transporter (DaT) 
is often first reduced in the putamen contralateral to the clin-
ically predominant side. The reduction in tracer uptake then 
progresses to the contralateral putamen and anteriorly as well 
as ipsilaterally to the caudate as a result of a specific pattern 
of nigrostriatal neurons degeneration. 

In atypical parkinsonism, both pre- and postsynaptic ni-
grostriatal synapses are involved. Uptake is already abnormal at 
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disease onset. Unfortunately, DaTSCAN does not distinguish 
between idiopathic PD and APS and, therefore, according 
to the MDS-2015 diagnostic criteria, it should not be used 
routinely [1, 65]. In uncertain cases, the examination can be 
complemented by assessing the postsynaptic part using specific 
ligands, e.g. IBZM [66, 67]. For example, postsynaptic striatal 
dopaminergic imaging is included in the PSP disease criteria 
as a supportive feature, along with predominant midbrain 
atrophy or hypometabolism [68].

[123I] FP-CIT–DaTSCAN is approved by both the US Food 
and Drug Administration (FDA) and the European Medicines 
Agency (EMA) as a SPECT tracer for testing dopaminergic 
neuronal integrity in suspected parkinsonian syndromes. 
DaTSCAN is registered in Europe and in the United States for 
differential diagnosis between neurodegenerative parkinson-
ism and ET (Level A). Additionally, DatSCAN is indicated for 
detecting the loss of nigrostriatal dopaminergic neuron termi-
nals in patients with parkinsonian syndromes. This is especially 
relevant in the differential diagnosis between DLB and other 
dementias, particularly AD; in distinguishing between parkin-
sonism due to presynaptic degenerative dopamine deficiency 
and other forms of parkinsonism, e.g. between idiopathic PD 
and drug-induced (see clinical vignette 2, Fig. 6), psychogenic 
or vascular parkinsonism; and in detecting the early phase of 
presynaptic parkinsonian syndromes [69]. Similarly, it can be 
useful to distinguish primary dystonia from PD with dystonia, 
especially with dystonia as a first manifestation of young onset 
PD [2] and dystonic tremor (labelled as SWEDDs) from PD 
[70]. The broad list of possible useful indications is summa-
rised in Table 2. Importantly, DaTSCAN should always be 
interpreted together with structural studies (e.g. MRI). This 
improves the performance of functional imaging, and reduces 
the rate of misdiagnosed cases.

Clinical vignette 2
A 31-year-old female was diagnosed with schizoaffective 

disorder and aripiprazole was introduced. After five years, the 
patient experienced unilateral resting and kinetic tremor of 
the right arm. Neurodegeneration with iron accumulation and 
Wilson’s Disease were excluded. The patient was diagnosed 
with tardive tremor. Aripiprazole was changed to olanzapine, 
lamotrigine and subsequently to quetiapine. Propranolol 
and anticholinergics (biperiden, pridinol) were ineffective. 
ten years after the disease onset, other minor parkinsonian 
symptoms occurred including asymmetric rigidity and brad-
ykinesia. LD with benserazide 150 mg/day were administered. 
After three months, the patient required hospitalisation in the 
psychiatric department due to acute psychosis. At that time, all 
medications (LD and antipsychotics) were withdrawn (for an 
unknown reason) and she was treated with benzodiazepines. 
However, this resulted in severe exacerbation of the parkinso-
nian symptoms. On admission to the neurology department, 
severe parkinsonian symptoms with predominant bilateral 
resting, postural and kinetic tremor, generalised hypokinesia 

Figure 6. Clinical vignette 2 — abnormal [123I]-FP-CIT SPECT 
(DaTSCAN) bilateral significant reduction of putamen DAT uptake

Table 2. Clinical indications for [123I]-FP-CIT SPECT — DaTSCAN

1. Early onset parkinsonism (especially with dystonia as a first 
symptom)

2. Atypical tremor presentations difficult to distinguish between 
ET and parkinsonism

3. Essential tremor plus

4. Tardive (usually postneuroleptic) parkinsonism or tremor

5. Toxic parkinsonism (manganese e.g. ephedron encephalo-
pathy, carbon monoxide)

6. Vascular and postanoxic parkinsonism

7. Post-traumatic parkinsonism

8. Dystonic tremor in young patients

9. Functional parkinsonism (psychogenic)

10. Functional tremor (psychogenic)

11. Differentiating DLB from AD

12. Isolates RBD

13. Diagnostic accuracy in clinical trials

(inability to walk independently) and muscle rigidity were 
observed (Part III of Unified Parkinson’s Disease Rating Scale 
score of 71 points (UPDRS). LD was re-introduced with 
a satisfactory effect on parkinsonism and without psychotic 
symptoms (UPDRS part III score of 34). She was discharged 
on 500 mg/d LD/benserazide, propranolol 30 mg/d, clozapine 
100 mg/d and trazodone 75 mg/d. Due to the clinical uncer-
tainty, DaTSCAN was later performed with abnormal results 
(Fig. 6) leading to the diagnosis of PD. 
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[74]. [123I]-mIBG is an analogue of noradrenaline, transported 
in the noradrenaline granule at sympathetic nerve terminals; 
it visualises cardiac sympathetic innervation and, in this way, 
reflects cardiac sympathetic integrity, which is preserved in 
AD and also in MSA. Reduced uptake is consistent with the 
loss of sympathetic terminals in the hearts in patients with 
DLB and PD.

It is recommended to avoid taking multiple medications 
that might significantly affect the visual and semiquantitative 
analysis of DaT-binding ligands, before DaTSCAN exami-
nation.

In this regard, patients should be withdrawn from (if 
possible) such medications for at least five half-lives period 
(supplementary material: Table 3). Single administration of 
iodide is recommended at least an hour before injection of 
the radiopharmaceutical to reduce 123I exposure to the thyroid 
gland. Three to six hours are required for the agent to achieve 
appropriate concentration in the brain after the injection of 
the DaT ligand. Acquisition with the gamma camera takes 
about 30–45 minutes.

An array of software tools and methods are used to cal-
culate semiquantification of the ratio activity in the putamen 
and caudate compared the activity in the reference region with 
the lowest number of DaT (occipital lobe). 

Additionally, results are compared to data from the Euro-
pean Normal Control Database of DaTSCAN or the Parkin-
son Progression Markers Initiative, which provides age- and 
gender-specific reference values [75, 76]. This demonstrates 
that normal ageing is associated with about 5.5–6% signal 
loss per decade. PPMI additionally includes data from longi-
tudinal assessment in PD patients showing that SBR (Specific 
Binding Ratio) is approximately 20 times higher compared 
to normal ageing. 

In summary, the addition of quantification to visual analy-
sis increases sensitivity, specificity and reader confidence [77].

This case shows the typical complications of neuroleptic 
therapy (tardive dyskinesia). Neuroleptic treatment was 
probably a trigger that revealed asymptomatic parkinsonism. 
A DaTSCAN performed earlier would have helped to avoid 
hospitalisation and potentially severe consequences.

DaTSCAN should definitely not be used at a patient’s 
request, but rather the decision should be based on clinical 
judgement. It can also be useful in differentiating between 
AD and DLB [71]. In DLB, similar to idiopathic PD and APS, 
the DaTSCAN is abnormal, whereas in AD, the nigrostriatal 
pathway remains intact. Recent diagnostic recommendations 
for DLB suggest that a reduced DaT uptake in the basal 
ganglia, demonstrated by SPECT or PET (positron emis-
sion tomography), is an indicative biomarker. Supportive 
biomarkers include relative preservation of medial temporal 
lobe structures on a CT/MRI scan, generalised low uptake 
on a SPECT/PET perfusion/metabolism scan, and reduced 
occipital activity (the cingulate island sign) on [18F]-fluoro-
deoxyglucose positron emission tomography (FDG-PET) 
imaging [72]. Additionally, newly described specific pattern 
found in DLB and Posterior Cortical Atrophy called the ‘oc-
cipital tunnel’ sign can be useful to distinguish this disease 
from AD. It is recommended, similarly to DaTSCAN, to 
use semiquantitative automated assessment to assist visual 
reading because this provides increased specificity and in-
creased reading confidence, especially for less experienced 
readers [73].

The revised criteria for DLB clearly distinguish between 
clinical features and diagnostic biomarkers. Indicative bio-
markers include reduced DaT uptake in the basal ganglia, 
demonstrated by SPECT or PET, together with a low uptake 
of [123I]-mIBG (meta-iodobenzylguanidine) in myocardial 
scintigraphy imaging [72]. However, up to 10% of patients at 
the time of clinical diagnosis may show normal DaT uptake. In 
these patients, repeating the DaTSCAN should be considered 

Table 3. Medication and drug abuse that may significantly influence visual and quantitative analysis of [123I]-FP-CIT SPECT (modified from Darcourt et al. 
2010) from Morbelli 2020 [69]

Drug class Drug name Effect on striatal [123I] FP-CIT SPECT binding

Cocaine May decrease (2 days)

Amphetamines d-Amphetamine, methamphetamine, methylphe-
nidate

May decrease (7 days)

CNS stimulants Phentermine, ephedrines May decrease, influences are likely when used as tablets (1 day)

Modafinil May decrease (3 days)

Antidepressants Mazindol, bupropion, radafaxine, sertraline May decrease (3 days for mazindol, 8 days for bupropion)

Adrenergic agonists Phenylpherine, norepinephrine May decrease, influences are likely when infused as high doses

Anticholinergic drugs Benztropine may decrease, other anticholinergics may increase 
this ratio, which will likely not affect visual assessments

Opioids Fentanyl May decrease (5 days)

Anesthetics Ketamine, PCP, isoflurane May decrease, of interest particularly for animal  SPECT studies, 
although ketamine and PCP are sometimes used illicitly (1 day)

In brackets, time interval approximately equal to 5 half-times
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Figure 7. Corticobasal degeneration ([99mTc]-HMPAO SPECT) with 
asymmetric perfusion  of basal ganglia and cerebral cortical hypo-
perfusion, mainly expressed in frontotemporal area, contralateral 
to clinically more affected side

SPECT/PET perfusion/metabolism imaging
Neuroimaging with DaTSCAN is limited in the differential 

diagnosis of APS and PD. In this regard, FDG-PET or [99mTc] 
HMPAO/ECD SPECT can be helpful due to disease-specific, 
characteristic patterns of hypometabolism [78] in FDG-PET. 
Currently, the role of FDG-PET in patients with neurodegen-
erative parkinsonian syndromes – especially with dementia – is 
recommend by experts in three clinical scenarios [73, 79]:

 — for differentiating between PD and PSP with a typical pos-
terior pattern of hypoperfusion of the midbrain, anterior 
cingulate, medial frontal cortex, striatum and thalamus (in 
PD — the striatum metabolism is preserved);

 — for suggesting underlying pathophysiology in corticobasal 
degeneration, as FDG- PET scans could help to orient the 
investigation toward the underlying neuropathology (ae-
tiological diagnosing) in corticobasal syndrome: the more 
posterior pattern (parietal and posterior cingulate) typical 
of CBS-AD; the anterior cingulate and caudate hypome-
tabolism typical of CBS-PSP; and the hypometabolism 
of the basal ganglia and the lateralised hypometabolism 
in the cortex in CBS-CBD. A common pattern in CBD is 
characterised by asymmetric basal ganglia and cerebral 
cortical hypometabolism, mainly expressed in the fronto-
parietal area, contralateral to the clinically more affected 
side [80] (Fig. 7);

 — for diagnosis of DLB, as FDG-PET enables differentiation 
between DLB (posterior pattern: lateral temporal, poste-
rior parietal hypometabolism, prominent involvement 
of the lateral and mesial occipital hypometabolism [with 

marked hypometabolism of the praecuneus] with relatively 
preserved posterior cingulate metabolism — the so-called 
‘island’ sign) and AD. This examination is mentioned as 
a supportive feature in the revised diagnostic criteria for 
this disease [72].
Differential diagnosis of PD and MSA-P still remains dif-

ficult in the early stages; cerebellar hypometabolism (although 
typically more for MSA-C) can be visible with FDG-PET, 
which seems to be superior to SPECT perfusion imaging [80]. 

In summary, despite the very limited high-quality evidence 
for the use of FDG-PET, the majority of the panellists shared 
the opinion that FDG-PET is a clinically useful imaging bio-
marker for idiopathic PD and atypical parkinsonism associated 
with dementia [79].

Future directions

Research into the implementation of new MRI techniques 
that could prove useful in the diagnostics of idiopathic 
PD and APS is ongoing, but most of them as yet have only 
group-level diagnostic utility. The wider use of 3T MRI would 
be essential, especially for the assessment of nigrosome-1, as 
a potential marker of SN pathology [81]. However, for DNH 
evaluation there is a need for reproducible and standardised 
MR protocols including new techniques such as susceptibility 
map-weighted imaging (SMWI) or quantitative susceptibility 
mapping (QSM) [33]. 

Conclusions

MRI is a useful tool when the clinical picture suggests 
atypical or symptomatic parkinsonism, especially when LD 
response is limited. The key is to exclude treatable causes of 
parkinsonian symptoms, and therefore we recommend MRI 
scanning for all eligible patients. In future, with the increasing 
availability of 3T MRI scanners, establishing protocols for 
diagnosing nigrosome-1 could help to shape more precise 
diagnoses of PD and APS. DatSCAN should be performed 
in cases of uncertainty, but it should be avoided as a routine 
conformation of PD. 

Hypometabolism of specific brain areas, with character-
istic patterns for APS, may be detected by FDG-PET (SPECT 
perfusion is less sensitive) and helpful in diagnostic work-up, 
but it should be interpreted with caution and always within 
the spectrum of clinical examination. More research is needed 
to prove its utility in clinical practice.

Most importantly, patients should be primarily examined 
by specialists experienced in movement disorders, which 
should result in a significant reduction in the number of 
performed scans. As we mentioned, up to half of patients re-
ferred for this examination by GNs, and further re-examined 
by movement disorder specialists, did not need any scanning 
because their clinical histories and symptoms were sufficient 
to make a proper diagnosis [3]. 
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A network of specialists in movement disorders is required, 
which would enable a better, faster and more precise diagnosis 
of parkinsonism. This would also minimise the costs of un-
necessary tests and enable patients to be treated according to 
the most up-to-date standards [63].

Conflict of the interest: None.
Funding: None.

References

1. Postuma RB, Berg D, Stern M, et al. MDS clinical diagnostic criteria 
for Parkinson’s disease. Mov Disord. 2015; 30(12): 1591–1601, doi: 
10.1002/mds.26424, indexed in Pubmed: 26474316.

2. Araújo R, van Rumund A, Bloem BR. To scan or not to scan your Parkin-
son patient: that is the question! Pract Neurol. 2019; 19(6): 462–464, doi: 
10.1136/practneurol-2019-002339, indexed in Pubmed: 31534023.

3. Gajos A, Dąbrowski J, Bieńkiewicz M, et al. Should non-movement spe-
cialists refer patients for SPECT-DaTSCAN? Neurol Neurochir Pol. 2019; 
53(2): 138–143, doi: 10.5603/PJNNS.a2019.0011, indexed in Pubmed: 
30855703.

4. Berardelli A, Wenning GK, Antonini A, et al. EFNS/MDS-ES/ENS [cor-
rected] recommendations for the diagnosis of Parkinson’s disease. Eur 
J Neurol. 2013; 20(1): 16–34, doi: 10.1111/ene.12022, indexed in 
Pubmed: 23279440.

5. Chaudhuri K, Healy D, Schapira A. Non-motor symptoms of Parkinson’s 
disease: diagnosis and management. The Lancet Neurology. 2006; 5(3): 
235–245, doi: 10.1016/s1474-4422(06)70373-8.

6. Hughes AJ, Daniel SE, Kilford L, et al. Accuracy of clinical diagnosis of 
idiopathic Parkinson’s disease: a clinico-pathological study of 100 cases. 
J Neurol Neurosurg Psychiatry. 1992; 55(3): 181–184, doi: 10.1136/
jnnp.55.3.181, indexed in Pubmed: 1564476.

7. Meara J, Bhowmick BK, Hobson P. Accuracy of diagnosis in patients with 
presumed Parkinson’s disease. Age Ageing. 1999; 28(2): 99–102, doi: 
10.1093/ageing/28.2.99, indexed in Pubmed: 10350403.

8. Schrag A, Ben-Shlomo Y, Quinn N. How valid is the clinical diagnosis 
of Parkinson’s disease in the community? J Neurol Neurosurg Psychia-
try. 2002; 73(5): 529–534, doi: 10.1136/jnnp.73.5.529, indexed in 
Pubmed: 12397145.

9. Pfeiffer RF. Diagnosing Wilson’s Disease under the sword of Da-
mocles. Neurol Neurochir Pol. 2020; 54(5): 364–365, doi: 10.5603/
PJNNS.2020.0086, indexed in Pubmed: 33135151.

10. Antos A, Litwin T, Skowrońska M, et al. Pitfalls in diagnosing Wilson’s 
Disease by genetic testing alone: the case of a 47-year-old woman with 
two pathogenic variants of the ATP7B gene. Neurol Neurochir Pol. 2020; 
54(5): 478–480, doi: 10.5603/PJNNS.a2020.0063, indexed in Pubmed: 
32808274.

11. Skowronska M, Litwin T, Kurkowska-Jastrzębska I, et al. Transcranial so-
nography changes in heterozygotic carriers of the ATP7B gene. Neurol Sci. 
2020; 41(9): 2605–2612, doi: 10.1007/s10072-020-04378-6, indexed 
in Pubmed: 32270360.

12. Bhatia KP, Bain P, Bajaj N, et al. Tremor Task Force of the International 
Parkinson and Movement Disorder Society. Consensus Statement 
on the classification of tremors. from the task force on tremor of the 
International Parkinson and Movement Disorder Society. Mov Disord. 
2018; 33(1): 75–87, doi: 10.1002/mds.27121, indexed in Pubmed: 
29193359.

13. Deuschl G, Bain P, Brin M. Consensus statement of the Movement Disor-
der Society on Tremor. Ad Hoc Scientific Committee. Mov Disord. 1998; 

13 Suppl 3: 2–23, doi: 10.1002/mds.870131303, indexed in Pubmed: 
9827589.

14. Fahn S, Oakes D, Shoulson I, et al. Parkinson Study Group. Levodopa and 
the progression of Parkinson’s disease. N Engl J Med. 2004; 351(24): 
2498–2508, doi: 10.1056/NEJMoa033447, indexed in Pubmed: 
15590952.

15. Bajaj NPS, Gontu V, Birchall J, et al. Accuracy of clinical diagnosis in tremu-
lous parkinsonian patients: a blinded video study. J Neurol Neurosurg Psy-
chiatry. 2010; 81(11): 1223–1228, doi: 10.1136/jnnp.2009.193391, 
indexed in Pubmed: 20547625.

16. Marek K, Seibyl J, Eberly S, et al. Parkinson Study Group PRECEPT 
Investigators. Longitudinal follow-up of SWEDD subjects in the PRE-
CEPT Study. Neurology. 2014; 82(20): 1791–1797, doi: 10.1212/
WNL.0000000000000424, indexed in Pubmed: 24759846.

17. Suwijn SR, van Boheemen CJm, de Haan RJ, et al. The diagnostic accu-
racy of dopamine transporter SPECT imaging to detect nigrostriatal cell 
loss in patients with Parkinson’s disease or clinically uncertain parkin-
sonism: a systematic review. EJNMMI Res. 2015; 5: 12, doi: 10.1186/
s13550-015-0087-1, indexed in Pubmed: 25853018.

18. Suwijn SR, Samim H, Eggers C, et al. Value of clinical signs in identifying 
patients with Scans without Evidence of Dopaminergic Deficit (SWEDD). 
J Parkinsons Dis. 2020; 10(4): 1561–1569, doi: 10.3233/JPD-202090, 
indexed in Pubmed: 32597819.

19. Meijer FJA, Goraj B, Bloem BR, et al. Clinical application of brain MRI in 
the diagnostic work-up of parkinsonism. J Parkinsons Dis. 2017; 7(2): 
211–217, doi: 10.3233/JPD-150733, indexed in Pubmed: 28282809.

20. Booij J, Tissingh G, Winogrodzka A, et al. Practical benefit of [123I]FP-CIT 
SPET in the demonstration of the dopaminergic deficit in Parkinson’s dis-
ease. Eur J Nucl Med. 1997; 24(1): 68–71, doi: 10.1007/BF01728311, 
indexed in Pubmed: 9044880.

21. McKeith I, O’Brien J, Walker Z, et al. DLB Study Group. Sensitivity and 
specificity of dopamine transporter imaging with 123I-FP-CIT SPECT in 
dementia with Lewy bodies: a phase III, multicentre study. Lancet Neurol. 
2007; 6(4): 305–313, doi: 10.1016/S1474-4422(07)70057-1, indexed 
in Pubmed: 17362834.

22. Blocq P, Blocq G. Sur un cas de tremblement parkinsonienhémiplégique 
symptomatique d’une tumeur du pédoncule cerebral. ComptesRendus 
Séances Société Biol5. 1893: 105–111.

23. NICE guideline [NG71], Parkinson’s disease in adults. https://www.nice.
org.uk/guidance/ng71 (19 July 2017).

24. Rektor I, Bohnen NI, Korczyn AD, et al. An updated diagnostic approach 
to subtype definition of vascular parkinsonism - Recommendations from 
an expert working group. Parkinsonism Relat Disord. 2018; 49: 9–16, 
doi: 10.1016/j.parkreldis.2017.12.030, indexed in Pubmed: 29310988.

25. Salomão RP, Pedroso JL, Gama MT, et al. A diagnostic approach for 
neurodegeneration with brain iron accumulation: clinical features, genet-
ics and brain imaging. Arq Neuropsiquiatr. 2016; 74(7): 587–596, doi: 
10.1590/0004-282X20160080, indexed in Pubmed: 27487380.

26. Yu XE, Gao S, Yang RM, et al. MR Imaging of the Brain in Neurologic 
Wilson Disease. AJNR Am J Neuroradiol. 2019; 40(1): 178–183, doi: 
10.3174/ajnr.A5936, indexed in Pubmed: 30635331.

27. Cersosimo MG, Koller WC. The diagnosis of manganese-induced parkin-
sonism. Neurotoxicology. 2006; 27(3): 340–346, doi: 10.1016/j.neu-
ro.2005.10.006, indexed in Pubmed: 16325915.

28. Pavese N, Tai YF. Nigrosome imaging and neuromelanin sensitive MRI in 
diagnostic evaluation of parkinsonism. Mov Disord Clin Pract. 2018; 5(2): 
131–140, doi: 10.1002/mdc3.12590, indexed in Pubmed: 30363419.

29. Schwarz ST, Afzal M, Morgan PS, et al. The ‘swallow tail’ appearance 
of the healthy nigrosome - a new accurate test of Parkinson’s disease: 
a case-control and retrospective cross-sectional MRI study at 3T. PLoS 

http://dx.doi.org/10.1002/mds.26424
https://www.ncbi.nlm.nih.gov/pubmed/26474316
http://dx.doi.org/10.1136/practneurol-2019-002339
https://www.ncbi.nlm.nih.gov/pubmed/31534023
http://dx.doi.org/10.5603/PJNNS.a2019.0011
https://www.ncbi.nlm.nih.gov/pubmed/30855703
http://dx.doi.org/10.1111/ene.12022
https://www.ncbi.nlm.nih.gov/pubmed/23279440
http://dx.doi.org/10.1016/s1474-4422(06)70373-8
http://dx.doi.org/10.1136/jnnp.55.3.181
http://dx.doi.org/10.1136/jnnp.55.3.181
https://www.ncbi.nlm.nih.gov/pubmed/1564476
http://dx.doi.org/10.1093/ageing/28.2.99
https://www.ncbi.nlm.nih.gov/pubmed/10350403
http://dx.doi.org/10.1136/jnnp.73.5.529
https://www.ncbi.nlm.nih.gov/pubmed/12397145
http://dx.doi.org/10.5603/PJNNS.2020.0086
http://dx.doi.org/10.5603/PJNNS.2020.0086
https://www.ncbi.nlm.nih.gov/pubmed/33135151
http://dx.doi.org/10.5603/PJNNS.a2020.0063
https://www.ncbi.nlm.nih.gov/pubmed/32808274
http://dx.doi.org/10.1007/s10072-020-04378-6
https://www.ncbi.nlm.nih.gov/pubmed/32270360
http://dx.doi.org/10.1002/mds.27121
https://www.ncbi.nlm.nih.gov/pubmed/29193359
http://dx.doi.org/10.1002/mds.870131303
https://www.ncbi.nlm.nih.gov/pubmed/9827589
http://dx.doi.org/10.1056/NEJMoa033447
https://www.ncbi.nlm.nih.gov/pubmed/15590952
http://dx.doi.org/10.1136/jnnp.2009.193391
https://www.ncbi.nlm.nih.gov/pubmed/20547625
http://dx.doi.org/10.1212/WNL.0000000000000424
http://dx.doi.org/10.1212/WNL.0000000000000424
https://www.ncbi.nlm.nih.gov/pubmed/24759846
http://dx.doi.org/10.1186/s13550-015-0087-1
http://dx.doi.org/10.1186/s13550-015-0087-1
https://www.ncbi.nlm.nih.gov/pubmed/25853018
http://dx.doi.org/10.3233/JPD-202090
https://www.ncbi.nlm.nih.gov/pubmed/32597819
http://dx.doi.org/10.3233/JPD-150733
https://www.ncbi.nlm.nih.gov/pubmed/28282809
http://dx.doi.org/10.1007/BF01728311
https://www.ncbi.nlm.nih.gov/pubmed/9044880
http://dx.doi.org/10.1016/S1474-4422(07)70057-1
https://www.ncbi.nlm.nih.gov/pubmed/17362834
https://www.nice.org.uk/guidance/ng71
https://www.nice.org.uk/guidance/ng71
http://dx.doi.org/10.1016/j.parkreldis.2017.12.030
https://www.ncbi.nlm.nih.gov/pubmed/29310988
http://dx.doi.org/10.1590/0004-282X20160080
https://www.ncbi.nlm.nih.gov/pubmed/27487380
http://dx.doi.org/10.3174/ajnr.A5936
https://www.ncbi.nlm.nih.gov/pubmed/30635331
http://dx.doi.org/10.1016/j.neuro.2005.10.006
http://dx.doi.org/10.1016/j.neuro.2005.10.006
https://www.ncbi.nlm.nih.gov/pubmed/16325915
http://dx.doi.org/10.1002/mdc3.12590
https://www.ncbi.nlm.nih.gov/pubmed/30363419


547www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Katarzyna Śmiłowska et al., Neuroimaging in Parkinson’s Disease: necessity or exaggeration?

One. 2014; 9(4): e93814, doi: 10.1371/journal.pone.0093814, inde-
xed in Pubmed: 24710392.

30. Mahlknecht P, Krismer F, Poewe W, et al. Meta-analysis of dorsolateral 
nigral hyperintensity on magnetic resonance imaging as a marker 
for Parkinson’s disease. Mov Disord. 2017; 32(4): 619–623, doi: 
10.1002/mds.26932, indexed in Pubmed: 28151553.

31. Stezin A, Naduthota RM, Botta R, et al. Clinical utility of visualisa-
tion of nigrosome-1 in patients with Parkinson’s disease. Eur Radiol. 
2018; 28(2): 718–726, doi: 10.1007/s00330-017-4950-5, indexed 
in Pubmed: 28779393.

32. Hernadi G, Pinter D, Nagy SA, et al. Fast 3 T nigral hyperintensity mag-
netic resonance imaging in Parkinson’s disease. Sci Rep. 2021; 11(1): 
1179, doi: 10.1038/s41598-020-80836-7, indexed in Pubmed: 
33441889.

33. Cheng Z, He N, Huang P, et al. Imaging the Nigrosome 1 in the sub-
stantia nigra using susceptibility weighted imaging and quantitative 
susceptibility mapping: An application to Parkinson’s disease. Neu-
roimage Clin. 2020; 25: 102103, doi: 10.1016/j.nicl.2019.102103, 
indexed in Pubmed: 31869769.

34. Noh Y, Sung YH, Lee J, et al. Nigrosome 1 Detection at 3T MRI for the 
diagnosis of early-stage idiopathic Parkinson disease: assessment of 
diagnostic accuracy and agreement on imaging asymmetry and clini-
cal laterality. AJNR Am J Neuroradiol. 2015; 36(11): 2010–2016, doi: 
10.3174/ajnr.A4412, indexed in Pubmed: 26294646.

35. De Marzi R, Seppi K, Högl B, et al. Loss of dorsolateral nigral hyper-
intensity on 3.0 tesla susceptibility-weighted imaging in idiopathic 
rapid eye movement sleep behavior disorder. Ann Neurol. 2016; 
79(6): 1026–1030, doi: 10.1002/ana.24646, indexed in Pubmed: 
27016314.

36. Barber TR, Griffanti L, Bradley KM, et al. Nigrosome 1 imaging in 
REM sleep behavior disorder and its association with dopaminergic 
decline. Ann Clin Transl Neurol. 2020; 7(1): 26–35, doi: 10.1002/
acn3.50962, indexed in Pubmed: 31820587.

37. Calloni SF, Conte G, Sbaraini S, et al. Multiparametric MR imaging of 
Parkinsonisms at 3 tesla: Its role in the differentiation of idiopathic 
Parkinson’s disease versus atypical Parkinsonian disorders. Eur J Ra-
diol. 2018; 109: 95–100, doi: 10.1016/j.ejrad.2018.10.032, indexed 
in Pubmed: 30527319.

38. Kim JM, Jeong HJ, Bae YJ, et al. Loss of substantia nigra hyperintensity 
on 7 Tesla MRI of Parkinson’s disease, multiple system atrophy, and 
progressive supranuclear palsy. Parkinsonism Relat Disord. 2016; 26: 
47–54, doi: 10.1016/j.parkreldis.2016.01.023, indexed in Pubmed: 
26951846.

39. Bae YJ, Kim JM, Kim E, et al. Loss of nigral hyperintensity on 3 Tesla 
MRI of parkinsonism: comparison with (123) I-FP-CIT SPECT. Mov 
Disord. 2016; 31(5): 684–692, doi: 10.1002/mds.26584, indexed 
in Pubmed: 26990970.

40. Kamagata K, Nakatsuka T, Sakakibara R, et al. Diagnostic imaging 
of dementia with Lewy bodies by susceptibility-weighted imaging of 
nigrosomes versus striatal dopamine transporter single-photon emis-
sion computed tomography: a retrospective observational study. Neu-
roradiology. 2017; 59(1): 89–98, doi: 10.1007/s00234-016-1773-z, 
indexed in Pubmed: 28035426.

41. Sung YH, Noh Y, Lee J, et al. Drug-induced Parkinsonism versus Idio-
pathic Parkinson Disease: utility of nigrosome 1 with 3-T Imaging. Ra-
diology. 2016; 279(3): 849–858, doi: 10.1148/radiol.2015151466, 
indexed in Pubmed: 26690908.

42. Reiter E, Mueller C, Pinter B, et al. Dorsolateral nigral hyperintensity on 
3.0T susceptibility-weighted imaging in neurodegenerative Parkinson-

ism. Mov Disord. 2015; 30(8): 1068–1076, doi: 10.1002/mds.26171, 
indexed in Pubmed: 25773707.

43. Wang Na, Yang H, Li C, et al. Using ‘swallow-tail’ sign and putaminal 
hypointensity as biomarkers to distinguish multiple system atrophy 
from idiopathic Parkinson’s disease: A susceptibility-weighted imaging 
study. Eur Radiol. 2017; 27(8): 3174–3180, doi: 10.1007/s00330-
017-4743-x, indexed in Pubmed: 28105503.

44. Perez Akly MS, Stefani CV, Ciancaglini L, et al. Accuracy of nigro-
some-1 detection to discriminate patients with Parkinson’s disease 
and essential tremor. Neuroradiol J. 2019; 32(6): 395–400, doi: 
10.1177/1971400919853787, indexed in Pubmed: 31149866.

45. Kim EY, Sung YH, Lee J. Nigrosome 1 imaging: technical considerations 
and clinical applications. Br J Radiol. 2019; 92(1101): 20180842, doi: 
10.1259/bjr.20180842, indexed in Pubmed: 31067082.

46. Dąbrowska M, Schinwelski M, Sitek EJ, et al. The role of neuroimaging 
in the diagnosis of the atypical parkinsonian syndromes in clinical 
practice. Neurol Neurochir Pol. 2015; 49(6): 421–431, doi: 10.1016/j.
pjnns.2015.10.002, indexed in Pubmed: 26652877.

47. Seppi KM. Magnetic resonance imaging of multiple system atrophy. 
Magn. Reson. imaging Mov. Disord. A Guid. Clin. Sci., Cambridge Univ. 
Press, 2013. : 167–203.

48. Rizzo G, Zanigni S, De Blasi R, et al. Brain MR Contribution to the 
Differential Diagnosis of Parkinsonian Syndromes: An Update. Par-
kinsons Dis. 2016; 2016: 2983638, doi: 10.1155/2016/2983638, 
indexed in Pubmed: 27774334.

49. Tha KK, Terae S, Tsukahara A, et al. Hyperintense putaminal rim at 1.5 
T: prevalence in normal subjects and distinguishing features from mul-
tiple system atrophy. BMC Neurol. 2012; 12: 39, doi: 10.1186/1471-
2377-12-39, indexed in Pubmed: 22708511.

50. Feng JY, Huang B, Yang WQ, et al. The putaminal abnormalities on 
3.0T magnetic resonance imaging: can they separate parkinsonism-
predominant multiple system atrophy from Parkinson’s disease? Acta 
Radiol. 2015; 56(3): 322–328, doi: 10.1177/0284185114524090, 
indexed in Pubmed: 24619850.

51. Heim B, Krismer F, Seppi K. Structural imaging in atypical parkin-
sonism. Int Rev Neurobiol. 2018; 142: 67–148, doi: 10.1016/
bs.irn.2018.08.010, indexed in Pubmed: 30409261.

52. Watanabe H, Saito Y, Terao S, et al. Progression and prognosis in 
multiple system atrophy: an analysis of 230 Japanese patients. Brain. 
2002; 125(Pt 5): 1070–1083, doi: 10.1093/brain/awf117, indexed 
in Pubmed: 11960896.

53. Lee JY, Yun JiY, Shin CW, et al. Putaminal abnormality on 3-T magnetic 
resonance imaging in early parkinsonism-predominant multiple sys-
tem atrophy. J Neurol. 2010; 257(12): 2065–2070, doi: 10.1007/
s00415-010-5661-x, indexed in Pubmed: 20652301.

54. Picillo M, Tepedino MF, Abate F, et al. Midbrain MRI assessments in 
progressive supranuclear palsy subtypes. J Neurol Neurosurg Psychia-
try. 2020; 91(1): 98–103, doi: 10.1136/jnnp-2019-321354, indexed 
in Pubmed: 31527182.

55. Mueller C, Hussl A, Krismer F, et al. The diagnostic accuracy of the 
hummingbird and morning glory sign in patients with neurodegenera-
tive parkinsonism. Parkinsonism Relat Disord. 2018; 54: 90–94, doi: 
10.1016/j.parkreldis.2018.04.005, indexed in Pubmed: 29643007.

56. Bacchi S, Chim I, Patel S. Specificity and sensitivity of magnetic 
resonance imaging findings in the diagnosis of progressive supra-
nuclear palsy. J Med Imaging Radiat Oncol. 2018; 62(1): 21–31, doi: 
10.1111/1754-9485.12613, indexed in Pubmed: 28432758.

57. Zanigni S, Calandra-Buonaura G, Manners DN, et al. Accuracy of 
MR markers for differentiating Progressive Supranuclear Palsy from 

http://dx.doi.org/10.1371/journal.pone.0093814
https://www.ncbi.nlm.nih.gov/pubmed/24710392
http://dx.doi.org/10.1002/mds.26932
https://www.ncbi.nlm.nih.gov/pubmed/28151553
http://dx.doi.org/10.1007/s00330-017-4950-5
https://www.ncbi.nlm.nih.gov/pubmed/28779393
http://dx.doi.org/10.1038/s41598-020-80836-7
https://www.ncbi.nlm.nih.gov/pubmed/33441889
http://dx.doi.org/10.1016/j.nicl.2019.102103
https://www.ncbi.nlm.nih.gov/pubmed/31869769
http://dx.doi.org/10.3174/ajnr.A4412
https://www.ncbi.nlm.nih.gov/pubmed/26294646
http://dx.doi.org/10.1002/ana.24646
https://www.ncbi.nlm.nih.gov/pubmed/27016314
http://dx.doi.org/10.1002/acn3.50962
http://dx.doi.org/10.1002/acn3.50962
https://www.ncbi.nlm.nih.gov/pubmed/31820587
http://dx.doi.org/10.1016/j.ejrad.2018.10.032
https://www.ncbi.nlm.nih.gov/pubmed/30527319
http://dx.doi.org/10.1016/j.parkreldis.2016.01.023
https://www.ncbi.nlm.nih.gov/pubmed/26951846
http://dx.doi.org/10.1002/mds.26584
https://www.ncbi.nlm.nih.gov/pubmed/26990970
http://dx.doi.org/10.1007/s00234-016-1773-z
https://www.ncbi.nlm.nih.gov/pubmed/28035426
http://dx.doi.org/10.1148/radiol.2015151466
https://www.ncbi.nlm.nih.gov/pubmed/26690908
http://dx.doi.org/10.1002/mds.26171
https://www.ncbi.nlm.nih.gov/pubmed/25773707
http://dx.doi.org/10.1007/s00330-017-4743-x
http://dx.doi.org/10.1007/s00330-017-4743-x
https://www.ncbi.nlm.nih.gov/pubmed/28105503
http://dx.doi.org/10.1177/1971400919853787
https://www.ncbi.nlm.nih.gov/pubmed/31149866
http://dx.doi.org/10.1259/bjr.20180842
https://www.ncbi.nlm.nih.gov/pubmed/31067082
http://dx.doi.org/10.1016/j.pjnns.2015.10.002
http://dx.doi.org/10.1016/j.pjnns.2015.10.002
https://www.ncbi.nlm.nih.gov/pubmed/26652877
http://dx.doi.org/10.1155/2016/2983638
https://www.ncbi.nlm.nih.gov/pubmed/27774334
http://dx.doi.org/10.1186/1471-2377-12-39
http://dx.doi.org/10.1186/1471-2377-12-39
https://www.ncbi.nlm.nih.gov/pubmed/22708511
http://dx.doi.org/10.1177/0284185114524090
https://www.ncbi.nlm.nih.gov/pubmed/24619850
http://dx.doi.org/10.1016/bs.irn.2018.08.010
http://dx.doi.org/10.1016/bs.irn.2018.08.010
https://www.ncbi.nlm.nih.gov/pubmed/30409261
http://dx.doi.org/10.1093/brain/awf117
https://www.ncbi.nlm.nih.gov/pubmed/11960896
http://dx.doi.org/10.1007/s00415-010-5661-x
http://dx.doi.org/10.1007/s00415-010-5661-x
https://www.ncbi.nlm.nih.gov/pubmed/20652301
http://dx.doi.org/10.1136/jnnp-2019-321354
https://www.ncbi.nlm.nih.gov/pubmed/31527182
http://dx.doi.org/10.1016/j.parkreldis.2018.04.005
https://www.ncbi.nlm.nih.gov/pubmed/29643007
http://dx.doi.org/10.1111/1754-9485.12613
https://www.ncbi.nlm.nih.gov/pubmed/28432758


548

Neurologia i Neurochirurgia Polska 2021, vol. 55, no. 6

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Parkinson’s disease. Neuroimage Clin. 2016; 11: 736–742, doi: 
10.1016/j.nicl.2016.05.016, indexed in Pubmed: 27330973.

58. Massey LA, Jäger HR, Paviour DC, et al. The midbrain to pons ra-
tio: a simple and specific MRI sign of progressive supranuclear 
palsy. Neurology. 2013; 80(20): 1856–1861, doi: 10.1212/
WNL.0b013e318292a2d2, indexed in Pubmed: 23616165.

59. Quattrone A, Nicoletti G, Messina D, et al. MR imaging index for dif-
ferentiation of progressive supranuclear palsy from Parkinson disease 
and the Parkinson variant of multiple system atrophy. Radiology. 
2008; 246(1): 214–221, doi: 10.1148/radiol.2453061703, indexed 
in Pubmed: 17991785.

60. Oba H, Yagishita A, Terada H, et al. New and reliable MRI diagnosis 
for progressive supranuclear palsy. Neurology. 2005; 64(12): 2050–
2055, doi: 10.1212/01.WNL.0000165960.04422.D0, indexed in 
Pubmed: 15985570.

61. Cooperrider J, Bluett B, Jones SE. Methods and utility of quantitative 
brainstem measurements in progressive supranuclear palsy versus 
Parkinson’s disease in a routine clinical setting. Clin Park Relat Disord. 
2020; 3: 100033, doi: 10.1016/j.prdoa.2020.100033, indexed in 
Pubmed: 34316619.

62. Picillo M, Abate F, Ponticorvo S, et al. Association of MRI measures with 
disease severity and progression in progressive supranuclear palsy. 
Front Neurol. 2020; 11: 603161, doi: 10.3389/fneur.2020.603161, 
indexed in Pubmed: 33281738.

63. Tamás G, Fabbri M, Falup-Pecurariu C, et al. Lack of accredited clinical 
training in movement disorders in Europe, Egypt, and Tunisia. J Par-
kinsons Dis. 2020; 10(4): 1833–1843, doi: 10.3233/JPD-202000, 
indexed in Pubmed: 32651331.

64. Watanabe H, Riku Y, Hara K, et al. Clinical and imaging features of 
multiple system atrophy: Challenges for an early and clinically defini-
tive diagnosis. J Mov Disord. 2018; 11(3): 107–120, doi: 10.14802/
jmd.18020, indexed in Pubmed: 30086614.

65. Sławek J, Lass P. Psychiatric disorders in parkinsonian syndromes-
nuclear medicine contribution. Nuclear Medicine in Psychiatry. 2004: 
201–232, doi: 10.1007/978-3-642-18773-5_14.

66. Gajos A, Dąbrowski J, Bieńkiewicz M, et al. The symptoms asymmetry of 
drug-induced parkinsonism is not related to nigrostriatal cell degenera-
tion: a SPECT-DaTSCAN study. Neurol Neurochir Pol. 2019; 53(4): 311–
314, doi: 10.5603/PJNNS.a2019.0031, indexed in Pubmed: 31441498.

67. Cordes M, Henkes H, Laudahn D, et al. Initial experience with SPECT 
examinations using [123I]IBZM as a D2-dopamine receptor antago-
nist in Parkinson’s disease. European Journal of Radiology. 1991; 
12(3): 182–186, doi: 10.1016/0720-048x(91)90069-8.

68. Höglinger GU, Respondek G, Stamelou M, et al. Movement Disorder 
Society-endorsed PSP Study Group. Clinical diagnosis of progressive 
supranuclear palsy: The movement disorder society criteria. Mov Di-
sord. 2017; 32(6): 853–864, doi: 10.1002/mds.26987, indexed in 
Pubmed: 28467028.

69. Morbelli S, Esposito G, Arbizu J, et al. EANM practice guideline/SNMMI 
procedure standard for dopaminergic imaging in Parkinsonian syn-
dromes 1.0. Eur J Nucl Med Mol Imaging. 2020; 47(8): 1885–1912, 
doi: 10.1007/s00259-020-04817-8, indexed in Pubmed: 32388612.

70. Schneider SA, Edwards MJ, Mir P, et al. Patients with adult-onset 
dystonic tremor resembling parkinsonian tremor have scans with-
out evidence of dopaminergic deficit (SWEDDs). Mov Disord. 2007; 
22(15): 2210–2215, doi: 10.1002/mds.21685, indexed in Pubmed: 
17712858.

71. Thomas AJ, Donaghy P, Roberts G, et al. Diagnostic accuracy of dopa-
minergic imaging in prodromal dementia with Lewy bodies. Psychol 
Med. 2019; 49(3): 396–402, doi: 10.1017/S0033291718000995, 
indexed in Pubmed: 29692275.

72. McKeith IG, Boeve BF, Dickson DW, et al. Diagnosis and manage-
ment of dementia with Lewy bodies: Fourth consensus report of the 
DLB Consortium. Neurology. 2017; 89(1): 88–100, doi: 10.1212/
WNL.0000000000004058, indexed in Pubmed: 28592453.

73. Nobili F, Arbizu J, Bouwman F, et al. EANM-EAN Task Force for the 
Prescription of FDG-PET for Dementing Neurodegenerative Disorders. 
European Association of Nuclear Medicine and European Academy 
of Neurology recommendations for the use of brain F-fluorodeoxyglu-
cose positron emission tomography in neurodegenerative cognitive 
impairment and dementia: Delphi consensus. Eur J Neurol. 2018; 
25(10): 1201–1217, doi: 10.1111/ene.13728, indexed in Pubmed: 
29932266.

74. van der Zande JJ, Booij J, Scheltens P, et al. [(123)]FP-CIT SPECT 
scans initially rated as normal became abnormal over time in patients 
with probable dementia with Lewy bodies. Eur J Nucl Med Mol Imag-
ing. 2016; 43(6): 1060–1066, doi: 10.1007/s00259-016-3312-x, 
indexed in Pubmed: 26830298.

75. Varrone A, Dickson JC, Tossici-Bolt L, et al. European multicentre 
database of healthy controls for [123I]FP-CIT SPECT (ENC-DAT): age-
related effects, gender differences and evaluation of different meth-
ods of analysis. Eur J Nucl Med Mol Imaging. 2013; 40(2): 213–227, 
doi: 10.1007/s00259-012-2276-8, indexed in Pubmed: 23160999.

76. Parkinson Progression Marker Initiative. The Parkinson progression 
marker initiative (PPMI). Prog Neurobiol. 2011; 95(4): 629–635, doi: 
10.1016/j.pneurobio.2011.09.005, indexed in Pubmed: 21930184.

77. Booij J, Dubroff J, Pryma D, et al. Diagnostic performance of the visual 
reading of I-Ioflupane SPECT images with or without quantification in 
patients with movement disorders or dementia. J Nucl Med. 2017; 
58(11): 1821–1826, doi: 10.2967/jnumed.116.189266, indexed in 
Pubmed: 28473597.

78. Booij J, Teune LK, Verberne HJ. The role of molecular imaging in the 
differential diagnosis of parkinsonism. Q J Nucl Med Mol Imaging. 
2012; 56(1): 17–26, indexed in Pubmed: 22460157.

79. Walker Z, Gandolfo F, Orini S, et al. EANM-EAN Task Force for the 
recommendation of FDG PET for Dementing Neurodegenerative Dis-
orders. Clinical utility of FDG PET in Parkinson’s disease and atypical 
parkinsonism associated with dementia. Eur J Nucl Med Mol Imag-
ing. 2018; 45(9): 1534–1545, doi: 10.1007/s00259-018-4031-2, 
indexed in Pubmed: 29779045.

80. Barc K, Kuźma-Kozakiewicz M. Positron emission tomography neuro-
imaging in neurodegenerative diseases: Alzheimer’s disease, Parkin-
son’s disease, and amyotrophic lateral sclerosis. Neurol Neurochir Pol. 
2019; 53(2): 99–112, doi: 10.5603/PJNNS.a2019.0013, indexed in 
Pubmed: 30855701.

81. Chougar L, Pyatigorskaya N, Degos B, et al. The role of magnetic 
resonance imaging for the diagnosis of atypical parkinsonism. Front 
Neurol. 2020; 11: 665, doi: 10.3389/fneur.2020.00665, indexed in 
Pubmed: 32765399.

82. Shrivastava A. The hot cross bun sign. Radiology. 2007; 245(2): 
606–607, doi: 10.1148/radiol.2452041856, indexed in Pubmed: 
17940314.

83. Whitwell JL, Weigand SD, Shiung MM, et al. Focal atrophy in dementia 
with Lewy bodies on MRI: a distinct pattern from Alzheimer’s disease. 
Brain. 2007; 130(Pt 3): 708–719, doi: 10.1093/brain/awl388, inde-
xed in Pubmed: 17267521.

84. Taylor JP, O’Brien J. Neuroimaging of dementia with Lewy bodies. 
Neuroimaging Clin N Am. 2012; 22(1): 67–81, viii, doi: 10.1016/j.
nic.2011.11.001, indexed in Pubmed: 22284734.

85. Tokumaru AM, O’uchi T, Kuru Y, et al. Corticobasal degeneration: 
MR with histopathologic comparison. AJNR Am J Neuroradiol. 1996; 
17(10): 1849–1852, indexed in Pubmed: 8933868.
 

http://dx.doi.org/10.1016/j.nicl.2016.05.016
https://www.ncbi.nlm.nih.gov/pubmed/27330973
http://dx.doi.org/10.1212/WNL.0b013e318292a2d2
http://dx.doi.org/10.1212/WNL.0b013e318292a2d2
https://www.ncbi.nlm.nih.gov/pubmed/23616165
http://dx.doi.org/10.1148/radiol.2453061703
https://www.ncbi.nlm.nih.gov/pubmed/17991785
http://dx.doi.org/10.1212/01.WNL.0000165960.04422.D0
https://www.ncbi.nlm.nih.gov/pubmed/15985570
http://dx.doi.org/10.1016/j.prdoa.2020.100033
https://www.ncbi.nlm.nih.gov/pubmed/34316619
http://dx.doi.org/10.3389/fneur.2020.603161
https://www.ncbi.nlm.nih.gov/pubmed/33281738
http://dx.doi.org/10.3233/JPD-202000
https://www.ncbi.nlm.nih.gov/pubmed/32651331
http://dx.doi.org/10.14802/jmd.18020
http://dx.doi.org/10.14802/jmd.18020
https://www.ncbi.nlm.nih.gov/pubmed/30086614
http://dx.doi.org/10.1007/978-3-642-18773-5_14
http://dx.doi.org/10.5603/PJNNS.a2019.0031
https://www.ncbi.nlm.nih.gov/pubmed/31441498
http://dx.doi.org/10.1016/0720-048x(91)90069-8
http://dx.doi.org/10.1002/mds.26987
https://www.ncbi.nlm.nih.gov/pubmed/28467028
http://dx.doi.org/10.1007/s00259-020-04817-8
https://www.ncbi.nlm.nih.gov/pubmed/32388612
http://dx.doi.org/10.1002/mds.21685
https://www.ncbi.nlm.nih.gov/pubmed/17712858
http://dx.doi.org/10.1017/S0033291718000995
https://www.ncbi.nlm.nih.gov/pubmed/29692275
http://dx.doi.org/10.1212/WNL.0000000000004058
http://dx.doi.org/10.1212/WNL.0000000000004058
https://www.ncbi.nlm.nih.gov/pubmed/28592453
http://dx.doi.org/10.1111/ene.13728
https://www.ncbi.nlm.nih.gov/pubmed/29932266
http://dx.doi.org/10.1007/s00259-016-3312-x
https://www.ncbi.nlm.nih.gov/pubmed/26830298
http://dx.doi.org/10.1007/s00259-012-2276-8
https://www.ncbi.nlm.nih.gov/pubmed/23160999
http://dx.doi.org/10.1016/j.pneurobio.2011.09.005
https://www.ncbi.nlm.nih.gov/pubmed/21930184
http://dx.doi.org/10.2967/jnumed.116.189266
https://www.ncbi.nlm.nih.gov/pubmed/28473597
https://www.ncbi.nlm.nih.gov/pubmed/22460157
http://dx.doi.org/10.1007/s00259-018-4031-2
https://www.ncbi.nlm.nih.gov/pubmed/29779045
http://dx.doi.org/10.5603/PJNNS.a2019.0013
https://www.ncbi.nlm.nih.gov/pubmed/30855701
http://dx.doi.org/10.3389/fneur.2020.00665
https://www.ncbi.nlm.nih.gov/pubmed/32765399
http://dx.doi.org/10.1148/radiol.2452041856
https://www.ncbi.nlm.nih.gov/pubmed/17940314
http://dx.doi.org/10.1093/brain/awl388
https://www.ncbi.nlm.nih.gov/pubmed/17267521
http://dx.doi.org/10.1016/j.nic.2011.11.001
http://dx.doi.org/10.1016/j.nic.2011.11.001
https://www.ncbi.nlm.nih.gov/pubmed/22284734
https://www.ncbi.nlm.nih.gov/pubmed/8933868

