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Abstract

The differential diagnosis of atypical parkinsonian syndromes is challenging. These severe and 

often rapidly progressive neurodegenerative disorders are clinically heterogeneous and show 

significant phenotypic overlap. Here, clinical, imaging, neuropathological and genetic features of 

multiple system atrophy, progressive supranuclear palsy, corticobasal degeneration and 

frontotemporal lobar degeneration (FTLD) are reviewed. The terms corticobasal degeneration and 

FTLD refer to pathologically confirmed cases of corticobasal syndrome and frontotemporal 

dementia (FTD). Frontotemporal lobar degeneration clinically presents as the behavioral variant 

FTD, semantic variant primary progressive aphasia (PPA), non-fluent agrammatic variant PPA, 

logopenic variant PPA and FTD associated with motor neuron disease. While progressive 

supranuclear palsy and corticobasal syndrome have been called Parkinson-plus syndromes in the 

past, they are now classified as FTD-related disorders, reflecting that they pathologically differ 

from α-synucleinopathies like multiple system atrophy and Parkinson disease. The contribution of 

genetic factors to atypical parkinsonian syndromes is increasingly recognized. Genes involved in 

the etiology of FTLD include MAPT, GRN and C9orf72. Novel neuroimaging techniques, 

including tau positron emission tomography imaging, are being investigated. Multimodal magnetic 

resonance imaging approaches and automated magnetic resonance imaging volume segmentation 

techniques are being evaluated for optimized differential diagnosis. Current treatment options are 

symptomatic, and disease modifying therapies are under active investigation.
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Introduction

The accurate diagnosis of atypical parkinsonism is challenging even for movement disorder 

specialists, especially in early disease stages. Parkinsonism can be the main presentation or 

an accompanying sign of multiple system atrophy (MSA), progressive supranuclear palsy 

(PSP), corticobasal degeneration (CBD) and frontotemporal lobar degeneration (FTLD). The 

terms CBD and FTLD are used to describe pathologically confirmed cases of corticobasal 

syndrome (CBS) and frontotemporal dementia (FTD). It may even be challenging to 

differentiate atypical parkinsonism from Parkinson disease (PD). The current clinical 

classification of FTLD consists of behavioral variant frontotemporal dementia (bvFTD), 

semantic variant primary progressive aphasia (svPPA), non-fluent agrammatic variant PPA 

(navPPA), logopenic variant PPA (lvPPA) and FTD associated with motor neuron disease 

(FTD-MND). CBD and PSP are classified as FTD-related disorders due to their underlying 

tau pathology. The wide variety of phenotypes encountered in atypical parkinsonism is 

increasingly recognized. Here the clinical, imaging, genetic and pathological aspects of 

MSA, PSP, CBD and FTLD are reviewed.

Epidemiology

Estimates of prevalence, age at onset and survival in rare atypical parkinsonian syndromes 

and FTD vary. In European studies, MSA had an incidence of 0.6/100 000, a prevalence of 

1.9–4.9/100 000, a mean age of onset of 55 years and a median survival of 7–10 years [1–3]. 

In the USA, the incidence was 0.6–0.7/100 000, and the prevalence was 3.4–4.9/100 000 

[4,5]. A study from Iceland found similar estimates (incidence 0.7/100 000, prevalence 

3.4/100 000) [6]. The sex distribution is even. FTD is the second most common cause of 

neurodegenerative dementia with early onset (i.e. before age 65) after Alzheimer’s disease 

(AD) [7]. The prevalence of FTD, comprising bvFTD and PPA, was highest in patients aged 

45–64 years (15–22/100 000 individuals); 30% of FTD patients were above age 65 years, 

and 10% were below age 45 years [7]. Its prevalence may be underestimated [7,8]. The 

incidence of FTD was estimated between 1.61–4.1/100 000 [7,9]. Both sexes were affected 

approximately equally [10]. The diagnosis of bvFTD was found to be four times more 

common than PPA [10]. The prevalence of FTD, CBS and PSP was 10.8/100 000, with a 

peak age-adjusted prevalence of 42.6/100 000 at ages 65–69 years [9]. PSP had an estimated 

prevalence of 5.8–6.5/100 000 [11], a mean age of onset of 65–68 years and also an even sex 

distribution. Median survival is 6–10 years in PSP, with wide variations observed in PSP 

subtypes [12].

Clinical features

Atypical parkinsonian syndromes and FTLD are clinically heterogeneous. Clinical subtypes 

and characteristic clinical features of MSA, PSP, CBD and FTLD are listed in Tables 1 and 

2.

Multiple system atrophy

Core symptoms of MSA are parkinsonism, cerebellar and pyramidal signs and autonomic 

dysfunction. In MSA-C, cerebellar symptoms prevail, while parkinsonism is predominant in 
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MSA-P. When parkinsonian and cerebellar signs are seen equally, the term MSA-mixed is 

used. Consensus criteria for the diagnosis of MSA were published in 2008 [13]. The 

akinetic-rigid form of parkinsonism is typical for MSA, while tremor is rare. If tremor 

occurs, it is rather postural or action tremor, and it may incorporate myoclonus; resting 

tremor is not frequent. Parkinsonism is less responsive to levodopa and progresses faster 

compared to PD. Ocular motor dysfunction includes impaired suppression of the vestibulo-

ocular reflex, downbeat and gaze-evoked nystagmus. Smooth pursuit eye movements are 

impaired, and saccades are frequently dysmetric. Pyramidal signs include extensor plantar 

responses and hyperreflexia. Spasticity occurs only in about 10% of patients. Orthostatic 

hypotension, with a drop in systolic (≥30 mmHg) and/or diastolic (≥15 mmHg) blood 

pressure within 3 min of standing, is the most frequent cardiovascular autonomic symptom. 

Syncopes may occur. Cognitive impairment, especially executive dysfunction, can be seen in 

later stages; dementia can develop [14]. Depression and anxiety occur in about 40% of MSA 

patients [15]. The courses of MSA-P and MSA-C are similar. Severe autonomic failure at 

diagnosis is associated with a worse prognosis [16].

Progressive supranuclear palsy

There are several subtypes of PSP. The ‘classic’ and most frequent form is designated 

Richardson’s syndrome (PSP-RS) [17]. In an autopsy-confirmed case series, PSP-RS 

accounted for 24% of 100 PSP cases [18]. Other common subtypes are the parkinsonian 

variant (PSP-P) and variants with initial predominance of ocular motor dysfunction (PSP-

OM) or postural instability (PSP-PI). Further variants are PSP-pure akinesia (PSP-PA) and 

PSP-primary progressive freezing of gait (PPGF), which closely resemble each other, as well 

as ‘cortical PSP variants’ including PSP-CBS, presentations with frontal lobe dysfunction 

(PSP-F) presenting with cognitive or behavioral symptoms (mostly bvFTD) and variants 

with speech or language disorders (PSP-SL, including navPPA and primary apraxia of 

speech). Infrequent variants are PSP-C, with predominant cerebellar ataxia, and PSP-

primary lateral sclerosis (PLS). National Institute of Neurological Disorders and Stroke 

(NINDS) diagnostic guidelines existed only for PSP-RS until very recently [19]. In 2017, 

diagnostic guidelines have been published with the aim of including all PSP subtypes early 

with high sensitivity and specificity [20]. Core features of PSP-RS are vertical gaze palsy 

(especially downward gaze, preceded by slowing of vertical saccades), postural instability 

with falls and axial rigidity. The vertical gaze palsy can be overcome by the vestibulo-ocular 

reflex. Horizontal gaze and saccades can be affected to a lesser degree. Hypokinesia is 

symmetric in PSP-RS, and the response to levodopa is limited or absent. Dyskinesias during 

levodopa therapy do not develop. In the final disease stage akinetic mutism, complete 

ophthalmoplegia and immobility develop. In PSP-P, bradykinesia and rigidity can be 

asymmetric, and there is a better response to levodopa. In PSP-PPGF, severe start hesitation 

and freezing of gait can remain the predominant sign for several years. PSP-P and PPGF are 

also referred to as brainstem variants, associated with a slower disease progression than 

PSP-RS. The cortical PSP variants present with non-fluent aphasia, speech apraxia or 

behavioral symptoms.

Deutschländer et al. Page 3

Eur J Neurol. Author manuscript; available in PMC 2020 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Corticobasal degeneration

The clinical diagnostic accuracy of CBD is the lowest amongst all diseases discussed here 

(about 50%), which is due to variable clinical presentations and substantial overlap of 

clinical features with other neurodegenerative conditions including AD. Parkinsonism is the 

most frequently observed motor symptom, typically asymmetric and starting in one arm. 

Rigidity and bradykinesia are common. Tremor is rare and, if present, it is rather action/

postural than resting tremor and more irregular and jerky than in PD. Impaired postural 

reflexes may be present. Dystonia is also frequent, affecting most often one limb, leading to 

contractures, pain and immobility of this limb. While levodopa-responsive dystonic 

posturing mostly of a foot is frequently seen in PD, dystonia in atypical parkinsonism (CBD 

and less frequently MSA) does not respond well to levodopa and is not bound to off-periods. 

One classic sign of CBS is the alien limb phenomenon, which usually occurs in one arm. 

Several variants have been described [21]. The affected limb does not obey the patient’s 

commands and assumes involuntary positions, including elevation. Alien foot syndrome may 

be underdiagnosed. Neuropsychiatric features include depression and compulsive behaviors. 

Proposed clinical criteria for CBS have been published [22]. Accordingly, in ‘probable CBS’ 

asymmetric presentation of rigidity, hypokinesia and dystonia is observed, with each of these 

signs typically being limited to one limb; asymmetric limb myoclonus may occur. When 

these signs occur symmetrically, ‘possible CBS’ can be diagnosed. Additional syndromes 

have been described: frontal behavioral-spatial syndrome (FBS), navPPA, PSP syndrome 

and posterior cortical atrophy syndrome. Thus, behavioral changes, executive dysfunction, 

visuospatial deficits, agrammatism, speech apraxia, supranuclear vertical gaze palsy and 

visuospatial deficits can all be observed in CBD; urinary incontinence may occur in PSP 

syndrome [22,23].

Frontotemporal lobar degeneration

In FTLD, clinical features correspond to affected brain areas, with the non-dominant 

hemisphere being affected more severely in bvFTD and the dominant hemisphere in the 

PPAs. The most common clinical presentation of FTLD is bvFTD. Core symptoms of 

bvFTD are behavioral changes (e.g. disinhibition), apathy/inertia and changes in emotional 

modulation with loss of empathy. Further important symptoms are perseverative, sometimes 

compulsive, stereotyped movements, hyperorality and executive dysfunction. Behavioral 

disinhibition manifests as socially inappropriate behavior, loss of manners and impulsivity. 

Because of apathy, patients may not speak spontaneously. Hyperorality manifests as binge 

eating with weight gain, consumption of inedible objects and altered food preferences. 

Patients may start smoking, drinking alcohol or using illicit drugs. Memory functions are 

relatively spared in early disease stages. Hallucinations are particularly common in FTD due 

to GRN mutations (about 25%). International consensus criteria for bvFTD were published 

in 2011 [24]; the diagnosis of possible bvFTD is made on clinical grounds, while probable 

bvFTD includes neuroimaging criteria and a significant decline in functioning.

Semantic variant primary progressive aphasia, previously called semantic dementia, is 

characterized by the loss of word meaning. Both object naming (anomia) and single-word 

comprehension are impaired. Dyslexia, dysgraphia and impaired object knowledge are 

common [25]. Vague words replace nouns. Verbal fluency and grammaticality are intact. 
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Symptoms of bvFTD can be observed. NavPPA presents with agrammatism and speech 

apraxia [25]. Impaired motor speech planning causes effortful speech, impaired articulation 

and altered prosody. Comprehension is generally only disturbed in syntactically complex 

sentences, and single-word comprehension is intact. LvPPA is characterized by impaired 

single-word retrieval with reduced speech rate and pauses and by erroneous repetition due to 

short-term memory deficits. Single-word comprehension and object knowledge are intact; 

there is no agrammatism and no speech apraxia. Sentences lack descriptive detail. When 

PPA spreads to posterior temporal regions, visual agnosia and prosopagnosia can occur.

There is significant overlap between FTD and MND (FTD-MND/FTD and amyotrophic 

lateral sclerosis, FTD-ALS). Motor neuron signs are mostly seen in bvFTD, with subtle or 

subclinical motor neuron signs found in about 50% of bvFTD patients. FTD symptoms 

occur in about 30% of patients with ALS, including subtle symptoms of speech or executive 

dysfunction as well as the full bvFTD phenotype. FTD-ALS due to C9orf72 mutations 

shows parkinsonism in about one-third of patients, and it may even mimic PSP. 

Hallucinations, delusions and psychosis occur more frequently and may be mistaken for 

bipolar disorder and schizophrenia [26].

The term ‘FTD and parkinsonism linked to chromosome 17’ (FTDP-17) stems from a 

consensus conference in 1996 and relates to families with FTD inherited in an autosomal 

dominant mode later shown to be due to mutations in MAPT or GRN, both located on 

chromosome 17. These patients usually present with bvFTD and parkinsonism with an early 

age of onset (MAPT mutations, early 40s; GRN, early 50s). The pathology is different in 

FTDP-17 due to MAPT mutations (tauopathy) versus FTDP-17 due to GRN mutations 

(TDP-43 proteinopathy).

Differential diagnoses

Atypical parkinsonian syndromes first have to be differentiated from PD. In PD, onset of 

parkinsonism is mostly unilateral, and over time asymmetric bilateral symptoms develop. If 

tremor is the dominant symptom, especially as regular ‘pill rolling’ resting tremor, atypical 

parkinsonism is unlikely. The levodopa response is good in PD, while it is limited or even 

absent in atypical parkinsonism. Hyperkinesia and dyskinesias are seen in later stages of PD, 

but not in atypical parkinsonism. The disease course is far more benign in PD. Cerebellar 

symptoms and extrapyramidal motor signs are not present in typical PD, while autonomic 

symptoms do occur, primarily cardiovascular (orthostasis). Olfactory dysfunction is 

common in PD, rare in CBD and PSP, and mildly impaired in MSA. When the distinction 

between atypical parkinsonism and PD cannot be reached on clinical grounds, neuroimaging 

techniques, especially investigations of the integrity of pre- and postsynaptic nigrostriatal 

dopaminergic neurons, can be of assistance. Important differential diagnoses of 

parkinsonism include drug-induced parkinsonism (e.g. neuroleptics, valproate). Patients with 

normal pressure hydrocephalus present with a typical gait impairment, cognitive dysfunction 

and urinary incontinence. Patients with AD may also show some degree of parkinsonism, 

both in the sporadic form and due to mutations (mostly in PSEN1).
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There are many rare genetic disorders in which parkinsonism may be present. Perry 

syndrome is caused by mutations in the dynactin (DCTN1) gene and is inherited in an 

autosomal dominant mode [27,28]. Patients are affected by parkinsonism, central 

hypoventilation, weight loss and psychiatric symptoms (e.g. hallucination, depression). 

DCTN1 mutations may rarely present as PSP look-alikes [29]. Kufor–Rakeb syndrome is 

caused by ATP13A2 mutations and is inherited in an autosomal recessive mode. It presents 

with parkinsonism, pyramidal signs, dementia and hallucinations. Importantly, it has an 

earlier onset than the atypical parkinsonian syndromes reviewed here. Parkinsonism may be 

present in other forms of neurodegeneration with brain iron accumulation and, while there 

are adult-onset forms, these disorders also have an earlier onset age. Parkinsonism has been 

described in the fragile X-associated tremor/ataxia syndrome caused by pathologically 

expanded repeat expansion in the FMR1 gene and in Huntington’s disease. Parkinsonian 

variants and variants mimicking MSA in spinocerebellar ataxias (SCA) have been described 

for SCA1, SCA2, SCA3, SCA6, SCA7 and SCA17. Late-onset Friedreich ataxia can mimic 

MSA-C. Patients with the rare white matter disorder adult-onset leukoencephalopathy with 

axonal spheroids and pigmented glia (ALSP) due to CSF1R mutations may show 

parkinsonism and psychiatric symptoms, including behavioral changes and dementia of a 

frontotemporal type [30–32]. Mitochondrial disorders presenting with parkinsonism include 

polymerase gamma (POLG)-related parkinsonism.

Several metabolic autosomal recessive disorders can present with parkinsonism, e.g. 

Gaucher’s disease (due to mutations in the GBA gene), Niemann–Pick C (mutations in 

NPC1 and NPC2) and cerebrotendinous xanthomatosis (CYP27A1 mutations). In younger 

patients (<45 years), Wilson’s disease must be excluded, and neuroacanthocytosis is another 

differential diagnosis. Supranuclear gaze palsy has been reported in Niemann–Pick C, 

Kufor–Rakeb disease and Perry syndrome [33]. Paraneoplastic disorders should be ruled out 

in atypical parkinsonism (paraneoplastic disease autoantibodies, including antibodies for 

stiff person syndrome in PSP). In some instances prion disease (14-3-3 protein in the 

cerebrospinal fluid, CSF) will have to be excluded (e.g. PSP with rapid course). Midbrain 

tumors and manganese intoxication [magnetic resonance imaging (MRI) T1 hypointensities 

in the globus pallidus] can present with a PSP phenotype.

Importantly, the prevailing symptoms in FTLD and its related disorders can be cognitive 

impairment and psychiatric symptoms, including confusion and apathy. Differential 

diagnoses thus include other types of dementia (AD, vascular dementia), metabolic and 

endocrinological causes (e.g. thiamin deficiency, hypothyroidism) as well as infections of 

the central nervous system (e.g. neurosyphilis, HIV infection, Lyme disease, rarely 

Whipple’s disease). Autoimmune and paraneoplastic disorders have to be ruled out. 

Psychiatric diseases which may be misdiagnosed in FTLD patients have a wide spectrum 

and include minor and major depressive disorder, bipolar affective disorder, obsessive–

compulsive disorder and schizophrenia. FTLD due to MAPT, GRN and C9orf72 mutations 

may present as PSP look-alike, and FTLD due to GRN and C9orf72 mutations as CBD look-

alike [33]. However, most patients with genetic forms of FTLD will have a positive family 

history of dementia or parkinsonism.
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Investigations

A thorough history is required, and family members or caregivers often have to be included. 

A full neurological examination is performed and includes careful assessment of ocular 

motor function, cortical sensory testing (graphesthesia, stereognosis), testing for apraxia 

(ideomotor, speech) and neuropsychiatric/cognitive assessment including frontal lobe 

functions and language skills (e.g. verbal fluency tasks). Frontal release signs include the 

grasping reflex, palmomental reflex and the applause test (pathological, if there is an 

inability to stop after three claps). The Luria sequence (fist-edge-palm series) tests executive 

function. A recommended scale for overall cognitive testing is the Montreal Cognitive 

Assessment. In FTD, standard questionnaires for evaluating behavioral changes include the 

Frontal Behavioral Inventory, the Frontotemporal Dementia Rating Scale and the 

Frontotemporal Lobar Degeneration-Modified Clinical Dementia Rating Scale.

Laboratory investigations are mainly performed to exclude other diseases. CSF biomarkers 

in AD are increased tau, increased phospho-tau and reduced β-amyloid (Aβ42). In FTD, 

Aβ42 is moderately reduced, phospho-tau is normal and total tau is moderately increased; 

overlap with the AD profile, however, is not uncommon. Further, Aβ40 may show lower 

levels in FTD patients than in controls. Patients with FTD due to GRN mutations may have 

reduced progranulin levels (plasma and CSF). In PSP patients, the level of homovanillic 

acid, a catabolic product of dopamine, and of tau may be reduced in the CSF. The C- and N-

terminal fragments of tau may be promising biomarkers in PSP. Further tests of assistance 

include the following. Heart rate variability is frequently pathological in MSA. Using 

transcranial sonography, concurrent findings of normal substantia nigra hyperechogenicity 

and increased lentiform nucleus hyperechogenicity support a diagnosis of atypical 

parkinsonism. MSA patients may show phosphorylated α-synuclein deposits in 

somatosensory fibers of the subepidermal plexus. Certain electroencephalography 

techniques may be used to investigate myoclonus in CBD. 123I-MIBG scintigraphy 

investigates postganglionic sympathetic denervation, which is seen in PD with autonomic 

failure [34]. Patients with MSA, however, may also show a decrease of cardiac MIBG 

uptake [35]; in PSP and CBD cardiac MIBG uptake is normal or slightly reduced.

Neuroimaging

The structural imaging modality of choice is MRI, and this modality is reviewed here in 

detail. Computed tomography can occasionally be of additional assistance, e.g. to 

demonstrate the presence of brain calcifications in the basal ganglia or the cerebellum 

(Fahr’s disease) or in the pericallosal region (ALSP) [36].

Magnetic resonance imaging—Using MRI, characteristic differential structural brain 

changes of the neurodegenerative disorders reviewed here can be seen (Fig. 1, Table 3), and 

unrelated structural pathologies can be excluded, e.g. tumors, malformations, vascular 

lesions, normal pressure or obstructive hydrocephalus. All patients presented in this paper 

were participants of Mayo Clinic International Review Board approved protocols.

In MSA, MRI can be normal in the early stages. The pontine ‘hot-cross bun’ sign is highly 

suggestive of MSA [37]. The putamen shows atrophy, T2 hypointensity and a T2 
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hyperintense rim of its dorsolateral border (‘putaminal rim sign’). Atrophy of pons, 

cerebellum and the middle cerebellar peduncle (MCP) may be severe. Using volumetric 

studies such as voxel based morphometry, atrophy is further seen in the substantia nigra, 

inferior olive, prefrontal cortex, motor cortex, supplementary motor area (SMA) and insular 

cortex. Volumetric loss in the olfactory bulb and tract may distinguish between PD and MSA 

[38].

Characteristic changes in PSP include atrophy of the midbrain (reduced midbrain diameter), 

tegmentum and the superior cerebellar peduncle (SCP). Some patients show frontal and 

prefrontal cortical atrophy. Due to more severe midbrain atrophy relative to the pons, the 

‘hummingbird sign’ is found on midsagittal slices. Atrophy of the midbrain tegmentum 

underlies the ‘morning glory sign’. Volumetric studies found volume loss in further areas 

including the thalamus, striatum, insula, SMA and the (para-)hippocampal gyri.

Corticobasal degeneration is characterized by asymmetric atrophy in parietal and 

(pre)frontal cortical areas including the precentral and postcentral gyri, extending into the 

posterior temporal areas; in autopsy proven CBD atrophy was also seen in the striatum, 

SMA and brainstem [39]. Patterns of atrophy are variable and correlate with the clinical 

presentation. Perisylvian atrophy is seen in CBD presenting with navPPA. A further study of 

pathology proven CBD found additional areas of atrophy in the insular cortex and globus 

pallidus; in this study only a small region in the dorsal ponto-medullary junction was 

affected in the brainstem [40].

The ‘MR parkinsonism index’, which calculates both the midbrain:pons and the SCP:MCP 

ratios, was found to be 100% specific and sensitive for differentiating PSP versus MSA-P 

[41]. Automated MRI-based segmentation of regions or volumes of interest are being 

developed for more accurate diagnosis of atypical parkinsonism [42,43]. The tractography 

technique diffusion tensor imaging proved useful in differentiating MSA-P and PSP from 

PD [44]. Diffusion-weighted brain imaging was successfully used for discriminating CBD, 

PSP and PD [45]. A multimodal approach with T2*, diffusion-weighted volume 

measurements and region of interest analyses was of assistance in discriminating 

parkinsonian syndromes [46].

In bvFTD, atrophy of the frontal and (anterior) temporal cortices is more pronounced in the 

non-dominant hemisphere. SvPPA presents with anterior temporal cortical atrophy of the 

dominant hemisphere. NavPPA is characterized by atrophy of the inferior frontal cortex of 

the dominant hemisphere. In lvPPA predominant left posterior temporal and parietal atrophy 

is seen, areas vulnerable also to AD pathology. When FTD progresses, atrophy can become 

bilateral and extend into further brain areas, in particular into posterior temporal areas.

Radioligand imaging—Single-photon emission computed tomography (SPECT) and 

positron emission tomography (PET) are frequently applied to investigate the integrity of the 

pre- and postsynaptic dopaminergic system in order to differentiate atypical parkinsonism 

(MSA, PSP) from PD.
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The dopamine transporter (DAT) as a measure of presynaptic nigrostriatal integrity can be 

investigated using different radiotracers (e.g. SPECT tracers: 123I-FP-CIT, 123I-beta-CIT; 

PET tracers: 18F-FP-CIT, 18F-CFT). DAT density is reduced in MSA, PSP and PD. In PD, 

asymmetric affection of the striatum with a rostral–caudal gradient is characteristic; the 

posterior putamen is the most affected area. In PSP, DAT loss may be more symmetric and 

the putamen-to-caudate ratio may be higher compared to PD. This pattern of striatal DAT 

loss, however, may not be reliable on an individual basis. 18F-fluorodopa PET also measures 

presynaptic dopaminergic integrity.

To investigate postsynaptic striatal dopaminergic integrity, SPECT and PET ligands binding 

to dopamine receptors (DRD1, DRD2) are used. Tracers include 123I-IBZM (SPECT) as 

well as 11C-raclopride, 18F-fallypride and 18F-DMFP (PET). While reduced radioligand 

binding is well established in MSA and PSP, thus differentiating these disorders from PD, 

further studies with autopsy verified CBD are warranted. It is important to hold some 

medications which bind to dopamine receptors before performing these techniques. 11C-

raclopride PET imaging combined with local tracer influx ratios in several brain areas 

reliably discriminated between MSA-P and PD [47]. SPECT studies also investigate cerebral 

perfusion in parkinsonian syndromes and dementia (e.g. 99Tc-HMPAO SPECT). PET 

studies further investigate non-dopaminergic neurotransmitter systems, especially the 

cholinergic and serotoninergic systems.

18F-Fluorodeoxyglucose (FDG) PET is used to identify areas of glucose hypometabolism in 

cortical areas. In patients with MSA, impaired glucose metabolism is most evident in the 

cerebellum, basal ganglia and pons. In PSP patients, basal ganglia, midbrain and to a lesser 

extent the thalamus are affected; supratentorial areas include the frontal cortex (precentral 

gyrus) and the anterior cingulate cortex. Asymmetrically reduced metabolism in 

frontoparietal regions, basal ganglia and thalamus is characteristic of CBD. In FTLD, 

hypometabolism in PET (as well as hypoperfusion in SPECT) is seen in areas which are also 

affected by atrophy; e.g., in bvFTD, atrophy of the frontal and the anterior temporal cortex 

of the non-dominant hemisphere is characteristic. By combining 18F-FDG PET resting state 

data and spatial covariance analysis, Eidelberg and colleagues identified differential CBD-, 

MSA- and PSP-related covariance patterns in addition to previously described PD 

covariance patterns [48,49].

The PET ligand 11C-(R)-PK11195 for translocator protein (TSPO) is upregulated in 

activated microglia and serves as a marker of neuroinflammation. Increased tracer binding 

occurs in MSA, PSP, CBD and PD [50]. A significant number of second generation tracers 

for TSPO, including 11C-DPA713 and 18F-FEPPA, have been developed. Using 11C-

Pittsburgh compound B (PIB) PET, Aβ deposition can be depicted in cortical and subcortical 

regions including the cingulum and striatum. A further Aβ tracer is 18F-florbetaben. An 

important application of Aβ imaging is to discriminate between AD, Lewy body dementia 

and FTLD. Aβ imaging in patients with lvPPA found AD pathology in a subset of these 

patients. Rarely, patients with CBS have underlying AD pathology. Amyloid abnormalities 

are virtually absent in MSA. While tau PET imaging is an area under very active 

investigation, it is so far used only for research purposes. Ligands include 18F-T807, also 

known as 18F-AV-1451, 18F-FDDNP, 18F-THK523, 18F-THK5105 and 11C-PBB3. 
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Challenges include the intracellular localization of tau aggregates and the existence of 

different tau subtypes and conformations.

Neuropathology and pathomechanisms

Pathologically, MSA is classified as α-synucleinopathy and has two variants, 

olivopontocerebellar atrophy (OPCA) and striatonigral degeneration (SND), corresponding 

to the clinical variants MSA-C and MSA-P. Macroscopically, the cerebellum, MCP and the 

pontine base show atrophy in OPCA, and atrophy and dark discoloration of the putamen are 

seen in SND. Histologically, MSA is characterized by oligodendroglial cytoplasmic 

inclusions (GCIs), which contain misfolded hyperphosphorylated α-synuclein (Fig. 2, Table 

4). GCIs further contain ubiquitin, tau and LRRK2. Selected populations of neurons also 

have α-synuclein-positive inclusions in neuronal cytoplasm, nuclei and cell processes. There 

is neuronal loss, astrogliosis, myelin degeneration with myelin pallor, and axonal 

degeneration. Iron pigment is frequent in the striatum.

The etiology of MSA is poorly understood and the origin of GCIs (oligodendroglial origin 

versus cell-to-cell transfer) is unknown. Oligodendroglial dysfunction is of critical 

importance in the etiology of MSA [51]. Prion-like spreading of α-synuclein from neurons 

to glia cells has been proposed to cause glial and myelin dysfunction, neuroinflammation 

with increased amount of microglia and astrocytes, and secondary neurodegeneration 

[52,53]. Inoculation of brain homogenates of MSA patients was found to induce motor 

impairment and α-synuclein deposits in transgenic M83+/− mice hemizygous for the PD-

causing α-synuclein A53T mutation [54]. Oligodendrogenesis may be impaired by α-

synuclein deposits, with increased numbers of oligodendroglial progenitor cells observed in 

brains of MSA patients [55]. Mitochondrial dysfunction, impaired autophagy and oxidative 

stress are further mechanisms proposed. A possible link between α-synuclein deposition and 

insulin resistance has recently been described [56].

COQ2 mutations have been reported to cause familial MSA, and variants in COQ2 
conferred risk in sporadic MSA patients [57]. Genetic variants in MAPT, GBA, LRRK2 and 

SHC2 genes are inconsistently associated with MSA. SNCA variants were highly 

significantly associated with MSA risk (Table 5) [58]. The largest genome-wide association 

study (GWAS) of MSA, however, found no significant association at any genetic locus [59].

Corticobasal degeneration and PSP are considered 4R tauopathies with extensive overlap in 

clinical presentation and in pathology. While they were suggested to form a 4R tauopathy 

disease spectrum, neuropathological differences have been described in detail [60,61]. Tau 

protein has roles in microtubule stabilization and assembly as well as in axonal transport. It 

has alternative splice forms and post-translational modifications like phosphorylation. Tau 

proteins may contain three or four repeats of about 32 amino acids in the microtubule 

binding domain.

Histologically, PSP is characterized by tau-positive inclusions in neurons, astrocytes and 

oligodendrocytes. Neurofibrillary globose tangles are composed of misfolded and 

abnormally phosphorylated 4R tau in a conformation of single straight filaments. Astrocytes 

Deutschländer et al. Page 10

Eur J Neurol. Author manuscript; available in PMC 2020 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



with tau-positive inclusions are called tufted astrocytes; they are frequent in the motor cortex 

and striatum. Tau-positive coiled bodies form in oligodendrocytes (Fig. 3, upper row; Table 

4). Neuronal loss and gliosis occur especially in the substantia nigra, subthalamic nucleus 

and cerebellar areas (dentate nucleus). The clinical PSP subtypes have differential affection 

of cortical areas and brainstem sites, e.g. PPGF and PSP-P have more severe involvement of 

brainstem sites.

The etiology of PSP is unknown. Advanced age is the only established risk factor. PSP-tau 

pathology was found to be transmissable in transgenic mouse brains supporting a theory of a 

cell-to-cell propagation mechanism of different fibrillary ‘tau strains’ [62]. Patients with 

PSP very rarely have a positive family history [63]. PSP is highly associated with the 

common H1 haplotype of the MAPT gene [64]. GWAS loci showing association with PSP 

are MAPT, EIF2AK3, MOBP and STX-6 (Table 5) [65]. Association with MOBP and 

STX-6 loci supports the notion that altered myelin, oligodendrocyte dysfunction (MOBP) 

and impaired fusion of vesicles with membranes (STX-6) may be involved in PSP 

pathogenesis.

At autopsy, CBD typically has focal and asymmetric cortical atrophy, which is often 

associated with ventriculomegaly and thinning of the corpus callosum (Table 4). 

Histopathology of CBD shows ballooned neurons, tau-positive neuronal cytoplasmic 

inclusions, pre-tangles and tau-positive astrocytic plaques. Tau-positive oligodendroglial 

lesions are sparse. The dense thread-like structures in the white and gray matter of CBD are 

far more numerous and widespread than in PSP (Fig. 3, lower row; Table 4) [61]. The brain 

areas most affected by tau pathology are the parietal and frontal cortices, the basal ganglia, 

thalamus and the subthalamic nucleus, with less involvement of the brainstem.

MAPT, GRN and C9orf72 mutations may in some instances cause a phenotype of CBS. 

Like PSP, CBD is associated with homozygosity for the MAPT H1 haplotype. The largest 

GWAS performed in CBD found associations at MAPT, SOS1 and at a chromosome 8p12 

locus (including the genes lnc-KIF13B-1, DUSP4 and KIF13B) [66]. Testing for association 

of CBD with top PSP GWAS hits identified further associations at MOBP and MAPT H1c, 

indicating an overlap of CBD and PSP genetic risk factors (Table 5) [66]. A recent GWAS 

meta-analysis found genetic overlap at the MAPT locus, MOBP, CXCR4, EGFR and GLDC 
between CBD and PSP. Functions of these genes include brain development, neuronal 

migration and forebrain cell migration. Genetic overlap of CBD and FTD was seen only at 

the MAPT locus [67].

Frontotemporal lobar degeneration is pathologically classified based on the predominant 

protein aggregates of pathological inclusions (tau, TDP-43 or FET). The FET family of 

proteins includes fused in sarcoma (FUS), Ewing’s sarcoma protein and TATA-binding 

protein-associated factor 15. FTLD-TDP (Fig. 4) accounts for about 50% and FTLD-tau for 

about 45% of FTLD cases, while FTLD-FET is uncommon [68]. FTLD-tau includes Pick’s 

disease, argyrophilic grain disease and some cases of FTDP-17. Histopathologically, FTLD-

tau is characterized by intracellular insoluble aggregates of hyperphosphorylated tau protein; 

it may underlie bvFTD, navPPA and rarely svPPA. FTLD-TDP and FTLD-FET have 

neuronal inclusions positive for ubiquitin and p62-sequestosome that are composed of either 

Deutschländer et al. Page 11

Eur J Neurol. Author manuscript; available in PMC 2020 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



TDP-43 or FUS protein. In FTLD associated with C9orf72 repeat expansions, inclusions 

contain TDP-43, but there are also neuronal inclusions composed of aberrantly transcribed 

hexanucleotide (GGGGCC) repeats, producing five distinct dipeptide repeat polymers (Table 

4).

Pick bodies are argyrophilic, globose neuronal inclusions composed of hyperphosphorylated 

3R tau. They are frequent in frontal and temporal cortices, (para-) limbic areas (amygdala 

and hippocampus, including the dentate gyrus) and ventral temporal cortical areas. They 

may also be seen in the striatum, substantia nigra and locus ceruleus. Swollen (ballooned) 

neurons are called Pick cells. The term Pick disease denotes one of the FTLD-tau subtypes 

and is meanwhile no longer used to refer to a clinical syndrome. In ‘argyrophilic grain 

disease’ 4R tau-positive astrocytes, coiled bodies and grains are found in medial temporal 

and limbic regions. FTLD associated with MAPT mutations shows both 3R and 4R tau 

pathologies and can mimic all forms of tauopathies including Pick’s disease, PSP, CBD and 

tangle predominant dementia.

Four types of TDP-43 pathology (types A–D) with differential patterns of neuronal 

cytoplasmic and intranuclear inclusions (compact/granular) and neurite length have been 

described. TDP-43 types correlate with clinical and genetic subtypes. Type A, the most 

common type, is most frequently associated with bvFTD and navPPA. It has the most 

neuronal cytoplasmic and intranuclear inclusions, cortical neurites are short, and neurites in 

the hippocampus are fine. It is the most common finding in FTLD due to GRN mutations. 

Type B is also common and associated with bvFTD and FTD-MND. It has predominantly 

neuronal cytoplasmic inclusions with sparse neurites. It is the most common subtype 

associated with C9orf72 mutations. Type C has long thick cortical neurites and compact, 

Pick-body-like neuronal inclusions in the dentate gyrus. It is most often associated with 

svPPA, and it is usually sporadic. Type D has many neuronal intranuclear inclusions and is 

characteristic of FTLD due to mutations in VCP. FTLD-TDP is further associated with 

mutations in TBK1, SQSTM1 and UBQLN2. FTLD-FET presents at a young age with 

bvFTD and is associated with severe cortical and striatal atrophy. Neurons contain TDP-43-

negative, FUS-, ubiquitin-and p62-sequestosome-positive inclusions. FUS inclusions are 

also seen in some cases with MND, basophilic inclusion body disease, atypical ubiquitin-

positive FTLD and neuronal intermediate filament inclusion disease.

The heritability for FTLD is high, with an estimated 40% of patients reporting a family 

history of dementia or psychiatric symptoms and an autosomal dominant inheritance pattern 

in 10%–25%. Mutations in several genes have been linked to FTLD (Table 5), with MAPT, 

GRN and C9orf72 mutations being the most frequent causes for familial FTLD [69–73]. 

FTD-MND is assumed to be the subtype with the highest heritability [74]. Mutations in 

known FTLD genes explain the disease in almost all FTLD families with a clear mode of 

autosomal dominant inheritance. In sporadic FTD and in FTD with a less clear family 

history, these genes are found to be causative only in a minority of patients. A GWAS of 

autopsy-confirmed FTLD-TDP discovered risk and disease modifying variants [75]. A 

variant in TMEM106B was found to be protective in GRN mutation carriers [76]. FTD 

associated with MAPT mutations can present with a wide variety of phenotypes, and motor, 

speech, cognitive or behavioral symptoms may prevail; age of onset is relatively early. 

Deutschländer et al. Page 12

Eur J Neurol. Author manuscript; available in PMC 2020 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Patients with C9orf72 mutations mainly present with bvFTD and FTD-MND. All pathogenic 

GRN mutations result in a haploinsufficiency resulting in a 50% loss of progranulin levels; 

main clinical presentations are bvFTD and navPPA.

Management

Treatment options for motor and neuropsychiatric symptoms in atypical parkinsonian 

syndromes and FTD are currently limited to symptomatic therapies. Parkinsonism in 

atypical parkinsonian syndromes is generally far less levodopa responsive than in PD. 

Significant improvement may still occur for rigidity, hypokinesia and tremor. Treatment 

efficacy is not limited to PSP-P and MSA-P. Thus, a trial of levodopa is generally indicated, 

with slowly increasing levodopa doses up to 900–1000 mg daily (temporarily accompanied 

by carbidopa) for about 2–3 months. If well tolerated, the dosage can be further increased. 

Focal dystonia (e.g. limb dystonia in CBS) and drooling can be treated with botulinum toxin 

injections. Treatment of autonomic symptoms such as urinary dysfunction in MSA has to 

take into account that the use of anticholinergic drugs including amitriptyline is limited by 

adverse effects, especially by a possible negative impact on cognition. Droxidopa and 

fludrocortisone acetate may improve orthostatic hypotension in some patients with MSA.

Psychotic symptoms including hallucinations, delusions and aggressive behavior are treated 

with neuroleptic medication while carefully assessing development or progression of 

extrapyramidal motor signs. Atypical neuroleptics are much preferred and are given at the 

lowest dose possible. Depressive symptoms have an estimated prevalence of 33% in FTD 

and should be treated following guidelines [77]. Serotonin reuptake inhibitors (fluoxetine, 

fluvoxamine, sertraline, paroxetine and citalopram) as well as trazodone have been shown to 

be beneficial in the treatment of behavioral symptoms including disinhibition, stereotypic 

movements and hyperorality in FTD in clinical studies [78]. Oxytocin showed mild 

improvement of emotional changes including loss of empathy and social cognition and was 

well tolerated, but its routine use is not yet recommended [79,80]. Psychostimulants, e.g. 

methylphenidate and dextroamphetamine, may improve behavioral symptoms such as risk-

tasking [81]. Dopaminergic medication and levodopa may improve executive dysfunction 

and apathy. Rapid eye movement sleep behavior disorder seen in MSA is treated with 

clonazepam and melatonin.

For cognitive impairment the use of acetyl-cholinesterase inhibitors in FTD is generally not 

recommended since symptoms may worsen and agitation may occur. Since a few patients 

with CBS and PPA may have AD pathology, a trial of cholinesterase inhibitors over 2–3 

months can be indicated if cognition declines. Memantine was well tolerated but not 

effective in treating cognitive and behavioral symptoms in FTD [82]. Serotonin reuptake 

inhibitors, trazodone and amphetamines did not improve cognition [78]. Physical exercise, if 

tolerated, may delay the onset of cognitive impairment in FTD. Further non-pharmaco-

logical approaches are speech therapy and caregiver education.

Randomized placebo-controlled trials of the GSK-3 inhibitor tideglusib [83] or davunetide 

[84], which are assumed to reduce tau phosphorylation, stabilize microtubule function 

and/or inhibit neuronal loss, showed no effect in patients with PSP. A phase 2 study on 
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davunetide in tauopathies (ClinicalTrials.gov identifier NCT01056965) is not recruiting yet. 

Other therapeutic approaches target an increase of the reduced progranulin levels in FTLD 

due to GRN mutations or the reduction of either RNA foci or the C9orf72 expanded repeats 

dipeptide production, e.g. using antisense oligonucleotide therapies. Active immunization 

against pathological tau was assessed in a phase 1 clinical trial using AADvac1 in AD [85]. 

A phase 2 clinical trial using humanized monoclonal anti-tau antibodies (ABBV-8E12; 

AbbVie) is currently recruiting patients with early PSP (NCT02985879) and AD 

(NCT02880956) after positive results of a phase 1 study [86]. A phase 2 study on low dose 

lithium in FTD is currently recruiting.

High dose ubiquinol supplementation may be efficient in familial MSA with COQ2 
mutations; further clinical trials are warranted [87]. High doses of coenzyme Q10 did not 

modify disease progression in patients with PSP [88]. In MSA patients, rifampicin and 

rasagiline were not effective as neuroprotective agents [89–91]. A trial with fluoxetine in 

MSA patients has been completed (NCT01146548). The administration of lithium was not 

well tolerated in MSA, and the trial was stopped. An ongoing trial in MSA is investigating 

the CSF delivery of autologous mesenchymal stem cells (phase 1 study, Mayo Clinic). 

Preclinical studies in MSA focused on the inhibition of α-synuclein aggregation, 

degradation and clearance as well as on inhibition of α-synuclein cell-to-cell propagation. 

These approaches included active and passive immunization, reducing truncated α-synuclein 

(VX-765), overexpression of proteases that cleave α-synuclein and degrading extracellular 

α-synuclein by modifying neurosin [92]. Active immunization has been tested in patients 

with early MSA in a phase 1 study, which has recently been completed. (AFFITOPE PD01A 

and PD03A, Affiris AG, Vienna, Austria). A phase 2 study on the effect of the 

myeloperoxidase inhibitor AZD3241 on microglial activation as measured by PET and a 

phase 3 study on targeting α-synuclein aggregation by epigallocatechin-gallate 

supplementation (PROMESA) [93] have recently been completed (NCT02388295, 

NCT02008721).

Future prospects

The wide clinical and pathological overlap of atypical parkinsonian syndromes is 

increasingly recognized. FTLD has also been recognized to be highly heterogeneous, both 

clinically and pathologically. Novel neuroimaging techniques are being developed at a fast 

pace, including radioligand imaging. Genetics will continue to provide information about the 

pathophysiology and disease pathways of these disorders. With the use of next generation 

sequencing techniques and novel bioinformatics approaches, additional diseasecausing 

genes and risk genes are likely to be identified in the near future. Emergent neuroimaging, 

genetic and biochemical biomarkers may allow for early and accurate diagnoses in patients 

with rare parkinsonian syndromes, which is a prerequisite for clinical trials. With positive 

results of preclinical studies on a wide variety of disease modifying drugs, there is hope that 

neuroprotective agents will also prove efficacious in clinical trials.
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Figure 1. 
Cranial MRIs of patients with MSA-C, FTLD, CBD and PSP-RS. Upper row: 52-year-old 

male patient with MSA-C: MRI shows the pontine ‘hot-cross bun’ sign (arrow) and severe 

cerebellar and pontine atrophy. Clinical features were pancerebellar dysfunction including 

limb ataxia for 7 years, mild parkinsonism, orthostasis, urinary dysfunction, vasomotor, 

sudomotor and trophic changes of distal extremities, corticospinal tract signs and rapid eye 

movement sleep behavior disorder. Middle row: 46-year-old female patient with FTLD 

[pallido-ponto-nigral degeneration (PPND) family] due to an MAPT gene mutation 

(N279K): MRI depicts asymmetric frontotemporal atrophy (right > left). Clinical features 

included mild behavioral problems, depression, memory loss (leading to dementia) and 

parkinsonism with severe rigidity and bradykinesia (L > R), tremor, hypophonia and 

impaired postural reflexes with falls. Further, eyelid apraxia, downward gaze palsy and limb 

dystonia with contractures developed. Disease course was rapidly progressive with early age 
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at disease onset (38 years). Age at death was 46 years. Autopsy showed FTLD with 

extensive tauopathy. Lower row, left: cranial MRI of a 60-year-old patient with CBD 

showing parietal > frontal asymmetric atrophy (right > left). The patient had shown 

progressive limb apraxia, dystonia, cortical sensory impairment and myoclonus of her left 

arm (alien limb phenomenon) since age 56 years. Further, left-sided bradykinesia and 

rigidity were seen. Treatment with levodopa and intramuscular botulinum toxin injections 

provided some benefit. Age at death was 62 years. Autopsy showed typical CBD pathology. 

Lower row, right: 70-year-old male patient with PSP-RS: MRI depicts the ‘hummingbird 

sign’ (arrow) due to severe midbrain atrophy. Clinical features were supranuclear vertical 

gaze palsy, slow horizontal saccades, Cowper’s sign, severely impaired postural reflexes 

with falls causing severe injuries, dysphagia, mild parkinsonism (bradykinesia and rigidity, 

axial > limbs) and cognitive impairment. Disease course was rapidly progressive. Age at 

death was 71. Pathology was consistent with PSP and additionally showed pallido-nigral 

pigment spheroid degeneration.
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Figure 2. 
MSA: (a) medial view of the left cerebral hemisphere showing severe atrophy of the pontine 

base (asterisk); note also the cerebellar vermis atrophy and discoloration; (b) coronal section 

of the left cerebral hemisphere showing atrophy and dark brown discoloration of the 

posterior putamen (arrow); (c) neuronal loss in substantia nigra with neuromelanin 

containing macrophages (arrows) (d) fiber tracts in the pontine base have numerous 

oligodendroglial inclusions (GCIs) with α-synuclein immunohistochemistry; (e) neurons in 

the pontine base have neuronal cytoplasmic inclusions (arrows) with α-synuclein 

immunohistochemistry (note also the dystrophic neurites). The patient had MSA with a 

mixed subtype since age 55 years. She had limb ataxia, rigidity, urinary incontinence and 

anxiety. Further, rapid eye movement sleep behavior disorder and cognitive decline 

developed. Age at death was 64 years.
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Figure 3. 
Tauopathies. Upper row: PSP: (a) medial view of the left cerebral hemisphere showing 

severe midbrain atrophy (arrow); note also the dilation of the aqueduct of Sylvius; inset 

shows hemi-midbrain with loss of pigment in the substantia nigra; (b) coronal section of the 

left cerebral hemisphere demonstrating subthalamic nucleus atrophy (arrowheads); (c) 

phospho-tau immunohistochemistry shows a globose neurofibrillary tangle (asterisk), tufted 

astrocyte (arrow) and oligodendroglial ‘coiled body’ (arrowhead). The patient presented 

with supranuclear gaze palsy, dysarthria, truncal rigidity and impaired postural reflexes with 

falls since age 64. He had a slight levodopa response. The disease course was 5 years. Lower 

row: CBD: (a) left cerebral hemisphere showing premotor cortical atrophy (dorsal and 

ventral); inset shows hemi-midbrain with loss of pigment in the substantia nigra; (b) medial 

view of the left cerebrum showing superior frontal gyrus atrophy and atrophy of the corpus 

callosum (arrow); (c) ballooned neurons in the superior frontal gyrus (hematoxylin and eosin 

stain); (d) astrocytic plaque (asterisk) with phospho-tau immunohistochemistry (note also 
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many neuropil threads); (e) pleomorphic cortical neuronal inclusions with phospho-tau 

immunohistochemistry. At age 67 years, the patient developed progressive speech 

difficulties, attention deficits and a gait disorder. Executive dysfunction, apraxia, emotional 

changes (indifference) and mild hypokinesia (left > right) consecutively developed. He died 

at age 73 years. While he was clinically diagnosed with FTD, autopsy showed CBD.
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Figure 4. 
FTLD-TDP: (a) left cerebral hemisphere showing severe cortical atrophy affecting frontal 

and temporal lobes, as well as the inferior parietal lobule; (b) coronal section of the left 

cerebral hemisphere demonstrating ventricular enlargement and hippocampal atrophy 

(arrow); (c) the temporal cortex has neuronal loss and superficial laminar spongiosis 

(hematoxylin and eosin stain); (d) TDP-43 immunohistochemistry shows neuronal 

cytoplasmic inclusions and dystrophic neurites; inset shows neurons with neuronal 

cytoplasmic and neuronal intranuclear inclusions. The male patient showed memory 

impairment, language difficulties and behavioral changes (compulsiveness, irritability) with 

a slowly progressive course over more than 10 years. He died at age 76years.
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Table 1

Clinical subtypes of MSA, PSP, CBD and FTLD

Disorder Clinical phenotypes Comment

MSA MSA-P Parkinsonian variant

MSA-C Cerebellar variant

PSP PSP-RS Richardson’s syndrome (classical phenotype)

PSP-P Parkinsonian variant

PSP-OM Predominance of ocular motor symptoms

PSP-PI Predominance of postural instability

PSP-PPFG
a Primary progressive freezing of gait

PSP-PA Pure akinesia

PSP-F PSP with frontal lobe dysfunction, including:

 bvFTD PSP presenting as bvFTD

PSP-CBS PSP presenting as CBS

PSP-SL PSP with speech or language impairment, including:

 PSP-navPPA PSP presenting as non-fluent agrammatic variant PPA

 PSP-AOS PSP presenting as primary progressive apraxia of speech

PSP-C Cerebellar variant

PSP-PLS Primary lateral sclerosis variant

CBD CBS Classical phenotype (possible versus probable CBS)

FBS Frontal behavioral-spatial syndrome

PSPS PSP syndrome with CBD pathology

navPPA Non-fluent agrammatic variant PPA with CBD pathology

FTLD bvFTD Behavioral variant FTD

svPPA Semantic variant PPA

navPPA Non-fluent agrammatic variant PPA

lvPPA Logopenic variant PPA

FTD-MND FTD associated with motor neuron disease

CBS CBS with FTLD pathology

PSP PSP with FTLD pathology

a
PSP-PPFG is also called PSP-PAGF: pure akinesia with gait freezing.
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Table 3

Neuroimaging

Characteristic MRI findings

MSA ‘Hot-cross bun’ sign (pontine T2 hyperintensity)
Putaminal rim sign (T2 hyperintense rim of dorsolateral putaminal border)
Atrophy of pons, cerebellum, middle cerebellar peduncle

PSP ‘Hummingbird sign’ (more severe midbrain than pontine atrophy)
‘Morning glory sign’ (atrophy of midbrain tegmentum)
Atrophy of midbrain, tegmentum, superior cerebellar peduncles

CBS Asymmetric atrophy in parietal and (pre)frontal cortices

bvFTD Frontal and anterior temporal atrophy (more pronounced in non-dominant hemisphere)

svPPA Anterior temporal atrophy (dominant hemisphere)

navPPA Atrophy of the inferior frontal cortex (dominant hemisphere)

lvPPA Posterior temporal and parietal atrophy (dominant hemisphere)
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