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Abstract

Atypical parkinsonian disorders—progressive supranuclear palsy (PSP), corticobasal degeneration
(CBD), and multiple system atrophy (MSA)—are rare, rapidly progressive neurodegenerative
syndromes with complex clinical presentations, distinct neuropathological signatures, and limited
therapeutic options. Accurate diagnosis is challenging, particularly in early stages, due to overlap
with Parkinson’s disease and among themselves, phenotypic heterogeneity, and the lack of reliable
stand-alone biomarkers. Misclassification is frequent, with significant consequences for prognosis,
patient care, and the design of clinical trials. This review synthesizes current evidence on clinical,
neuroimaging, and biomarker-based diagnosis of PSP, CBD, and MSA. We describe core and variant
phenotypes, provide epidemiological updates, and present neuropathological correlates, along with
structured diagnostic approaches. Advances in MRI morphometry, tau- and a—synuclein—sensitive
PET, quantitative oculomotor and autonomic testing, and fluid biomarkers—particularly
neurofilament light chain—are critically evaluated for their diagnostic value and limitations. We
identify ten persistent challenges to early and accurate diagnosis, including phenotypic mimicry,
non-specific imaging, limited biomarker specificity, and inequitable access to advanced diagnostics.
We propose tiered, multimodal algorithms that integrate standardized clinical phenotyping with
quantitative imaging, molecular diagnostics, and pathology-linked validation. This approach may
reduce diagnostic delays, enhance trial enrichment, and facilitate earlier, personalized interventions
in these disorders.

Keywords: progressive supranuclear palsy; corticobasal degeneration; multiple system atrophy;
atypical parkinsonism; biomarkers; diagnostic algorithms

1. Introduction

Parkinsonism is a clinical syndrome defined by bradykinesia with additional motor signs—
rigidity, tremor, and postural instability —but its causes are heterogeneous. The most frequent is
Parkinson's disease (PD); nevertheless, a substantial proportion reflects atypical parkinsonian
disorders (APDs), notably progressive supranuclear palsy (PSP), corticobasal degeneration (CBD),
and multiple system atrophy (MSA). These entities carry distinct biology —4-repeat tau in PSP and
CBD, a-synuclein pathology in MSA —with different trajectories, complications, and treatment
priorities. Early and accurate separation from PD and one another is therefore central to prognosis,
counseling, and trial enrollment [1,2].

Over the past decade, diagnostic frameworks have evolved from purely clinicopathological
descriptions to structured, phenotype-based criteria supported by imaging and fluid biomarkers. The
2017 MDS-PSP criteria recognize variant phenotypes beyond Richardson's syndrome, emphasizing
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ocular motor dysfunction and early postural instability, and have improved case capture across the
phenotypic spectrum [1,3]. In MSA, the 2022 MDS criteria formalize "clinically established,"
"clinically probable,” and "possible prodromal’ -categories, integrating autonomic failure,
parkinsonism and/or cerebellar signs, and specific MRI markers—such as putaminal and middle
cerebellar peduncle changes or the "hot cross bun" sign—to enhance early-stage accuracy [2]. CBD
remains diagnostically challenging because corticobasal syndrome (CBS) is pathologically
pleomorphic; contemporary reviews stress asymmetric limb apraxia or dystonia with cortical sensory
loss while acknowledging that Alzheimer's disease (AD) and PSP frequently underlie CBS at autopsy
[4,5].

Supportive investigations now carry greater weight. Quantitative MRI measures, such as the
MR Parkinsonism Index 2.0 (MRPI 2.0), enhance the separation of PSP—particularly PSP-
parkinsonism —from PD, with automated pipelines becoming increasingly available [6-8]. Cardiac
1B[-MIBG scintigraphy often remains normal in MSA but is typically reduced in PD, aiding
synucleinopathy subtyping when interpreted alongside autonomic testing [9]. Fluid biomarkers add
complementary value: neurofilament light chain (NfL) levels in cerebrospinal fluid or serum are
generally higher in APDs than PD and correlate with faster progression, supporting triage and
prognostication [10]. Seed-amplification assays for misfolded a-synuclein show high sensitivity in
PD and dementia with Lewy bodies. However, they are variably negative in MSA, a biologically
informative distinction shaping trial stratification rather than serving as a stand-alone rule-in test for
MSA [11,12].

This review updates and operationalizes diagnostic algorithms for PSP, CBD, and MSA by
integrating these criteria and biomarkers with careful longitudinal re-evaluation—an approach
reflected in the stepwise schemas provided (initial clinical screening; targeted ocular, cortical,
cerebellar, and autonomic assessments; response to levodopa; MRI and selected functional imaging;
and ongoing diagnostic revision) [6]. The goal is pragmatic: to reduce early misdiagnosis, direct
patients to appropriate symptomatic care, and accelerate entry into disease-modifying trials. The field
now requires a paradigm shift toward biology-led diagnosis, which couples phenotyping with
standardized imaging and fluid panels, implemented within multidisciplinary services [11,13,14].

2. Progressive Supranuclear Palsy (PSP)

PSP is a primary 4-repeat (4R) tauopathy with characteristic neuronal and glial tau pathology —
globose neurofibrillary tangles, coiled bodies, and tufted astrocytes—predominantly affecting
brainstem, basal ganglia, and related white-matter tracts [6,15,16]. Clinically, the core syndrome
(PSP-Richardson’s) combines early postural instability with backwards falls, vertical supranuclear
gaze impairment, axial-predominant rigidity, dysarthria/dysphagia, and a dysexecutive, subcortical
cognitive profile [1,3]. Contemporary epidemiology indicates a pooled prevalence of ~7 per 100,000
and an incidence of up to 2.6 per 100,000 person-years, with a typical onset in the early to mid-60s
and a median survival of 5-7 years [17-19]. Diagnostic delays of 3-5 years remain common,
underscoring the need for algorithmic approaches that integrate phenotype, oculomotor testing,
imaging, and biomarkers [20].

2.1. Etiology and genetics

Most PSP is sporadic, but genetic susceptibility is substantial. Beyond the MAPT H1 haplotype,
genome-wide studies replicate risk at MOBP, EIF2AK3, and STX6, and nominate additional loci (e.g.,
SLCO1A2, DUSP10, RUNX2; occasionally LRRK2 signals), with recent large-scale analyses also
implicating complement C4A and glial-activation pathways [21-25]. Rare familial cases with
pathogenic or likely pathogenic MAPT variants broaden the phenotypic spectrum but are the
exception [26,27]. Mitochondrial and oxidative stress mechanisms are frequently discussed, but, to
date, genetic and molecular evidence most consistently converges on tau biology, proteostasis, and
neuroinflammation [22,28].
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2.2. Diagnostic approach

Early PSP is frequently misclassified as PD because both share bradykinesia and postural
instability in the initial years. However, PSP usually presents with axial-predominant rigidity,
symmetric parkinsonism, poor and unsustained levodopa benefit, paucity of rest tremor, and the
progression from vertical saccadic slowing to supranuclear gaze palsy with preserved vestibulo-
ocular reflex [1,29]. Pseudobulbar features such as dysarthria and dysphagia, together with early
executive dysfunction, also distinguish PSP from PD.

Ocular motor examination is pivotal. Quantitative video-oculography confirms that vertical
saccade slowing and increased square-wave jerks have high specificity for PSP, with combined
amplitude—velocity metrics outperforming single parameters for PSP vs PD discrimination [30-32].
These findings are incorporated into the 2017 MDS-PSP criteria, which stratify diagnostic certainty
across PSP-Richardson’s syndrome (PSP-RS) and its variants [1,3].

To reduce misdiagnosis, a stepwise diagnostic algorithm (Figure 1) integrates clinical, ocular
motor, imaging, and biomarker assessments:

1. Initial clinical evaluation: Symmetric, axial-predominant parkinsonism with early postural
instability, vertical gaze impairment, dysarthria/dysphagia, and dysexecutive profile should
raise early suspicion of PSP, contrasting with the asymmetric onset, rest tremor, and levodopa
responsiveness typical of PD.

2. Ocular motor testing: Slowing of vertical saccades progressing to gaze palsy, together with
square-wave jerks, is highly specific; video-oculography offers objective quantification.

3. Phenotype classification: Applying the 2017 MDS-PSP criteria allows early recognition not only
of PSP-RS but also of variant phenotypes (e.g., PSP-parkinsonism, PSP with predominant gait
freezing, PSP-CBS, PSP-FID).

4. Neuroimaging: Midbrain atrophy with pontine sparing (“hummingbird sign”) is supportive, but
MRPI 2.0, computed via automated tools, provides superior discrimination, especially between
PSP-parkinsonism and PD/MSA.

5. Supportive imaging: DAT-SPECT confirms presynaptic nigrostriatal degeneration but lacks
nosological resolution. In contrast, cardiac '»I-MIBG scintigraphy is typically normal in PSP but
reduced in Lewy body disorders, supporting differential diagnosis.

6. Fluid biomarkers: Cerebrospinal fluid (CSF) or plasma NfL levels are consistently higher in PSP
than in PD, with area under the receiver operating characteristic curve (AUC) values greater than
0.90 for PD compared to atypical parkinsonism. Although not diagnostic in isolation, NfL has
prognostic and triage value, particularly when combined with MRI measures.
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Entry Criteria

* 240 at onset

¢ Gradual progression
* Sporadic occurrence

L Yes
Core Clinical Features
* Vertical supranuclear gaze palsy (difficulty moving eyes
up/down, not explained by eye muscle disease) None

* Slow vertical saccades (slowed up/down eye Unlikely PSP
movements)

* Repeated falls within 3 years of onset
* Symmetric parkinsonism (rigidity/akinesia, usually axial
* Dysarthria/dysphagia or frontal cognitive dysfunction

No
—»[ Consider alternative diagnoses ]

Lzl present

i oh. 7o a a 1 present
High-Specificity Signs

* “Rocket sign” (sudden, impulsive rising from a chair
followed by a backward fall)

* Symmetrically reduced blink rate 22 present e
* Square-wave jerks (small involuntary eye movements) Probable PSP
J

LNone

Longitudinal Review Low-Specificity Signs
« PSP evolves: * Dysarthria >1 present
Early subtle eye movement changes -> later full gaze palsy * Dysphagia
Early postural instability - later frequent backwards falls ¢ Limb dystonia
* Re-evaluate regularly to confirm or rule out PSP  Personality/behaviour changes
r |
T Supportive

Vlnvestigations

¢ MRI: Midbrain atrophy (“hummingbird sign”), MRPI 2.0
helps in subtle cases

* DAT-SPECT: shows presynaptic dopaminergic loss but
does not distinguish PSP from MSA/PD

 Cardiac MIBG: usually normal in PSP, reduced in PD

* Biomarkers: Elevated neurofilament light chain (NfL) in
lCSF/serum supports atypical parkinsonism

*Summary for Students
Think “older patient with early falls and eye movement problems”. Confirm with supportive
imaging (midbrain atrophy) and biomarkers. Always re-check with disease progression

Figure 1. Diagnostic flowchart for progressive supranuclear palsy (PSP), based on the Movement Disorder
Society (MDS) criteria, outlining inclusion criteria, core clinical domains, supportive features, and longitudinal

review to classify cases as probable or possible.

7. Longitudinal reassessment: Diagnostic certainty increases as the disease evolves. Repeated
clinical, ocular motor, and imaging assessments capture the progression from subtle ocular motor
slowing to frank gaze palsy, thereby consolidating diagnostic accuracy.

This algorithm highlights the importance of multimodal integration: clinical red flags initiate
suspicion, ocular motor examination provides high specificity, MRI morphometry and quantitative
metrics improve diagnostic yield, and fluid biomarkers add prognostic value. Together, these steps
embody the shift from descriptive syndromic diagnosis to biology-anchored diagnostic certainty in
PSP.

2.3. Phenotypic spectrum

Beyond PSP-Richardson’s, clinically recognized variants include PSP-parkinsonism (PSP-P),
PSP with predominant gait freezing (PSP-PGF), PSP-corticobasal syndrome (PSP-CBS), PSP-
frontotemporal dementia (PSP-FTD), and progressive non-fluent aphasia variants. Phenotypes can
evolve, demanding longitudinal re-evaluation rather than single-timepoint labelling [1,29].

Distributed under a Creative Commons CC BY license.
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2.4. Investigations and biomarkers

2.4.1. MRI

Midbrain atrophy with relative pontine preservation (“hummingbird” profile) is supportive but
not sufficient. Planimetric metrics markedly improve performance. The MR Parkinsonism Index 2.0
(MRPI 2.0) distinguishes PSP—especially PSP-P—from PD and can be computed via validated
automated pipelines, enhancing standardization across centers and supporting trials [6-8].

2.4.2. Tau PET

Second-generation tracers show promise for 4R-tau imaging. Multicenter data with [18F]PI-2620
and [18F]florzolotau (APN-1607/PM-PBB3) demonstrate uptake patterns in the pallidum,
subthalamus, and midbrain that complement MRI and may aid in early diagnosis and monitoring,
although harmonized thresholds and head-to-head comparisons across 4R tauopathies remain
priorities [27,33-35].

2.4.3. Dopaminergic imaging and autonomic tracers

DAT-SPECT confirms presynaptic nigrostriatal denervation but does not reliably distinguish
between PSP, PD, and MSA. Postsynaptic D2/3 imaging (e.g., '*I-IBZM) is no longer recommended
for routine differential diagnosis due to limited added value [36]. Cardiac '»’I-MIBG scintigraphy is
typically normal in PSP and reduced in Lewy body disorders (PD/dementia with Lewy bodies); thus,
it aids in the exclusion of PD when interpreted in the context of clinical findings, including newer
protocols that incorporate salivary-gland uptake [37,38].

2.4.4. Fluid biomarkers

Neurofilament light chain in CSF or plasma is consistently higher in atypical parkinsonism
(including PSP) than in PD and correlates with progression; recent comparative studies show AUCs
>0.90 for PD vs APD, supporting triage and prognostication rather than stand-alone diagnosis [39,40].
Combining NfL with quantitative MRI (e.g., midbrain measures, quantitative susceptibility
mapping) improves classification in research settings [41].

2.5. Pathology

Neuropathological confirmation remains the gold standard, revealing widespread 4R-tau
deposition in neurons and glia, with selective vulnerability of the globus pallidus, subthalamic
nucleus, substantia nigra, and brainstem tegmentum; tufted astrocytes are particularly distinctive
[15,28].

2.6. Treatment and management

No disease-modifying therapy has shown efficacy to date. Randomized trials of coenzyme Q10
and the GSK-3( inhibitor tideglusib were negative for clinical endpoints, despite showing imaging
signals in early studies [42,43]. Multiple anti-tau monoclonal antibodies—gosuranemab and
tilavonemab—failed to slow progression in phase 2 trials [44]. Ongoing programs (e.g.,
bepranemab/UCB0107) focus on safety and target engagement, but clinical benefit remains unproven.

Management is multidisciplinary and symptomatic: cautious levodopa trials for parkinsonism
(often limited benefit), amantadine for gait/freezing in select cases, botulinum toxin for
blepharospasm or eyelid-opening apraxia, early speech-language therapy with proactive dysphagia
strategies (including timely PEG discussion), tailored physiotherapy for balance and falls,
occupational therapy for executive dysfunction, and targeted treatment of mood, sleep, and
pseudobulbar affect [45]. The integration of structured diagnostic algorithms, anchored in MDS-PSP
criteria, quantitative oculomotor testing, MRPI 2.0, and tiered biomarker panels, can reduce
misdiagnosis and accelerate enrollment into trials that increasingly require biologically characterized
cohorts [1,7,18].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Corticobasal Degeneration (CBD)

Corticobasal degeneration is an uncommon primary 4R tauopathy characterized by distinctive
neuropathological features, including astrocytic plaques, ballooned neurons, and thread-like tau
inclusions, which most prominently affect the frontoparietal cortex, basal ganglia, and substantia
nigra [46,47]. Clinically, it is characterized by progressive, levodopa-resistant, asymmetric
Parkinson's disease with cortical signs, including limb apraxia, cortical sensory deficits, and alien
limb phenomena [46,48]. Population-based prevalence estimates are scarce but consistently lower
than for PSP or MSA, ranging from 0.8 to 25 per 100,000, with incidence rates between 0.03 and 0.8
per 100,000 person-years [18]; onset typically occurs in the early 60s, and median survival is
approximately 6-8 years from symptom onset [47].

3.1. Etiology and genetics

Most CBD cases are sporadic, but shared genetic susceptibility with other primary tauopathies
is increasingly recognized. The MAPT H1 haplotype, a major risk factor for PSP, has also been
associated with CBD [49]. Genome-wide association studies suggest overlapping genetic architecture
between CBD, PSP, and certain forms of frontotemporal lobar degeneration (FTLD), implicating
genes involved in microtubule stabilization, vesicle trafficking, and glial activation [50]. While
familial CBD is rare, pathogenic MAPT mutations occasionally produce clinicopathological CBD,
expanding the phenotypic range [51]. Mechanistically, CBD pathology converges on the abnormal
aggregation of 4R tau, dysregulation of proteostasis, and microglial activation; however, the
molecular triggers remain unclear [52].

3.2. Diagnostic approach

CBD most often manifests as corticobasal syndrome, a clinico-anatomical construct
characterized by asymmetric akinetic-rigid parkinsonism, limb dystonia, and stimulus-sensitive
myoclonus. Patients may perceive the affected limb as “dead” or “foreign,” producing alien limb
phenomena with autonomous, purposeful-appearing movements [46,53]. Unlike PSP, ocular motor
abnormalities in CBD usually present as difficulty initiating voluntary saccades or subtle gaze
apraxia, rather than vertical saccadic slowing [54].

Cortical sensory deficits are frequent and may include impaired two-point discrimination,
astereognosis, and limb-kinetic apraxia [55]. Cognitive impairment typically involves executive and
visuospatial dysfunction, while episodic memory is often relatively preserved until late stages, a
valuable clinical clue against AD [48,55].

The Armstrong criteria (2013) remain the standard framework for defining probable and
possible CBD, but their sensitivity and specificity are modest in clinicopathological studies [46].
Importantly, CBS is often underpinned by non-CBD pathologies, most frequently AD, PSP, or FTLD
with TPD-43-immunoreactive pathology (FTLD-TDP), underscoring the role of neuropathological
examination as the definitive diagnostic standard [4,47,48,51].

To operationalize early recognition and reduce misclassification, a stepwise diagnostic
algorithm (Figure 2) integrates structured clinical assessment with neuroimaging, biomarkers, and
longitudinal reassessment:

1. Initial presentation: Asymmetric, levodopa-resistant parkinsonism with cortical signs such as
apraxia, cortical sensory loss, or alien limb phenomena is the core entry point for CBS and the
most common clinical phenotype of CBD.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Entry Criteria

* >50 years old

* Insidious onset

* Gradual progression (21 year)

L Yes

No
—»[ Consider alternative diagnoses ]

Core Clinical Features
¢ Akinetic-rigid parkinsonism (poor levodopa response)
Longitudinal Review e Limb dystonia
* CBS phenotypes may evolve: ¢ Stimulus-sensitive myoclonus None
Toward PSP (falls, vertical gaze palsy) « Alien limb phenomena (limb feels foreign or moves
Toward AD-type dementia (memory decline) involuntarily)
* Re-evaluation over time is essential ¢ Apraxia (difficulty carrying out learned movements).
- ¢ Cortical sensory loss (e.g., astereognosis, impaired 2-
point discrimination)

L 21 present

[ Assess diagnostic certainty ]

L L
Narrow, more specific: Broader, more inclusive:
* Onset 250 years, gradual progression ¢ Onset <50 or family history allowed
* No similar family history, no known tau mutations ¢ Phenotype: Possible CBS / FBS / naPPA / PSP-like and
* Clinical phenotype = Probable CBS or FBS (frontal >1 CBS feature
behavioral-spatial) or naPPA (non-fluent/agrammatic
PPA) and at least one CBS feature

| |

Probable CBD Possible CBD
TSUpportive T Supportive L Exclusion

Supportive Features Investigations Red Flags
* Cognitive/behavioral: ¢ MRI: Asymmetric frontoparietal atrophy (contralateral  Sustained levodopa response = think of PD
Executive/visuospatial impairment to most affected limb) ¢ Early prominent memory loss = think of AD
Non-fluent/agrammatic speech ¢ FDG-PET/SPECT: Asymmetric hypometabolism in « Early hallucinations/RBD - PD/DLB/MSA
* Motor: frontoparietal cortex  Dysautonomia/cerebellar signs - MSA
Tremor (often atypical, unlike that of PD) * Tau PET: New tracers may show perirolandic and basal * GRN/TDP-43/FUS mutation
Gait/postural instability ganglia uptake in CBD
 Fluid biomarkers: Elevated NfL suggests atypical
parkinsonism, but not a disease-specific marker

*Summary for Students
Think “older patient with asymmetric parkinsonism plus higher cortical signs (apraxia, alien limb, cortical sensory loss)”

Figure 2. Diagnostic flowchart for corticobasal syndrome (CBS). The algorithm summarizes clinical entry
criteria, core motor and cortical features, diagnostic certainty (probable vs. possible corticobasal degeneration),

supportive findings, exclusion red flags, and the need for longitudinal reassessment.

2. Application of the Armstrong criteria: Differentiating between probable and possible CBD
provides a standardized clinical framework, although with limited sensitivity and specificity in
practice.

3. Neuropsychological evaluation: Formal testing of executive, visuospatial, and language domains
is crucial. A non-fluent/agrammatic language profile supports CBD, while early episodic memory
loss points toward AD-related CBS.

4. MRI assessment: Characteristically reveals asymmetric frontoparietal atrophy contralateral to the
most affected limb, sometimes with basal ganglia atrophy. Although not specific, it strengthens
the clinico-anatomical correlation.

5. Functional imaging, such as ['*F]Fluorodeoxyglucose positron emission tomography (FDG-PET)
or perfusion SPECT, typically demonstrates asymmetric hypometabolism or hypoperfusion in
the frontoparietal cortex and basal ganglia, with relative sparing of the midbrain and cerebellum.
These features help separate CBD from PSP/MSA but overlap with AD-related CBS.

6. Tau PET: New-generation tracers (['*F]PI-2620, ['8F]florzolotau) show asymmetric uptake in
perirolandic and basal ganglia regions in pathologically confirmed CBD, complementing MRI for
early detection of 4R tau pathology.

Distributed under a Creative Commons CC BY license.
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7. Fluid biomarkers: Elevated NfL is a common finding and correlates with disease progression.
Combined with imaging and neuropsychological testing, it improves discrimination between
CBS due to CBD and CBS from AD or other pathologies.

8. Longitudinal reassessment: Phenotypes may evolve toward PSP-like Richardson’s syndrome,
behavioral variant FTD, non-fluent aphasia, or posterior cortical atrophy. Ongoing clinical
review is essential, as early labels often shift with disease progression.

This algorithm underscores that CBD diagnosis is inherently probabilistic, given the
pleomorphic nature of CBS. Multimodal integration —anchoring clinical suspicion with structured
criteria, neuropsychological profiling, advanced neuroimaging, and supportive biomarkers—
maximizes diagnostic confidence and accuracy. Ultimately, however, pathology remains the gold
standard, and diagnostic frameworks should be applied dynamically, with recognition that
phenotypes may shift across the disease course.

3.3. Phenotypic spectrum

Pathologically confirmed CBD can present with diverse phenotypes beyond CBS, including
behavioral variant FTD, PSP-like Richardson syndrome, non-fluent/agrammatic primary progressive
aphasia, and posterior cortical atrophy [47,48,55]. Conversely, CBS may be produced by AD, PSP,
FTLD-TDP, or mixed pathologies [47,48,55]. Phenotypic evolution over time is common,
underscoring the importance of longitudinal reassessment rather than fixed diagnostic labelling [56].

3.4. Investigations and biomarkers

3.4.1. MRI

CBD typically shows asymmetric frontoparietal atrophy contralateral to the most affected limb,
sometimes with basal ganglia atrophy [47,56]. Advanced morphometric analyses, such as voxel-
based morphometry and cortical thickness mapping, may detect changes earlier but lack specificity
at the individual level [6].

3.4.2. FDG-PET and perfusion SPECT

These modalities often reveal asymmetric hypometabolism or hypoperfusion in the
frontoparietal cortex and basal ganglia, extending to the supplementary motor area, with relative
sparing of the midbrain and cerebellum. This pattern supports differentiation from PSP and MSA but
overlaps with AD-related CBS [48].

3.4.3. Tau PET

First-generation tracers such as ['8F]flortaucipir have shown variable binding in CBS/CBD and
lower sensitivity for pure 4R tau compared to AD-type mixed 3R/4R tau. Second-generation tracers
(['*F]P1-2620, ['*F]florzolotau) display higher affinity for 4R tau and, in pathologically confirmed
CBD, show asymmetric uptake in perirolandic and basal ganglia regions that complement MRI
findings [33].

3.4.4. Fluid biomarkers

No single CSF or plasma biomarker reliably distinguishes CBD from other tauopathies. NfL is
often elevated, correlating with disease severity and rate of progression, and may aid in
differentiating CBS due to CBD from CBS due to AD when combined with structural imaging and
neuropsychological testing focused on language and executive function [39].

3.5. Pathology

Neuropathological examination reveals widespread deposition of hyperphosphorylated 4R tau
in neurons and glia. Astrocytic plaques, particularly in the cortex and striatum, are a defining feature
that distinguishes CBD from PSP and other tauopathies. Coiled bodies in oligodendrocytes and
ballooned neurons further characterize the pathology. Lesion distribution corresponds to the
asymmetric cortical and extrapyramidal signs observed clinically [47,48].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.6. Treatment and management

There is no therapy proven to alter the underlying pathology of CBD. Management is
symptomatic and multidisciplinary. Trials of levodopa may be undertaken for parkinsonism, though
responses are typically modest and short-lived [46]. Amantadine can be considered for gait freezing
and other parkinsonian features [56]. Botulinum toxin injections may reduce focal dystonia or rigidity
that interferes with function [57]. Myoclonus may respond to valproate or levetiracetam. Supportive
measures, including early speech-language therapy for dysarthria and dysphagia, occupational
therapy to address apraxia, and physiotherapy with mobility aids to prevent falls, are critical [4].

Given the phenotypic overlap with other tauopathies and AD, a multimodal diagnostic
approach—integrating detailed clinical characterization, longitudinal follow-up, structural and
functional imaging, and targeted biomarker analysis—is essential for early and accurate recognition
[6]. Such an approach not only guides prognosis and counselling but also facilitates enrolment into
clinical trials testing tau-targeted disease-modifying therapies [33,39].

4. Multiple System Atrophy (MSA)

MSA is a rapidly progressive a-synucleinopathy defined by the combination of autonomic
failure and motor features— parkinsonism and/or cerebellar ataxia—in the absence of an alternative
diagnosis [11]. Two motor phenotypes are recognized: the parkinsonian form (MSA-P), in which
striatonigral degeneration predominates and parkinsonism is the major motor presentation, and the
cerebellar form (MSA-C), characterized by olivopontocerebellar atrophy and limb/gait ataxia [58].
Phenotypic evolution is common, with many individuals acquiring mixed features as the disease
progresses [2,59]. Contemporary prevalence estimates are approximately 4 per 100,000, with onset
typically occurring between the ages of 53 and 55 years, a roughly equal sex distribution, and a
median survival of between 6 and 10 years [59,60]. Onset before age 30 is sporadic. Although rare,
sporadic familial clusters have been reported, most notably in association with COQ2 mutations,
particularly in East Asian cohorts [61,62].

4.1. Etiology and genetics

MSA is considered a primary oligodendrogliopathy, characterized by a-synuclein aggregation
within glial cytoplasmic inclusions (Papp-Lantos bodies), which serves as the neuropathological
hallmark [11]. The molecular basis remains incompletely understood. Rare pathogenic or risk
variants in COQ?2, a gene encoding a key enzyme in coenzyme Q10 biosynthesis, have been identified
in Japanese and other Asian populations, particularly in MSA-C, and are associated with reduced
tissue and plasma coenzyme Q10 levels [61,62]. Additional genetic studies have explored SNCA
variants and other mitochondrial or lysosomal genes; however, no robust, population-wide
associations have been established outside of COQ2 [59].

4.2. Diagnostic approach

The diagnosis of MSA requires the integration of autonomic, motor, and supportive features, as
outlined in the 2022 MDS diagnostic criteria [2]. In MSA-P, parkinsonism is typically symmetric,
poorly or transiently responsive to levodopa, and lacks the classic pill-rolling rest tremor of
Parkinson’s disease. Jerky postural or action tremor, often associated with cortical myoclonus, is a
common occurrence. In MSA-C, gait and limb ataxia predominate, accompanied by dysarthria and
oculomotor abnormalities, with parkinsonism emerging later in the course.

Autonomic failure is a defining hallmark and may precede motor symptoms by several years. It
encompasses neurogenic orthostatic hypotension, urinary urgency or retention with large post-void
residuals, and erectile dysfunction in men [60]. Respiratory manifestations, notably nocturnal
inspiratory stridor due to laryngeal abductor paresis, may appear early and are associated with worse
survival [63,64]. Supportive clinical features include REM sleep behavior disorder, early postural
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instability, orofacial dystonia, and severe gait freezing, whereas early dementia or prominent

hallucinations argue against MSA [2,59].

A structured stepwise diagnostic algorithm (Figure 3) supports this multimodal evaluation:

1. Initial presentation: Suspect MSA when symmetric parkinsonism (MSA-P) or cerebellar
syndrome (MSA-C) co-occurs with autonomic dysfunction. Autonomic features frequently
precede motor involvement and are diagnostically pivotal.

2. Autonomic assessment: Comprehensive evaluation—including tilt-table testing, Valsalva
maneuver, and urodynamics—documents cardiovascular and urogenital dysfunction,
confirming autonomic failure as a diagnostic cornerstone.

3. Motor examination: Poor or transient levodopa response, jerky cortical myoclonus, or focal
dystonia support MSA over PD, in which sustained levodopa benefit and classic rest tremor are
typical.

4. MRI assessment: Characteristic signs include the “hot cross bun” sign in the pons, putaminal
atrophy or hypointensity, and middle cerebellar peduncle (MCP) hyperintensity/atrophy.
Quantitative morphometry of MCP width and pons-to-MCP ratios enhances early diagnostic
accuracy.

5. Dopaminergic imaging: DAT-SPECT confirms presynaptic dopaminergic loss but does not
differentiate MSA from PD or PSP, serving only to establish neurodegeneration.

6. Cardiac "#I-MIBG scintigraphy: Normal uptake in MSA versus markedly reduced uptake in
PD/dementia with Lewy bodies helps distinguish between synucleinopathies.

7. FDG-PET: Hypometabolism in the putamen, pons, and cerebellum, with cortical sparing,
supports MSA and helps separate it from PSP and PD.

8. Pathology: The definitive diagnosis rests on the demonstration of a-synuclein—positive glial
cytoplasmic inclusions in oligodendrocytes, but this is typically confirmed post-mortem.

9. Longitudinal reassessment: As motor, autonomic, and cerebellar features evolve, ongoing clinical
review is critical to ensure accurate classification, prognosis, and trial eligibility.

This algorithm emphasizes that early recognition of autonomic dysfunction, combined with
supportive motor and imaging features, is central to diagnosing MSA. While classical MRI signs (e.g.,
“hot cross bun”) are highly supportive in the correct context, specificity is strengthened when
combined with quantitative imaging, FDG-PET, and biomarker panels. Longitudinal reassessment
remains essential, as phenotypic evolution—particularly from isolated autonomic failure to
combined motor syndromes—often clarifies the diagnosis over time.
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Entry Criteria

* Sporadic onset (>30 years)
¢ Progressive disorder

¢ No strong family history

L Yes

Core Clinical Features
¢ Autonomic dysfunction (at least one):
« Unexplained urinary urge incontinence
« Unexplained voiding difficulty with post-void

No
—»[ Consider alternative diagnoses ]

Longitudinal Review

Follow progression: residual 2100 mL. None
 Worsening autonomic failure « Neurogenic orthostatic hypotension (drop >20/10 Unlikely MSA
 Parkinsonism unresponsive to L-dopa mmHg)

* Worsening ataxia with “hot cross bun” sign e Parkinsonism (poorly levodopa-responsive rigidity/

- bradykinesia)

 Cerebellar syndrome (gait ataxia, limb ataxia, cerebellar
dysarthria, oculomotor signs)

Lzz present

( Assess diagnostic certainty )

|
L L L

>1 core autonomic feature &
Parkinsonism or cerebellar syndrome &
>2 supportive features (see below) &
>1 supportive MRI marker

I I |

[Clinically Established MSA] [ Clinically Probable MSA ] [ Possible Prodromal MSA ]

T Supportive L Exclusion
Red Flags

¢ 22 core features (any combination of
autonomic, parkinsonism, cerebellar) &
* 21 supportive feature

 Subtle/isolated autonomic dysfunction
¢ REM sleep behaviour disorder

* Nonspecific MRI/autonomic test
changes.

T Supportive

Supportive Features MRI Markers

* Motor: rapid progression (<3 years), early
postural instability, craniocervical dystonia with
L-dopa, jerky tremor, severe dysarthria/
dysphagia

* Non-motor: stridor, inspiratory sighs, erectile

For Clinically Established MSA:

* MSA-P (parkinsonian type): Putaminal
atrophy with hypointensity

* MSA-C (cerebellar type): Middle cerebellar
peduncle or pons atrophy, “hot cross bun” sign

« Sustained levodopa response - more likely PD

* Onset <30 years/strong family history - consider
genetic/parkinsonism plus syndromes

* Early hallucinations or dementia - consider DLB
or PSP

dysfunction (before age 60), cold/discoloured
extremities, pathological laughter/crying

*Summary for Students

Think “progressive disorder with autonomic failure + parkinsonism or ataxia”
 If autonomic + MRI + supportive features - Clinically Established MSA

« If core features without MRI = Clinically Probable MSA

 If only early subtle features - Possible Prodromal MSA.

Figure 3. Diagnostic flowchart for multiple system atrophy (MSA) according to the 2022 Movement Disorder
Society criteria. The flowchart summarizes the stepwise evaluation of entry features, core clinical domains,
supportive findings, MRI markers, and exclusion criteria to differentiate clinically established, clinically
probable, and possible prodromal MSA.

4.3. Phenotypic spectrum

Although MSA-P and MSA-C are the two recognized motor subtypes, patients often develop
features of both forms as the disease progresses. MSA-P may later exhibit cerebellar signs, whereas
MSA-C often evolves to include bradykinesia and rigidity [2,59]. The relative frequency of subtypes
varies geographically, with MSA-C predominating in East Asia and MSA-P being more common in
Western populations [2,59,65]. A prodromal phase, characterized by isolated autonomic failure,
polysomnography-confirmed REM sleep behavior disorder, and subtle motor abnormalities, is
increasingly recognized and is now a research category in the MDS criteria [2,59].

4.4. Investigations and biomarkers

4.4.1. MRI
Conventional imaging may reveal the “hot cross bun” sign in the pons, reflecting cruciform T2
hyperintensity due to selective pontocerebellar tract degeneration, as well as hyperintensity in the
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MCP with associated atrophy. In MSA-P, putaminal atrophy and posterolateral T2 hyperintensity
with hypointense signal (“slit” sign) are common. Quantitative MRI morphometry, including MCP
width and pons-to-MCP area ratios, improves early detection and reproducibility across centers [6].

4.4.2. Functional imaging

FDG-PET reveals hypometabolism in the putamen, pons, and cerebellum, with relative
preservation of cortical metabolism—patterns that help distinguish MSA from PSP and Parkinson’s
disease [66,67]. DAT-SPECT confirms presynaptic dopaminergic loss but cannot distinguish MSA
from other degenerative parkinsonisms [68]. Cardiac ?I-MIBG scintigraphy is usually normal or only
mildly reduced in MSA, in contrast to the marked reduction seen in PD and dementia with Lewy
bodies, aiding differential diagnosis in appropriate contexts [69].

4.4.3. Autonomic testing

Formal autonomic evaluation, including tilt-table testing, Valsalva maneuver, and quantitative
sudomotor axon reflex testing, documents the severity and pattern of dysfunction. Urodynamic
studies often reveal detrusor overactivity with impaired contractility or detrusor—sphincter
dyssynergia [70,71].

4.4.4. Fluid and molecular biomarkers

NfL concentrations in plasma and CSF are consistently higher in MSA than in PD and correlate
with disease severity, rate of progression, and survival [72,73]. a-Synuclein seed amplification assays,
while highly sensitive for Lewy body disorders, are less sensitive in MSA due to the distinct a-
synuclein strains. However, ongoing refinements and alternative tissue sampling (e.g., skin) are
improving sensitivity [11,74,75]. a-Synuclein PET tracers such as [*¥F]JACI-12589 have shown
promising in vivo binding patterns in MSA and may enable pathology-specific diagnosis and staging
in future clinical practice [76].

4.5. Pathology

Neuropathology reveals widespread oligodendroglial cytoplasmic inclusions composed of
misfolded a-synuclein, accompanied by neuronal loss and gliosis in the striatonigral and
olivopontocerebellar systems [77]. Lesion distribution explains the distinct motor phenotypes and
associated imaging signatures. Emerging work highlights oligodendroglial vulnerability, myelin
dysfunction, and innate immune activation as convergent disease mechanisms [59,75].

4.6. Treatment and management

There is no proven disease-modifying therapy for MSA. Parkinsonism may exhibit limited and
transient benefit from levodopa, often constrained by the exacerbation of orthostatic hypotension.
Management of neurogenic orthostatic hypotension involves fluid and salt supplementation,
compression garments, head-up sleeping, and pharmacological agents such as midodrine,
droxidopa, and, selectively, fludrocortisone [60]. Bladder dysfunction requires tailored interventions
based on urodynamic findings, ranging from behavioral strategies to intermittent catheterization and
intradetrusor botulinum toxin. Erectile dysfunction may respond to phosphodiesterase-5 inhibitors,
provided that blood pressure is carefully monitored. Stridor is managed with early otolaryngology
assessment, continuous positive airway pressure, or tracheostomy in severe cases, the latter
associated with improved survival in selected patients [64]. REM sleep behavior disorder can be
treated with melatonin or clonazepam. Multidisciplinary rehabilitation —including physiotherapy,
occupational therapy, speech-language therapy, and nutritional support—should be initiated early
to address gait instability, dysarthria, and dysphagia.

Several disease-modifying strategies are in clinical development. High-dose ubiquinol has
shown modest slowing of motor decline in a phase 2 trial, supporting a possible role for coenzyme
Q10 supplementation in genetically susceptible subgroups [61]. a-Synuclein immunotherapies, such
as amlenotug (Lu AF82422), have demonstrated safety and target engagement in early-phase studies
and are advancing to phase 3 evaluation [78]. The metal-binding modulator ATH434 has reported
positive topline phase 2 results, with confirmatory trials underway [79]. As these therapies progress,
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the integration of the MDS diagnostic framework, quantitative imaging, and fluid biomarkers into
recruitment strategies is becoming standard, allowing for earlier and biologically confirmed trial
enrollment [2,59].

5. Discussion

Despite notable advances in clinical criteria, imaging, and biomarkers, the diagnosis of atypical
parkinsonian disorders—PSP, CBD, and MSA —remains challenging, particularly during the early
and prodromal phases when intervention might be most effective [1,2,46]. A comparative summary
of the core clinical, pathological, and imaging features distinguishing PSP, CBS/CBD, MSA, and PD
is provided in Table 1. This overview highlights the main elements that underlie diagnostic
uncertainty and frame the subsequent discussion. The 2017 MDS-PSP and 2022 MDS-MSA criteria
have expanded the phenotypic capture; however, clinicopathological correlation studies indicate that
misclassification persists, with sensitivity and specificity varying across disease stages [1,2]. Moving
from syndromic, probabilistic diagnosis to biologically anchored certainty will require the integration
of multimodal evidence —disciplined clinical phenotyping, standardized oculomotor and autonomic
testing, quantitative structural and molecular imaging, and fluid biomarkers—into harmonized
diagnostic algorithms.

First, there is the problem of phenotypic overlap in the early phase. APDs often present with
parkinsonism indistinguishable from Parkinson’s disease during the first years. Anchoring bias at
the initial consultation, combined with the slow accrual of defining signs, leads to prolonged
diagnostic latency [80]. This limitation underscores the need for longitudinal re-evaluation built into
care pathways, with predefined review points and triggers for ancillary testing.

Second, the trade-off between sensitivity and specificity in diagnostic criteria remains
unresolved. The broadened MDS-PSP criteria capture variant phenotypes (PSP-parkinsonism, PSP-
CBS, and PSP-frontotemporal presentations) but show reduced specificity in the early stages of the
disease [1]. The MDS-MSA framework defines “clinically probable” and “possible prodromal”
categories, but validation in prospective, pathology-confirmed cohorts is incomplete [2]. Dynamic
“living criteria” that incorporate imaging and biomarker thresholds, periodically recalibrated with
autopsy-verified data, are needed.

Third, pathological pleomorphism—particularly in CBS—complicates clinicopathological
correlation. While CBS is the most common presentation of CBD, it frequently results from PSP, AD,
FTLD-TDP, or mixed pathologies [5]. Without amyloid and phospho-tau testing, or 4R tau—sensitive
PET, distinguishing these entities remains unreliable. Incorporating such markers early could refine
etiological diagnosis, stratify trial populations, and prevent the inclusion of inappropriate trial
participants.

Fourth, imaging biomarkers are variably applied and not sufficiently standardized. Classical
MRI signs—the hummingbird sign in PSP, the hot-cross-bun in MSA, asymmetric frontoparietal
atrophy in CBD —remain supportive but nonspecific. Quantitative indices, such as MRPI 2.0, improve
discrimination, particularly between PSP-parkinsonism and PD [6-8]. However, multicenter
calibration, reproducible cut-offs, and open-source automated pipelines are needed for routine

adoption.
Table 1. Differential Diagnosis: Parkinson’s Disease vs Atypical Parkinsonisms.
P i Corticobasal
rogressive orticobasa Multiple System Atrophy Parkinson’s
Feature Supranuclear Syndrome (MSA) Di (PD)
isease
Palsy (PSP) (CBS/CBD)
Much higher than
Prevalence ~7 per 100,000 ~4 per 100,000 ~4 per 100,000 atypical
parkinsonisms
>60 years, .
Onset Age 63 years variable 53-55 years Typically >60 years
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MSA-P: tri
Symmetric Asymmetric . S}.Imme e Asymmetric
. . L . parkinsonism (poor . .
Motor parkinsonism, rigidity, dystonia, parkinsonism,
e levodopa response); MSA- )
Symptoms  early axial rigidity, myoclonus, . . classic rest tremor,
. C: cerebellar signs (ataxia, . .
backwards falls apraxia ) shuffling gait
dysarthria)
Difficult
Vertical . 1, 1cu y
initiating .
. supranuclear gaze Rare, nonspecific ocular Rare ocular
Ocular Signs voluntary . .
palsy, slow signs involvement
. saccades, gaze
vertical saccades .
apraxia
Subcortical . .
. Frontal-executive Cogmtlve
dementia . L . . .
. . and parietal Cognitive impairment may impairment
Cognitive (executive . .
. . dysfunction; alien occur, but not early or usually occurs late
Profile dysfunction, . } . o
) d limb; cortical prominent (dementia in
slowe
. sensory loss advanced PD)
processing)
Prominent: orthostatic
Not i t h t ion, uri
Autonomic ©! profinen ) : ypolensmn urmaTry Mild compared
. early; may appear Rare or mild incontinence/retention, .
Dysfunction . . with MSA
late erectile dysfunction,
constipation
4R-tauopathy
4R-tauopath astrocytic
Key Hopathy ( e a-synucleinopathy (glial a-synucleinopathy
Pathol (globose tangles, plaques, ton] ic inclusions) L bodies)
atholo: cytoplasmic inclusions ewy bodies
8y tufted astrocytes) ballooned yrop y
neurons)
Asymmetric
Midbrain atrophy frontoparietal “Hot cross bun” sign Often, normal or
Imaging (“hummingbird atrophy (pons), putaminal nonspecific
sign”); TMRPI 2.0 (contralateral to atrophy/hypointensity changes
the affected limb)
Levodopa Poor, transient at Poor or transient (rare Good, especially
Poor or absent .
Response best sustained response) early
Early falls (<3 , Classic pill-rolli
arly falls (<3 yrs) Alien limb, Early stridor, rapid assic pti-roTing
pseudobulbar . . tremor, clear
Other Key cortical sensory progression, cold
palsy, reduced ’ - honeymoon
Features . loss, asymmetric extremities, REM sleep
blink, square-wave . . . response to
. apraxia behavior disorder
jerks levodopa
Asymmetric
parkinsonism Asymmetric,
L Falls and eye . . . . .
Teaching tip ¢ with cortical signs Autonomic failure plus tremor-dominant,
movemen
for students (apraxia, alien parkinsonism/ataxia levodopa-
problems early . ]
limb responsive
phenomenon).

Fifth, molecular imaging shows promise but lacks definitive clinical integration. Second-

generation tau PET tracers such as ["®F]PI-2620 and ['®F]florzolotau have revealed characteristic

uptake patterns in PSP/CBD, but require harmonization of acquisition protocols and disease-specific
thresholds [33,34]. For MSA, a-synuclein PET (['®F]ACI-12589) offers an unprecedented pathology-
specific signal [33,34,76]; however, larger studies must address confounders such as co-pathology

and off-target binding.

Sixth, dopaminergic imaging has limited nosological resolution. DAT-SPECT confirms

presynaptic nigrostriatal degeneration but cannot reliably distinguish PD from PSP or MSA [36].
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Over-reliance on this modality risks overdiagnosis; it should be reserved for resolving the binary
question of degenerative versus non-degenerative parkinsonism.

Seventh, autonomic and peripheral sympathetic markers remain underused. In the hands of
experienced practitioners, cardiac '?I-MIBG scintigraphy supports the differentiation between Lewy
body disorders and MSA/PSP [37], but its diagnostic accuracy is context-dependent. Comprehensive
autonomic testing —utilizing tilt-table, Valsalva maneuver, and quantitative sudomotor axon reflex
testing —should be incorporated into the early work-up where available.

Eighth, fluid biomarkers are supportive but not yet definitive. Plasma and CSF NfL levels are
consistently elevated in APDs compared with PD and correlate with disease progression [72,73], but
lack pathology specificity. Seed amplification assays for a-synuclein can identify Lewy body
pathology but are often negative in MSA due to strain differences [81]. Multiplex biomarker panels
integrating NfL with astrocytic and microglial markers could enhance discriminatory power.

Ninth, verification bias and scarcity of pathology-proven datasets undermine the external
validity of diagnostic algorithms. Most validation studies rely on clinical diagnosis without
neuropathological confirmation, perpetuating circular reasoning. Autopsy-linked, longitudinal
cohorts, with interim biospecimen anchors, are needed to generate accurate diagnostic accuracy
metrics.

Tenth, implementation barriers and inequitable access to advanced diagnostics create
geographic and socioeconomic disparities in early diagnosis and trial enrolment. Resource-limited
settings often lack access to quantitative MRI, tau PET, or autonomic laboratories. Hub-and-spoke
referral models, shared-reading networks for advanced imaging, and the deployment of cost-
effective minimal diagnostic panels could address these gaps. Machine learning applied to
harmonized multimodal datasets may further enhance early-stage classification, provided that
rigorous external validation is conducted and bias mitigation is explicitly addressed.

Future directions should prioritize integrating multimodal evidence into tiered algorithms,
anchored in MDS criteria but refined with imaging, oculomotor, autonomic, and biomarker data. For
PSP and CBD, combining MRPI 2.0 with 4R tau-sensitive PET and plasma/CSF NfL could raise
diagnostic confidence years before classical signs emerge. For MSA, the combination of preserved
cardiac '®I-MIBG uptake, characteristic MRI changes, high NfL, and emerging a-syn PET could
achieve similar gains. CBS should routinely be screened for AD co-pathology using amyloid and p-
tau markers, with 4R tau PET reserved for suspected primary tauopathies.

Ultimately, the shift from descriptive syndromes to biologically anchored diagnoses will depend
on collaborative, standardized, and equity-conscious implementation of these tools, embedded in
prospective, autopsy-verified cohorts. This approach offers the best prospect of shortening diagnostic
delays, enriching disease-modifying trials with precisely characterized participants, and delivering
earlier, more personalized care.
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a-syn Alpha-synuclein

13[-IBZM [***[[lodobenzamide

12[-MIBG ['#I]Metaiodobenzylguanidine

4R tau 4-repeat tauopathy

AD Alzheimer’s disease

APD Atypical parkinsonian disorder

AUC Area under the receiver operating characteristic curve
CBS Corticobasal syndrome

CBD Corticobasal degeneration

CSF Cerebrospinal fluid

DAT-SPECT Dopamine transporter single-photon emission computed tomography
FDG-PET ['8F]Fluorodeoxyglucose positron emission tomography
FTD Frontotemporal dementia

FTLD Frontotemporal lobar degeneration

FTLD-TDP FTLD with TPD-43-immunoreactive pathology
GSK-3$ Glycogen synthase kinase-3 beta

MCP Middle cerebellar peduncle

MDS Movement Disorder Society

MRI Magnetic resonance imaging

MRPI 2.0 Magnetic Resonance Parkinsonism Index 2.0

MSA Multiple system atrophy

MSA-C Multiple system atrophy, cerebellar phenotype
MSA-P Multiple system atrophy, parkinsonian phenotype
NfL Neurofilament light chain

PD Parkinson’s disease

PET Positron emission tomography

PSP Progressive supranuclear palsy

PSP-CBS PSP with corticobasal syndrome

PSP-FTD PSP with frontotemporal dementia

pPSp-p PSP-parkinsonism

PSP-PGF PSP with predominant gait freezing

PSP-RS PSP-Richardson’s syndrome
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