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OUTLINE

➢The 19th Century View

➢Current Diagnostic Challenges

➢The Promise of Biomarkers



The “Shaking Palsy” – A Syndrome Observed on the Street

“Involuntary tremulous 
motion, with lessened 
muscular power, in parts not in 
action and even when  
supported; with a propensity 
to bend the trunk forwards, 
and to pass from a walking to 
a running pace:  the senses 
and intellects being  
uninjured.”



Lees A; Brain 2017:40:843-848

Picture of King‘s Bench Prison Yard , Southwark, 1808-1811



Diagnosing PD on the Street

‚….I have seen such patients
everywhere on the streets of
Rome, of Amsterdam, in Spain –
it is always the same picture. 
They can be identified from
afar, you do not need a medical
history….‘

Charcot, Lecons du Mardi 1888 (quoted in: Lees A; Brain 2017:40:843-848



Accuracy of a Clinical Diagnosis of PD

• Meta-Analysis of 11 clinico-pathological studies

• Pooled diagnostic accuracy of 80.6 % 

Dx by non experts
Dx by MD experts 1st visit
Dx by MD experts after FU
Dx based on UKBB criteria

Rizzo & al, Neurology 2016



Parkinson – a disease with many faces

Young 
onset PD

Mild Motor 
predominant

Tremor-dominant 
PD

PIGD-Dominant
Malignant

diffuse 

Intermediate

Is Parkinson’s Disease a Single Entity? 

Parkinson‘s
Disease

Clinically 
Defined

Biomarker-defined Subtypes: Monogenic, GBA-PD, genetic & non-
genetic biomarker signature  



The Course of Parkinson‘s Disease
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Prodromal PD

Bradykinesia
Rigidity
Tremor

Fluctuations

Dyskinesia
Axial 

deformities

Dysphagia

Postural instability and 
gait disorder

Falls

Excessive 
daytime 
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Mild cognitive 
impairment
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Urinary 
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Poewe W, et al. (2017) Nat Rev Dis Primers, 3:17013.



Diagnosing PD: Role of Biomarkers

•Clinical Markers 

• Imaging

•Genetics

•Biofluids

• Tissues

PD

Prodromal

Mimics

Subtypes

Preclinical

http://www.bbc.co.uk/health/images/300/sleep.jpg


Imaging Methods used to study Parkinson Disease

Poewe, W. et al. (2017) Parkinson disease

Nat. Rev. Dis. Primers doi:10.1038/nrdp.2017.13

Radiotracer

MRI

TCS



Detecting PD pathology on MRI

Pathoanatomical (tissue integrity)

Functional (pathophysiology)

Basal Ganglia

Substantia nigra

Cortex

rs-fMRI

Diffusion-Tensor Imaging

Volumetry / Planimetry

Iron-sensitive Imaging

Tractography

Magnetization Transfer Imaging

Neuromelanin-sensitive MRI

„Brain 
connectivity“



Loss of Dorsolateral Nigral Hyperintensity (DNH)  – an Imaging 

Biomarker for PD? 

The „swallow-tail“ sign

In post-mortem 7T MRI correlates with Nigrosome 1, a 

histological concept referring to calbindin-poor sub-regions in 

the SNc Blazejewska et al. 2013 NeurologySchwarz et al. 2014 Plos One

Reiter et al. 2015 



Performance of DNH  in diagnosing PD

Meta-Analysis PD (n) controls (n) Pooled Sensitivity (%) Pooled specificity (%)

all studies n=10 364 231 97.7 (95%CI, 85.5–99.7) 94.6 (95%CI, 89.8–97.2)

at 3.0T n=7 307 184 94.6 (95%CI, 85.8–98.0) 94.4 (95%CI, 87.7–97.5)

Mahlknecht et al. 2017



Loss of DNH: an MRI marker of prodromal PD ?

• 90 PD, 13 iRBD, 35 HC

• 3T Susceptibility-Weighted

images (SWI) assessed by two

blinded raters

• Loss of DNH

• 10 of 13 (76.9%) iRBD pts.

• 83 of 90 (92.2%) PD pts.

• 1 of 35    (2.8%)   HC‘s



➢SWI of SN in 46 RBD vs 27 PD vs 32 Ctrls.
➢Loss of DNH
➢96% of PD
➢27% of RBD
➢ 8% of Ctrls

➢Putamenal DAT-Spect signal lower in 
RBD/DNH- vs RBD/DNH+



Diagnosing PD: Role of Biomarkers

•Clinical Markers 

• Imaging

•Genetics

•Biofluids

• Tissues
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Diagnosing PD via ⍺-Synuclein seeding activity in CSF? 

Diagnostic Groups Sensitivity Specificity Authors

PD (20) vs Ctrls (15) 95 % 100 % Fairfoul & al., 2016

PD (76) vs Ctrls (83) 88 % 94 % Shahwanaz & al., 2017*

PD (53) vs Ctrls (52) 84 % 98 % Van Rumund & al., 2019

PD (10) vs Ctrls (10) 90 % 80 % Garrido & al., 2019

PD (105) vs Ctrls (79) 96 % 82 % Kang & al., 2019

PD (71) vs Ctrls (62) 94 % 98 % Rossi & al., 2020

PD (94) vs Ctrls (56) 94 % 100 % Shahwanaz & al., 2020*

PD (53) vs non-a-syn
parkinsonism (26)

84 % 89 % Van Rumund & al., 2019

PD (71) vs PSP/CBS (30) 94 % 100 % Rossi & al., 2020

PD  (88) vs MSA (65) 95% - Shahwanaz & al., 2020*
* PMCA



o 52 iRBD vs 40 matched HC‘s

o Baseline CSF a-syn RT-QuIC

o Long term follow-up (mean 7-8 yrs)

o 90% of iRBD vs 10% of HC‘s RT-QuIC pos

o Sensitivity and specificity of 90% 

o 62% vs 0 HC‘s of iRBD converted to PD/DLB 

o 97% of converters RT-QuIC positive at baseline



Tissue Biopsies for α-synuclein



Autopsied skin sample homogenates
- 57 with synucleinopathies
- 30 with tauopathies
- 41 NNC‘s
- 93% sensitivity & specificity

for a-syn RT-QuIC

In vivo Skin biopsy homogenates
- 20 PD
- 21 HC‘s
- 95% sensitivity & 100% specificity

for PD vs controls



Olfactory Neurons and Neural Pathway

Olfactory Neurons
• Ongoing replication
• Half life of 60 days
• From Stem cells



α-synuclein

RT-QuIC
α-synuclein

aggregates

⍺-SYNUCLEIN SEEDS IN THE OLFACTORY MUCOSA IN PD AND IRBD

 α-synuclein RT-QuIC in

olfactory mucosa samples

 63 iRBD

 41 PD

 59 controls

Stefani & al, Brain 2021
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In iRBD, RT-QuIC correlated with olfactory dysfunction

RT-QuIC positve:

• 44.4% of IRBD 

• 46.3% of PD 

• 10.2% of HC’s 

• Sensitivity (iRBD+PD vs ctrls): 

45.2%

• Specificity (iRBD+PD vs ctrls): 

89.8%

⍺-Synuclein Seeds in the OM in PD and iRBD

Stefani & al, Brain 2021
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CONCLUSIONS

• Dignosing PD still anchored on careful clinical examinatiom

• Imaging, genetic and molecular biomarkers help identify
• PD-mimics

• disease subtypes

• Prodromal PD 

• Identifying Prodromal PD is key for future disease-modifying therapies

• Population-based screening for PD risk is becoming a realistic
scenario


