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Parkinson’s Disease

• The second most common neurodegenerative disorder (Poewe, W., Seppi, K., 
Tanner, C. et al. Parkinson disease. Nat Rev Dis Primers 3, 2017)

• 2-3% of the population > 65 years of age

• 6.1 million people who had been affected worldwide in 2016 (GBD 2016 
Neurology Collaborators. Global, regional, and national burden of neurological disorders, 1990–2016: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet Neurol 2019)

• 3-5% monogenic PD

• PD not exists as a single entity. Every person has their own unique PD. 
We could say that there are over 6 million different variants of PD in the 
world (Bloem BR, Okun MS, Klein C. Parkinson's disease. Lancet. 2021 Jun 12)



What happens in Parkinson’s Disease ?

Loss of pigmented dopaminergic neurons in the 
Substantia Nigra (SN)

Abnormal deposition of alfa-sinuclein in the cytoplasm
of certain neurons in several different brain regions
(Lewy Bodies)



(Poewe, W., Seppi, K., Tanner, C. et al. Parkinson disease. Nat Rev Dis Primers 3, 2017)

Braak’s hypothesis



CARDINAL SYMPTOMS
• Bradykinesia
• Resting tremor
• Rigidity

Neuropsychiatric
symptoms

Sleep
disorders Autonomic

dysfunctions

Cognitive 
dysfunctions



When typical motor symptoms appear more than 60% of nigro-striatal neurons have been lost





Saeed U, Lang AE, Masellis M. Neuroimaging Advances in Parkinson's Disease and Atypical Parkinsonian
Syndromes. Front Neurol. 2020



McFarland NR. Diagnostic Approach to Atypical Parkinsonian Syndromes. 
Continuum (Minneap Minn). 2016 Aug



Progressive Supranuclear Palsy (PSP)





Multiple System Atrophy (MSA)





Lewy Body Disease



Corticobasal Degeneration





Vascular parkinsonism

Korczyn AD. Vascular parkinsonism--characteristics, pathogenesis and treatment. Nat Rev Neurol. 2015 Jun

 Lower body parkinsonism (less narrow

base of gait compared to PD)

 Posture is instable

 Spastic legs rather than rigid with brisk

tendon reflexes

 Pseudobulbar palsy

 Gait ignition failure

 Cognitive impairment

 Multiple vascular risk factors

 History of stroke

 Poor response to dopaminergic therapy



Drug-induced Parkinsonism

 Parkinsonian symptoms
emerge over the first 2 to 3 
months, although they may
also develop years after 
initial exposure and take 
months to resolve after 
discontinuation

 Rigidity is the most
common finding. 

 Bradykinesia and resting
tremor are more variable

Erro R, Bhatia KP, Tinazzi M. Parkinsonism following neuroleptic exposure: A double-hit 
hypothesis? Mov Disord. 2015 May



Essential Tremor
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Brain Parenchyma Sonoghraphy



Hyperechogenicity of 
Substantia nigra



SN hyperechogenicity as a vulnerability marker

SN hyperechogenicity can be detected in 
some healthy subjects (2 of 30 subjects):

2 years later 1 of these subjects was
diagnosed as having PD (Becker et al. 1995)



Physiopathology of the 
hyperechogenicity of Substantia 
Nigra 

• Increased iron deposition

• Loss of neuromelanin

• Increased glial cells



Temporal acoustic bone window, axial scanning 

planes

Orbitomeatal line

2.0- to 3.5-MHz phased-array transducer

TECHNIQUE

Walter U, Školoudík D. Transcranial sonography (TCS) of brain parenchyma in movement disorders: quality standards, diagnostic
applications and novel technologies. Ultraschall Med. 2014 Aug





Mesencephalic plane 1

Substantia Nigra

• 0,20 cm2 - 0,25 cm2: moderate hyperechogenicity

• > 0,25 cm2: marked hyperechogenicity

• < 0,20 cm2: normal

Planimetric assessment Echogenicity Grading

• Moderate
• Marked

U. Walter et al., «Transcranial brain parenchyma sonography in movement disorders: state of the art», Ultrasound Med. Biol



Mesencephalic plane 2

Raphe

Red Nucleus
Hypoechogenicity is found in about 50% to 70% of individuals
with unipolar depression



Diencephalic plane

III ventricle

• < 60 years old: < 7 mm

• > 60 years old: < 10 mm



Diencephalic plane 2

Lenticular Nucleus Thalamus

U. Walter, K. Krolikowski, B. Tarnacka, R. Benecke, A. Czlonkowska, e D. Dressler, «Sonographic detection 
of basal ganglia lesions in asymptomatic and symptomatic Wilson disease», Neurology, vol. 64, n. 10, 
pagg. 1726–1732, mag. 2005,



Parkinson’s Disease

 SN hyperechogenicity

 Normal raphe

 Normal III ventricle

 Normal lenticular nucleus



• No association with disease 
severity (Berg D, Siefker C, Becker G. 
Echogenicity of the substantia nigra in 
Parkinson’s disease and its relation to clinical 
findings. J Neu- rol. 2001 )

• No modification with 
progression, although is most 
increased controlateral to 
severe side (Berg D, Merz B, Reiners K, 
Naumann M, Becker G. Five-year follow-up 
study of hyperechogenicity of the substantia 
nigra in Parkinson’s disease. Mov Disord. 
2005;20:383–385)

•








Atypical Parkinsonisms

 SN normally echogenic or only slightly hyperechoic

 Lenticular nucleus hyperechogenic

 In PSP increased III ventricle width.



Multiple System Atrophy (MSA)

SN hyperechogenicity 0-25% (Behnke et al. 2005; Okawa 
et al. 2007); Walter et al.2007; Gaenslen et al.2008)

Hyperechogenicity of the lentiform nucleus is
found more than 70% of MSA patients



Progressive Supranuclear Palsy (PSP)

SN hyperechogenicity 0-41% (Behnke et al. 2005; Okawa et al. 2007; Walter et al. 2007; Gaenslen et al. 
2008)

PSP-Parkinsonian subtype of PSP (86%) vs PSP Richardson type (1/27 + third ventricle
dilatation)

(Bouwmans et al. 2010)



Lewy Body Disease

Bilateral marked SN hyperechogenicity
compared to PD

Not related to earlier disease onset



Corticobasal Degeneration

SN hyperechogenicity is frequent
(88%)

The co-occurence of 
hyperechogenicity of lenticular
nucleus may help to differentiate

Third-ventricle width < 10 mm



Vascular parkinsonism (Tsai et al. Transcranial color-coded sonography helps differentiation between idiopathic Parkinson’s disease and vascular

parkinsonism. 2007)

Donna, 63 anni
AR: stenosi a.succlavia sn, IRC III 
stadio, ipertensione arteriosa, 
agenesia seni frontali. Ipertrofisa
turbinati. Familiarità per MP.
Da circa sei mesi tremore AS sn.
ENO: Acinesia bilat (>sn), minimo 
tremore a riposo. Minima instabilità 
alla tirata. Ridotto pendolamento a 
sinistra.
RM Encefalo (09/2020): «presenza di 
puntiformi aree ipointense nelle 
sequenze GE-T2* nel n.lenticolare
bilateralmente, riferibili a minute 
calcificazioni.
DAT SPECT (08/2020): «non chiaro 
deficit della distribuzione del 
trasportatore presinaptico della 
dopamina»



Essential tremor (ET)

 ET patients have an increased risk of developing Parkinson’s Disease (PD) 
during their lifetime. 

 Absent SN hyperechogenicity (Stockner H, Sojer M, K KS, Mueller J, Wenning GK, Schmidauer C, Poewe W. 
Midbrain sonography in patients with essential tremor. Mov Disord. 2007)

 Patients with hyperechogenicity have an increased risk to develop PD

SWEDD (Stockner et al. Is transcranial sonography useful to distinguish scans without evidence of 

dopaminergic deficit patients from Parkinson's disease? 2012)



A female 76-years-old patient, suffering from 
ET from childhood developed tremor dominant 
PD, in the last year. 

ENO: head and voice tremor, kinetic postural 
and rest tremor of upper limbs, greater on the 
left, bilateral bradykinesia and reduction of 
synkinesis. 

Dopaminergic treatment was started with 
resolution of bradykinesia and improvement of 
tremor at rest. Brain MRI showed only mild 
brain atrophy; a DaT SPECT was apparently 
normal. BPS revealed a bilateral
hyperechogenicity of the Substantia Nigra (SN, 
right 0,46 cm2, left 0,33 cm2) (Figures)



Advantages and Limits of the 
method

Advantages

• Broadly available
• Quick to perform in moving patients
• Non-invasive
• Inexpensive

Limits

• Dependency on the temporal acoustic bone 
window; 

• Dependency of the method on the ultrasound
system;

• Dependency on the experience and skill of 
investigator.



Conclusions

• The diagnosis of PD and 
Parkinsonisms is still largely 
based on the clinical features

• BPS may have an important 
role in confirming the diagnosis 
in clinical practice



Grazie per 
l’attenzione!
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