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Accuracy of clinical diagnosis of idiopathic Parkinson's disease: 
a clinico-pathological study of 100 cases.

Hughes AJ, Daniel SE, Kilford L, Lees AJ.

Solo 76 pazienti presentavano le tipiche caratteristiche isto-patologiche
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Brain 2002;125:861-70

The accuracy of diagnosis of parkinsonian syndromes in a specialist 
movement disorder service. 

Hughes AJ, Daniel SE, Ben Shlomo Y et al.

Sensitivity 91%





1. differentiation of susceptible individuals from normals, before
symptoms develop (sensitivity)

2. identification of true idiopathic PD from its imitators once
symptomatic (specificity)
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Neurology 1999; 1026-1031

Adulti sani

8-10%

› 0.25 cm2

Marked decrease in the 
accumulation of [18F]-dopa 

in the caudate nucleus
and putamen

PET

> 60%



Perché la Substantia Nigra è 
iperecogena ?



“The hyperechogenic area of substantia nigra
correlates significantly with the concentration

of H- and L-ferritin in postmortem brains”

Mov Disord. 2005 Oct;20(10):1278-85.
In vivo detection of iron and neuromelanin by transcranial sonography: a new
approach for early detection of substantia nigra damage.
Zecca L, Berg D, Arzberger T, Ruprecht P, Rausch WD, Musicco M, Tampellini D, 
Riederer P, Gerlach M, Becker G.

Götz M et al.
The relevance of iron in the pathogenesis of  PD
Ann N.Y. Acad. Sci. 1012: 193-208 (2004)

Hochstrasser H et al.
Sequence variations in genes involved in iron metabolism in PD
Medgen 2003; 15:240
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A reference technique for precise MRI-based in-
vivo localization of iron in the brain is
quantitative susceptibility mapping (QSM), which
was shown to measure increased iron
accumulation (QSM+) in and around the SN, in
particular in the pars compacta.



Our study concludes that PD-related increases in TCS and QSM
signals demonstrate a high overlap along the entire axial extent of
the midbrain. We confirm the established finding of iron
accumulation in the substantia nigra pars compacta, and produce
evidence that the ventral tegmental area and its sub-nuclei feature
comparable alterations as well. Our results imply an earlier
functional involvement of the mesolimbic system, rather than an
isolated nigrostriatal loss of dopamine neurons.



L’iperecogenicità della SN correla con 
le scale UPDRS, Hoehn and Yahr e la 

durata di malattia ?
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NIGRAL LESION LOAD (NLL)









- The presence of OH had no influence on cognition 
- TCS results were different between the PD-OH and PD-NOH groups
- We found higher values in both groups in our study (PD-OH: 0.34 cm2, PD-NOH: 0.45 cm2)

PD-OH patients showed smaller SNhyperechogenic areas. It may indicate that 
different clinical subtypes of PD are associated with different SN patterns 

(Walter, Dressler, et al., 2007)



Qual è il valore diagnostico del TCS 
negli stadi iniziali, quando spesso i 

segni clinici non permettono di 
definire una corretta diagnosi ?





L’iperecogenicità della SN è associata 
ad un aumentato rischio di PD nella 

popolazione anziana ?





Walter U, Niehaus L, Probst T et al. 

Brain parenchyma sonography discriminates Parkinson’s 
disease and atypical parkinsonian syndromes. 

Neurology 2003;60:74-77

Methods: Twenty-five patients with APS, 9 with progressive supranuclear palsy
(PSP) and 16 with multiple-system atrophy (MSA), and 25 age-matched patients
with IPD were prospectively studied with BPS according to a standardized
protocol.

Results: Twenty-four of the 25 (96%) IPD patients
exhibited hyperechogenicity of the substantia nigra
(SN) but only 2 of 23 (9%) APS patients.
Nucleus lentiformis hyperechogenicity was found in
17 of 22 (77%) APS patients but in only 5 of 22
(23%) IPD patients



Walter U, Behnke S, Eyding J et al. 
Transcranial brain parenchyma sonography in movement 
disorders: state of the art. 
Ultrasound Med Biol 2007; 33:15-25

The present paper summarizes recommendations on transcranial
sonography (TCS) application in Neurodegenerative diseases, resulting from
a consensus meeting of the European Society of Neurosonology and
Cerebral Hemodynamics.
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From research on MEDLINE and SCOPUS we 
found 150 potentially relevant articles. Figure 
1 shows the selection process visualized as a 
flow chart. After assessing the abstracts, 135 
articles were excluded.





A hyperechogenic lentiform nucleus 
frequently occurs in MSA-P and PSP, 
while it is an uncommon feature in PD.

Additionally, the prevalence of LN 
hyperechogenicity in the healthy 
population is assumed to be low.

Whether LN hyperechogenicity could 
further serve as risk factor or 
prodromal marker for MSA-P or PSP 
remains to be evaluated in future 
studies.













The AUC of this meta-analysis was 0.94, which was indicative of a high diagnostic accuracy



Degenerazione Cortico-Basale (CBD)

SN n. lent. Rafe III vent n. rosso

↑↑↑↑ ↑↑ to
↑↑↑

N or ↓ N to ↑ N



Atrofia Multi-Sistemica (MSA-P)

SN n. lent. Rafe III vent n. rosso

N or ↑↑ ↑↑↑ N ↑ to ↑↑ N









Paralisi Sopranucleare Progressiva (PSP)

SN n. lent. Rafe III vent n. rosso

N or ↑↑ ↑↑↑ N ↑↑↑↑ N



Paralisi Sopranucleare Progressiva (PSP)

SN n. lent. Rafe III vent n. rosso

N or ↑↑ ↑↑↑ N ↑↑↑↑ N





Malattia di Wilson

SN n. lent. Rafe III vent n. rosso

↑↑ ↑↑↑↑ ↓ ↑↑ N



Heterozygotic carriers of one faulty ATP7B gene should not exhibit
symptoms of WD, but one in three heterozygotes has copper metabolism
abnormalities. This study examined heterozygote ATP7B mutation carriers
using TCS to assess any basal ganglia changes compared with healthy
controls.

SN and LN hyperechogenicity were more frequent in heterozygotes than in
controls, probably due to copper accumulation, but it remains unknown if
this predisposes to brain neurodegeneration.

The study assessed 34
heterozygotes (21 women), with
mean age of 43 years (range of 18
to 74 years) and 18 healthy
controls (13 women), with mean
age of 47 years (range of 20 to 73
years). Bilateral lenticular nucleus
(LN) hyperechogenicity was
found in 25 heterozygotes, but
none of the controls (p < 0.001).
Bilateral substantia nigra (SN)
hyperechogenicity was found in 8
heterozygotes and one control;
another 3 heterozygotes had
unilateral SN hyperechogenicity
(p = 0.039 for the right; p = 0.176
for the left). Heterozygotes had
larger SN area on both sides
compared with controls (p =
0.005 right; p = 0.008 left).









Malattia di Wilson

SN n. lent. Rafe III vent n. rosso

↑↑ ↑↑↑↑ ↓ ↑↑ N

Malattia di Fahr

SN n. lent. Rafe III vent n. rosso

N ↑↑↑ N ↑ N






Malattia di Wilson

SN n. lent. Rafe III vent n. rosso

↑↑ ↑↑↑↑ ↓ ↑↑ N

Malattia di Fahr

SN n. lent. Rafe III vent n. rosso

N ↑↑↑ N ↑ N

Tremore essenziale

SN n. lent. Rafe III vent n. rosso

↑ N N N N









Depressione del tono dell’umore

SN n. lent. Rafe III vent n. rosso

↑↑ N ↓↓↓ N N









Depressione del tono dell’umore

SN n. lent. Rafe III vent n. rosso

↑↑ N ↓↓↓ N N

Distonia idiopatica

SN n. lent. Rafe III vent n. rosso

N ↑↑ to
↑↑↑

N N N

More than 75% of patients with cervical or upper-limb dystonia
display LN hyperechogenicity, being most pronounced in the median

part representing the globus pallidus internus (Becker 1997, Naumann 1996)

Postmortem examinations yielded significantly increased copper levels in the 
globus pallidus and putamen (Becker et al. 1999)



Depressione del tono dell’umore

SN n. lent. Rafe III vent n. rosso

↑↑ N ↓↓↓ N N

SN n. lent. Rafe III vent n. rosso

N ↑↑ to
↑↑↑

N N N

SCA 3
SN n. lent. Rafe IV vent Cervell.

↑↑ ↑↑ N ↑↑↑↑ ↑↑↑

Malattia di Huntington

SN n. caud. Rafe III vent n. rosso

↑ ↑ to
↑↑↑

↑↑ ↑↑↑ N

Distonia idiopatica









- Commercial ultrasound devices
- 2-4 MHz phased-array transducer
- Softwares

Preauricular temporal acoustic bone windows

Standardized axial scanning planes

Penetration depth of 15-16 cm

Dynamic range of 45-52 dB

Mechanical Index

Image brightness and time gain compensation are adapted as needed



ANATOMIA ECOGRAFICA 





Piano mesencefalico inferiore



Piano mesencefalico inferiore

Mesencefalo inferiore

cervelletto

Ala sfenoide

Cisterne della base

Lobo temporale inferiore



Piano mesencefalico medio-superiore



Piano mesencefalico medio-superiore

Lobo occipitale

Mesencefalo superiore

Uncus ippocampalis

Cisterna interpeduncolare

Regione chiasmatica



MRI






Quantificazione planimetrica

MRI



Quantificazione planimetrica

MRI





Piano diencefalico



Piano diencefalico
III ventricolo Nuclei della base

Talamo 

Corni frontali ventricoli laterali

Lobo frontale

Plesso corioideo

Epifisi 





Piano sovra-diencefalico



Piano sovra-diencefalico

Cella media ventricoli laterali

Lobo parietale
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