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RECOMMENDATIONS
Level A

1) The early diagnosis of PD.

2) Differential diagnosis of PD from atypical

Parkinsonian syndromes and secondary

Parkinsonian syndromes.

3) The detection of subjects at risk for PD.





HYPERECHOGENICITY IN PD

• SN hyperecogenicity is found in more than 90% of

Parkinson’s disease patients.

• Hyperecogenicity of SN is usually asymmetric.

• It could be ipsilateral or contralateral of clinically

affected side.

• Does not remarkably change in the disease course.

• It is unrelated to PD severity.
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RECOMMENDATIONS
Level A

1) The early diagnosis of PD.

2) Differential diagnosis of PD from atypical

Parkinsonian syndromes and secondary

Parkinsonian syndromes.

3) The detection of subjects at risk for PD.



TCS FINDINGS IN aPS

• Normal echogenicity of substantia nigra

• Bilateral hyperechogenicity of substantia 

nigra

• Hyperechogenicity of lenticular nucleus

• Enlargement of third ventricle
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RECOMMENDATIONS
Level A

1) The early diagnosis of PD.

2) Differential diagnosis of PD from atypical

Parkinsonian syndromes and secondary

Parkinsonian syndromes.

3) The detection of subjects at risk for PD.





PRIPS STUDY

• In the PRIPS study 1847 subjects were evaluated with TCS

at baseline and after three and five years.

• 21 individuals developed PD (1.7%).

• 4 of the 21 incident PD cases had insufficient temporal

bone acoustic window.

• Of the 17 patients with incident PD 14 had displayed SN

hyperechogenicity at baseline (80 %).

• The overall relative risk of participants with SN

hyperechogenicity at baseline to develop PD after 5 years

was 20.6 times higher.



Two pilot studies have demonstrated that

the intraoperative visualization with TCS

and the TCS-assisted insertion of deep

brain stimulation electrodes are feasible

and safe.

The main advantage of the intraoperative

TCS monitoring was that the distance of

the DBS electrode tip to an artery at the

anatomic target.

Moreover TCS can be recommended for

the postoperative monitoring of DBS

electrode position.



TCS APPLICATIONS IN DBS



FAMILIAL IDIOPATIC BASAL 
GANGLIA CALCIFICATIONS



RESTLESS LEGS SYNDROME



HYDROCEPHALUS



THIRD VENTRICLE AND 
FRONTAL HORN

AGE FRONTAL HORN THIRD VENTRICLE

< 60 YEARS < 17 MM < 7MM

> 60 YEARS < 20 MM < 10 MM



SUBDURAL HEMATOMA













TREMOR

• A 24 years-old man presented to our laboratory
with a three months history of tremor sensation in
his left arm.

• The neurological examination showed slight
postural and telekinetic tremor in his left arm.

• No history of familial tremor was present.

• He didn’t take any drugs.









































LIMITATIONS AND 
ADVANTAGES 

• The main limitation is the dependence of image quality from

temporal acoustic bone and/or the sonographer’s experience.

• The midbrain structures are not or only partial assessable in 5-

10% of white individuals while the basal ganglia in 10-20%.

• The advantages are wide availability, the same sensitivity of

functional neuroimaging without invasiveness, low costs and

short investigation times



CONCLUSIONS

pTCS is an essential investigation for a movement

disorders specialist but in our experience it could be

very helpful also as diagnostic screening tool especially

in patients coming from Emergency.

We suggest using pTCS as an extension of the clinical

neurological examination





E IN ITALIA?



TCS IN secondary PARKINSONISM

• Secondary parkinsonism syndromes are induced

by causes other than degeneration of the

nigrostriatal system.

• CT and MRI usually can reveal the etiology of

these movement disorders.

• TCS findings is equally important or even more so

than the findings from CT or MRI because

calcifications can be seen earlier with ultrasound.

• TCS is very useful as screening or monitoring tool
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TCS APPLICATIONS IN DBS

• Two pilot studies have demonstrated that the

intraoperative visualization with TCS and the TCS-

assisted insertion of deep brain stimulation

electrodes are feasible and safe.

• The main advantage of the intraoperative TCS

monitoring was that the distance of the DBS

electrode tip to an artery at the anatomic target.

• Moreover TCS can be recommended for the

postoperative monitoring of DBS electrode

position.



TC CRANIO SMDC 

Esame TC eseguito in urgenza nelle condizioni di base.

Si apprezza estesa ipodensità fronto-parieto-temporo-occipitale destra da

edema interdigitato che occupa estesamente la corona radiata omolaterale

determinando effetto massa sul ventricolo laterale destro (marcatamente

compresso) sulla testa del caudato e sul talamo con shift della linea mediana

verso sinistra di circa 1cm. Non distinguibili perchè interessate dall'edema la

capsula interna ed i nuclei della base di destra. Non franche iperdensità

ematiche nel contesto. Necessaria sistematizzazione neuroradiologica con

eventuale RM in elezione.



RAPHE HYPOECHOGENICITY





CASO CLINICO

• Uomo 24 anni riferisce sensazione di tremore

interno all’arto superiore sinistro da circa 3 mesi.

• Obiettivamente si evidenzia lievissimo tremore

posturale medio-distale con componente

telecinetica.

• Si concorda per controllo clinico tra 6 mesi

• Si decide di eseguire TCS.
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LIMITATIONS AND ADVANTAGES 

• The main limitation is the dependence of image quality

from temporal acoustic bone and/or the sonographer’s

experience.

• The midbrain structures are not or only partial assessable

in 5-10% of white individuals while the basal ganglia in 10-

20%.

• The advantages are wide availability, the same sensitivity

of functional neuroimaging without invasiveness, low

costs and short investigation times.







.From 1995 the applications of TCS in neurologic disorders

have been expanded.

TCS can be used not only as diagnostic tool in Parkinson

disease but also in other movement disorders and in

selected cases coming from Emergency. For example in

patients with headache, head trauma and ataxia screening

with TCS allows to detect hydrocephalus, brain tumors,

subdural hematoma and midbrain cavernoma.



TCS APPLICATIONS IN DBS



TCS IN SYNUCLEINOPATHIES

• DLB could be misdiagnosed with PD and PDD.

• All these entities share the characteristic feature

of SN hyperechogenicity but a specific finding, the

more pronounced and symmetry of the TCS

findings, distinguishes DLB from PD and PDD.

• A right-left asymmetry index > 1.15 of SN

echogenic sizes indicates IPD rather than DLB.



DIAGNOSTIC  ALGORITHM
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DIAGNOSTIC  ALGORITHM
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TCS IN atypical PARKINSONISM 

• In the early stages of aPS a large number of patients

are erroneously diagnosed even by experienced

movement disorder specialists.

• Specificity of DAT-SPECT is not sufficiently high.

• In the latter stages MRI, Mibg cardiac scintigraphy

and [18F] PET can be helpful for differential

diagnosis of IPD from MSA, PSP and CBD but not

from DLB.





PSP-RS





TCS IN 
SYNUCLEINOPATHIES

• MSA is an adult-onset, sporadic, progressive

disorder with parkinsonism, cerebellar ataxia,

autonomic failure, urogenital dysfunction and

corticospinal involvement.

• TCS shows a normal SN echogenicity and LN

hyperechogenicity in MSA-P.

• In MSA-c enlargement of fourth ventricle could be

found.



CBD



SUBSTANTIA NIGRA
• Assessment three times ispilaterally to insonation.

• TCS needs to be performed on both sides.

• Cut-off value is defined by the 90% percentile of measures

in normal population.

• Normal echogenic: measured area is below the 75th

percentile.

• Moderately hyperechogenic: measure area is between the

75th and 90th percentile.

• Markedly hyperechogenic: measure area is above the 90th

percentile.



TCS  IN  TAUOPATHIES

• PSP-P shows asymmetrical onset and moderate

initial response to levodopa.

• TCS findings are asymmetric hyperechogenicity

of substantia nigra, hyperechogenicity of LN

and normal width of third ventricle.

• 90% patients with CBD had marked bilateral SN

hyperechogenicity. LN hyperechogenicity is

frequently present.



TCS  IN  TAUOPATHIES

• The most common PSP variant is PSP-RS.

• It is characterized by an insidious symmetric

akinetic-rigid syndrome with vertigal gaze

palsy, early backwards falls and frontal

dysfunction.

• TCS findings are isoechogenic SN,

hyperechogenic LN and increased width of

third ventricle.
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RED NUCLEUS
• It’s visualized as two small hyperechogenic dots

near the SN and brainstem raphe.

• The clear differentiation between red nucleus and

SN is essential for the correct assessment of SN

echogenicity.

• Hyperechogenicity has been associated with

restless legs syndrome



HUNTINGTON’S  DISEASE
• Distinct TCS findings are related to all of the three

symptom domains (motor, cognitive and psychiatric).

• SN hyperechogenicity is related to a higher clinical

disease severity and correlates with CAG repeats

number in the huntingtin gene.

• Hyperechogenicity of caudate nucleus has also been

described (80%).

• A poorer cognitive performance correlates with larger

width of third ventricle and frontal horn.

• Depressive symptoms are associated with abnormal

echogenicity of brainstem raphe.



BRAINSTEM RAPHE

• In 90-95% of the normal population the brainstem

raphe is depicted as a highly echogenic line with

an echogenicity identical to the red nucleus.

• In 5-10% of healthy population but 50-70% of

depressive subjects a reduced echogenicity of BR

can be detected.

• Hypoechogenicity should be rated only if it

appears interrupted or not visible at both sides of

investigation.





THALAMUS

• Normally the thalamus is an ovalar

structure of low echogenicity displayed

laterally to the third ventricle.

• Thalamus has not a diagnostic relevance

but it’s important to localize lenticular

nucleus and caudate nucleus.



LENTICULAR NUCLEUS

• Normally it is isoechogenic to the

surrounding brain parenchyma.

• An increased echogenicity of lenticular

nucleus is abnormal and it has been

described in aPS, Wilson’s disease,

idiopathic dystonia.



CAUDATE NUCLEUS

• It’s normally isoechogenic to the surrounding

parenchyma.

• Caudate nucleus hyperechogenicity is

frequently seen in Huntington’s disease and in

advanced stages of PD.

• This finding is related to an increased risk of

psychosis.







FOURTH VENTRICLE

• It can be displayed usually as a comma-shaped

structure if there is no cerebellar atrophy.

• If a relevant cerebellar atrophy is present the

enlarged fourth ventricle can be identified as a

hypo-anechogenic circular structure in the

immediate dorsal vicinity of the mesencephalon.

• It is abnormal when the area is > 0.6 cm2



DENTATE NUCLEUS

• It’s a slightly hyperechogenic structure

compared to the surrounding tissue.

• In patients with advanced spinocerebellar

atrophy the echogenicity of the dentate

nucleus appears to be brighter compared

with healthy controls.











DIAGNOSTIC STRUCTURES
• SN

• Raphe

• Red nucleus

• Thalamus

• Lenticular nucleus

• Caudate nucleus

• Widths of third and fourth ventricles

• Width frontal hornes of lateral ventricle

• Dentate nucleus







TCS IN OTHER MOVEMENT 
DISORDERS



HYPERECHOGENICITY?

• A characteristic enlargement of the

echogenic signals at the anatomic area of

the substantia nigra.

• An increased brightness of the lenticular

nucleus, caudate nucleus, red nucleus,

dentate nucleus.







SUBJECTS AT RISK FOR PD

• Five years before PD diagnosis only two high predictive

factors are present.

• SN hyperechogenicity (80%) and hyposmia (60%) followed

by depression (12.5%) and constipation (4.7%).

• SN hyperechogenicity was the only prodromal marker

reaching sufficient sensitivity and specificity to be

classified as risk factor at this stage.

• The authors suggested an approach to combine different

markers for the identification of individuals at higher risk

for PD.



SPINOCEREBELLAR  ATAXIAS

• There are two TCS case-control studies which

reported hyperechogenicity of SN as a

frequent finding in SCA 2, SCA 3 and SCA 17

indicating a vulnerability of the nigrostriatal

system in SCA patients.

• Other possible findings are the fourth ventricle

enlargement and the dentate nucleus

hyperechogenicity.



SYDENHAM’S  CHOREA

?



SYDENHAM’S  CHOREA



SYDENHAM’S  CHOREA





SYDENHAM’S  CHOREA





RISK FACTORS FOR PD

• Positive family hystory

• Age

• Gender 

• SN hyperechogenicity 











ESSENTIAL TREMOR
• Usually patients affected by ET have no

hyperechogenicity of the SN.

• However in a study comparing SN areas of 44 ET

patients with 100 IPD and 100 controls has been

demonstrated that about three or four times more

patients with ET show hyperechogenicity of SN rather

than healthy controls.

• This finding is consistent with the fact that the risk of

developing IPD is about seven times greater in patients

with ET than in the general population.
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