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Anatomy and method:  
the transcranial ultrasound (TCS) 



Advantages: 

• Non-invasive 

• Cheap 

• Fast 

• Mobile 

• No effect with patient‘s head movements 

• Unlimited repeatability 

 

 

 

 

Disadvantages: 

 

• Needs expertise 

• Depends on temporal bone window  (10-15% no window) 

• Different cut-off values with different machines and populations  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Different planes 

Walter et al. Ultraschall Med 2014 





Midbrain plane 



Reduced echogenicity of the midbrain raphe  
 

•10 % of the normal population 
 

•50 – 70 % of patients with depressive disorders. 

Walter et al. Brain 2007 



SN hyperechogenicity 



Grading: 
Isoechogenic 

Mildly echogenic 
Hyperechogenic 

SN hyperechogenicity 
evaluation 

SN planimetric 
measurement 

0.28 cm2 



Prevalence in Parkinson‘s disease > 90%  
(Berg et al., 2001; Walter et al., 2002) 

Independent publications 

Sommer et al., 2004; Spiegel et al., 2006; Tromp et al., 2005; Ressner et al., 
2005; Skoloudik et al., 2005; Zedde et al., 2005; Hagenah et al., 2006; Iova et 
al., 2005; Miranda et al., 2006 ; Wu et al., 2007; Behnke et al. 2009, Hellwig et 
al. 2014 Shu et al. 2014, Li et al., 2015,…  

Parkinson’s disease Control Parkinson’s disease 



Cut-offs should be calcolated for: 
 
1) Different machines  
2) Different populations 

100 Healthy adult subjects 
 
90th percentile should represent  
the cut-off in the healthy population  

SN Cut-off standardisation 



TCS in differential diagnosis  
of Parkinsonism 



PSP Alzheimer’s 

Disease 

Dementia Parkinsonism 

Parkinson’s 

Disease 

Eye movements abnormalities 
Gait disorder with falls 

Poor L-Dopa response 

FTD 
Apathy, depression 
Behavioral abnormlities 

Disinhibition 
Language impairment 

DLB 

MSA 

Dementia + 
parkinosnism 
Cognitive fluctuation 

Hallucinations 

Autonomic involvement 
Cerebellar signs 

Poor L-dopa response 

CBS 

Asymmetric akinetic-rigid parkinsonism 
Limb apraxia, dystonia/myoclonus 

Cortical sensory loss, alien limb 

Memory impairment 
Cognitive decline 



Dementia Parkinsonism 

PSP 
Alzheimer’s 

Disease 

Parkinson’s 

Disease 

FTD 

DLB 

MSA 

CBS TAU 

Alpha-synuclein 

Amyloid 

TDP- 43 

ALS 



 

 

 

PSP 



 

 

 

MSA 



SN in differential diagnosis of tremor?  

Comparison 
 44 ET, 100 PD, 100 HC 
      (Stockner et al. Mov Disord 2007) 

SN in differential diagnosis of parkinsonism?  

SN+: 
8-10% of normal population 
33% of ET – SN+ 

SPS 

Walter et al. Neurology 2003 Walter et al. Arch Neurol 2007 



Disease Substantia Nigra Raphe Ventricles Basal ganglia 

Sporadic PD ↑↑ ↓ - - 

Atypical PS - - ↑↑ 3. Ventricle ↑↑ 

PSP ↑/- - - ↑↑ 

Metabolics - - ↑↑ 

Hydrocephalus - - ↑↑ - 

Essential Tremor (↑) - - - 

Pilotto et al. 2015  



Frontotemporal dementia  

Dementia with Lewy bodies 

Parkinson’s Dementia  

Alzheimer’s disease 

From parkinsonism to dementia.. 









The B/E ratio≤ 2.5 separated two groups with a sensitivity of 83 % and 

a specificity of 76 %, with an area under the curve (AUC) of 0.81 



SN and TCS in prodromal  
neurodegeneration 

about 8-10 % of healthy adults display increased 
echogenicity similar to Parkinson’s disease 



Is there any functional relevance of increased  
SN-echogenicity in healthy subjects? 

Relation of SN hyperechogenicity, olfactory dysfunction and SPECT  
abnormality    Sommer et al., 2004, Haehner et al., 2007 

Relation of SN hyperechogenicity and REM sleep behaviour disorder 
      Unger et al., 2008 

Association with signs of motor retardation in elderly people 
         Berg et al., 2001, Behnke et al., 2007 

Found in asymptomatic mutation carriers for monogenetic PD  
and associated with positive family history 
        Walter, et al., 2003; Schweitzer et al., 2007 
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SN+ 
Up to 2006, development of PD had 
been observed in at least 14 healthy 
subjects with SN hyperechogenicity 

Khalia et al. Lancet Neurol 2015 

Parkinson – Premotor 
Prospective Studies - PRIPS 

3 years: 

RR = 17.37  

PPV = 3.1%  

8/10 PD patients SN+ 

Berg et al. Arch Neurol 2011, 
Berg et al. Mov Disord 2013 

5 years: 

RR = 20.6  

PPV = 6.5%  

Baseline assessment 

1847 subjects 

254 SN+ 

14/17 PD patients SN+ 





Rem behavioral disorders 

SN hyperechogenicity 

Visual alterations and  
cognitive impairment 

Autonomic dysfunction 
And constipation 

Depression  
and anxiety 

Prodromal PD symptoms and markers 
 

hyposmia 

Dopaminergic 
dysfunction 



100% 

2% 

Prodromal PD criteria calculation 

Male subject, 70 years old 
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Population-based study Enriched-cohort 



Incident PD PD-free individuals 

Pilotto et al. 2017 

SN hyperechogenicity the only marker associated with PD in both cohorts (p=0.004) 





Novel technologies 
in TCS and prodromal 

neurodegeneration  



Ray Kennedy 

Subthreshold parkinsonism Imaging markers 

Prodromal neurodegeneration markers 



Novel technologies and methods 

- active contour algorithms 
- 3D SN detection based  
(random forests vs principal component analyses) 

Skoloudik 2014 AJNR 

still dependent on: 
- image’s quality 
- operator’s skills 



Novel technologies and methods 

Plate et al. Ultras Med 2012 



SN+ is present in 90% of PD patients 
 
TCS can be used in differential diagnosis of movement disorders 
 
TCS can be used for differential diagnosis of dementia 
 
TCS can identify prodromal neurodegeneration 

Advantages:   easy to apply 
   quick to perform (dyskinetic, agitated) 
   cheap 
 
Disadvantages:   dependent on investigator/ultrasound system 
   insufficient bone window in about 10-15%  

Conclusions 
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