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Ultra sensitive Doppler CEUS Elasto
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Contrast-Enhanced UltraSound

Microbubbles – since 1980s’

• Encapsulated low-diffusion gasses

• Same size as an average RBC

• Purely endovascular medium

• Resonate at imaging sequences 

→ Highlight micro- and macro-circulation

→ Degree of enhancement is consequence of 

microvasculature density

Air/gas

Polymeric Shell



- Widely used for other organs

CEUS



CEUS in neurosurgery



CEUS – from Identification of Structures…

Prada F. et al. Acta Neurochirurgica 2015 June ;74 - 142-52. 



…to Angiosonography

Acta Neurochirurgica 2015 June ;74 - 142-52. 



CEUS – From Tumour Visualization…

Prada F. et al. Neurosurgery. 2014 May;74(5):542-52; discussion 552. 



Prada F. et al. Neurosurgery. 2014 May;74(5):542-52; discussion 552. 

CEUS – From Tumour Visualization…



…and Resection Control…

Prada F. et al. - Neurosurgical Focus - 2016 



…to Quantitative Characterization and Analysis

Prada F. et al. - BioMed Res Int - 2015 Prada F. et al. – Scientific Reports, submitted



Skull base tumors



Vascular Lesions

MCA Aneurysm Spinal Arterovenous Fistula

Prada F. et al. - World Neurosurg. 2017 Jan 19..



Epilepsy Surgery

Basal ganglia

FCDFrontal WM



Spinal tumors



Pediatric applications



Pediatric applications



How to Learn/Teach Brain CEUS?

Steep learning curve: requires experience in both acquisition and interpretation

Dedicated hardware/software

Learning US/CEUS physical principles is paramount!

Exposure and First-hand Experience

Specific and Precise Terminology - knobology

Cantisani V. et al., 2016 Mar;2(1):E2-7. Ultrasound Int Open Prada F. et al., submitted



Intraoperative Ultrasound - Equipment



Intraoperative Ultrasound - Setting



CEUS Commands - Frequency

Freq.

Focus

Increasing the insonation

frequency allows better

visualization and contrast

of superficial structures.

Lower of the US waves,

frequencies allow deeper

penetration, although with

lower spatial resolution.



Freq.

Focus

CEUS Commands - Focus

The focus should be

positioned just deep to the

target lesion. Deeper focal

zones achieve a more

uniform acoustic field,

improving sensitivity to the

agents and lessens the risk

of bubble disruption.



Ultraschall in Medizin 2018

Collecting data

Currently, CEUS is supported by strong consensus 

among experts while its potential uses and applications 

are investigate. 

Future goal is to gather enough experiences and data 

to reach LoE 1



Post-operative Ultrasound

Air/gas

Polymeric Shell



CEUS guided Therapeutic Ultrasound

Air/gas

Polymeric Shell

CEUS guided MB mediated follow up and therapy



Conclusions

• Contrast-Enhanced Ultrasound provides real time, high-resolution depiction of tumors,

vascular structures and perfused parenchyma for multiple surgical needs

• MB potential for follow-up an therapy

• CEUS guided MB mediated therapies

Air/gas

Polymeric ShellThere is more in 
ultrasound than 

B-mode!!!
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