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Context : microvascular Doppler imaging modes
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Evaluate the instrumental performances of these
imaging methods :

- Development of a new generation of microflow
phantom
»robust
»reproducible
»Easy-made




Material & methods (1) : Phantom fabrication

/I\/Iolding of a silicone material around thin strings to obtain a phantom : \

> Wall less S
» Thin and circular channels 4@ f A ———————
» Ultrasound compatible | @ *

> Easy to make ,? :

Phantom mold

Soft silicone phantom featuring 7
channels of diameters 145 to 450 um

entrée




Selected material: Ecoflex 00-30

Attenuation -5dBat1,4 mm (@10 MHz) -5dBatlcm (@10 MHz)

recisiont | Pure+
+

= The channel of interest is placed 2 mm under the phantom
surface in order to have the same attenuation as under 1 cm

of tissue




Materiel & methods (3): Experimental setup

Aims : A
» Steady flow
» Slow flows

\> reproducibility y
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Material & methods (4): Flow control

Example : 145 um channel
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Flow controller =2 constant and precise pressure

=>» Retrocontrolled constant flow 45-150 pL/min (6-145 mm/s)



Material & methods (5): Vibrations

Aim : mimick physiological artifacts

\
Frequency spectrum of the vibrations in the 3 directions (X,Y,Z)
measured on the probe stand
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Vibrations:

* Amplitude < 50 um @ 24 Hz



Power Doppler (PD)

Superb Microvascular Imaging :
- Color (cSMI)
- Monochrome (mSMI)
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Results : microflow imaging using cSMI
(color Superb Microvascular Imaging)

With vibrations

Blood mimicking fluid flow “

Channel 1 (450 ym) with a flow of 59 yL/min (= 6 mm/s)

=» Visualization of 50 to 150 yL/min flow for 6 channels (and of > 145 pyL/min for
the smallest channel), with and without vibrations, without artifacts
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Without vibrations

T recision+ recisiont
.

rTé recision*
0]

Channel 1 (450 ym) with a flow of 59 yL/min (= 6 mm/s)

=» Visualization of 50 to 150 pL/min flow for the 7 channels, with and without
vibrations, without artifacts




Results : microflow imaging using Power Doppler (PD)

Power Doppler (PD) |

Without vibrations With vibrations

Channel 1 (450 ym) with a flow of 59 yL/min (= 6 mm/s)

=>»Visualization of 50 to 150 yL/min flow for 2 channels (>75 puL/min for 3 channels
and >114 pL/min for 1 channel), without vibrations, without artifacts

=» With vibrations : visualization of a vascular signal and/or artifacts 2 test with
no flow (cf next slide)
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Results : microflow imaging using Power Doppler (PD) (2)

Power Doppler (PD) |

With vibrations With vibrations

Pression = Ombarl

Channel 1 with flow (59 yL/min) Channel 1 without flow

Observed signal does not depend on the presence of a flow
—> Visualization of artifacts in presence of vibrations
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Results : microvascular Doppler imaging modes

Without vibrations With vibrations

~

/Artifacts due to
vibrations :

- For SMI and cSMI
++ for Power Doppler

o J
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Conclusion

* New phatom : characterization and test tool for in vitro
studies
* Easy to make without special equipment
* Circular channels the size of micro-vessels
* Flow velocity 6-145 mm/s

* Caracterization of imaging modes:

* Power Doppler more sensitive to artifacts dues tu physiological movement
than cSMI/mSMI

* Confirms clinical observations

* Future developments:

* More complex geometry (forks, 3D)
* Characterization of DCE-US (2D and 4D)
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Perspectives : DCE-US 4D characterization

* DCE-US 4D (contrast agent = Sonovue)

2mm 1mm 3mm 4D contrast image of the phantom

Sectional view of the phantom
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Thank you for your attention!
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Thank you for your attention!
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