


	 14 

open aortic valve had red pixels, there were a multitude of other colors represented across the 

color wheel gradient.  The vectors were not distributed in a uniform manner, specifically, the 

vectors pointed in multiple directions and varied greatly in length.   

 

 

Figure 7: VFI echocardiographic parasternal long axis view of stenotic aorta. 

 

Once the coding algorithm was applied to the cropped VFI file, a .csv file (Figure 8) was 

generated with 14 individual sheets corresponding to the 14 frames in the cropped video.  The X 

and Y variables corresponded to the overall pixel location, Vx and Vy corresponded to the spatial 

positioning, and speed corresponded to the vector velocity in centimeters per second.  This result 
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confirmed that quantitative vector information can be obtained from the VFI files.  The 

generated .csv file will be used in the simplified Bernoulli’s equation and then in the FSI model. 

 

 

Figure 8: Example of vector output data generated from .avi files. 

 

The next step will be to find the maximum velocities in each of the frame files.  Once 

these 14 maximum velocities are found from the 14 individual sheets, the maximum velocity 

from the acquired maximum velocities will be found.  This velocity provides the overall 

maximum velocity, V, across the cardiac cycle.  The pressure drop across the aortic valve will be 

calculated by plugging in the maximum velocity, V, into the simplified Bernoulli’s equation.  

The estimated pressure drop will then be compared to the pressure drop found in the FSI model 

and the pressure drop from an invasive technique such as catheterization and/or CMR. 

An idealized aortic arch design was used in the gel phantom to model a healthy aortic 

arch.  The arch was hollow to allow for the movement of fluid through the arch when dissolving 

the arch.  In this prototype, the ascending aorta was extended to equal the length of the 

descending aorta for better placement and securement of the arch in the box.  In this design, the 

extended ascending aorta of the healthy arch should not affect the pressure transducer 

measurements, since the pressures should be theoretically close in value across the arch.  The 
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healthy arch design will serve as a foundation for future SolidWorks designs of physiologically 

accurate patient-specific arches for PAS patients.  

The completed silicone phantom closely resembled a human arch.  The decision was 

made to switch the phantom material from silicone to Ballistics gel.  The gel is similar to 

silicone, but is more flexible to better resemble a human aorta; additionally, in the creation of 

other cardiovascular phantoms in lab, it was noted that the gel produced fewer air bubbles 

throughout the phantom compared to the silicone. 

With the attachment of our customized flow loop, the pressure differences within the 

aortic model can be obtained.  The process for the creation of the healthy phantom will be used 

in the creation of patient-specific phantoms.  While the gel phantom is not flawless, namely in 

the formation of air bubbles, we now have a foundation set for the creation of future gel 

phantoms.  

	

Discussion and Future Direction 

There was an indication of increased turbulence across the aortic valve of the PAS patient 

(Figure 7) due to the broad spectrum of colored pixels and disorder among the vector velocities.  

This study confirmed that numerical vector data could be successfully extracted from the patient 

VFI files provided by ACH and ACRI (Figure 8).  While the .csv files provided pixel locations, 

we have not yet determined which specific pixel locations correspond to the inlet and outlet 

information.  The next step will be the specification of inlet and outlet locations on the aorta; 

once these inlets and outlets are defined, we will then be able to insert the vector data into a 

fluid-structure interaction (FSI) model for further estimations of aortic pressure.  
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The silicone phantom served as the basis for the creation of the gel phantom.  The gel 

enabled us to more effectively mimic the flexible characteristic of human tissue around the aorta.  

The transparency of the phantom will allow for clear visualization and placement of pressure 

transducers within the phantom. Our method of creating the idealized healthy arch and gel 

phantom will set the foundation for the future development of patient-specific aortic arch 

phantoms for PAS and further medical applications. 

To validate the setup of the flow loop, pressure transducers will be inserted into the arch 

outline of the gel phantom.  After attaching all components of the flow loop, we will be able to 

validate our pressure transducers by measuring the pressure across the healthy arch. Since the 

healthy arch has no stenosis, we should theoretically see no pressure drop across the healthy 

arch, so we expect the pressure measurements to be within a few millimeters of mercury 

(mmHg) of each other.  To further validate our initial flow loop setup, we plan to apply pressure 

on the sides of the healthy gel phantom to mimic stenosis. 

Once the setup is validated, the healthy phantom will be switched on a patient-by-patient 

basis with a patient-specific phantom to study the pressure differential across a region of 

stenosis.  The location of the pressure transducers within the patient-specific phantom will differ 

depending on the stenosis of the patient. The attachment of the patient specific aortic arch 

phantoms to the completed flow loop will allow for the validation of measurements using 

invasive pressure sensors and particle-imaging velocimetry (PIV). 

The use of pressure measurements to decide when to intervene is important in 

minimizing risks associated with the treatment of PAS.  In this novel type of ultrasound 

technology, further study into the limitations of VFI is needed.  The application of VFI 



	 18 

technology will provide a potentially more precise option for predicting pressure drop across the 

aorta and/or aortic valve in all PAS patients.  
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