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Supplementary Content 1:
Fabrication Protocol of Thoracic Aorta PVA Phantoms

The aorta phantom was designed to have the internal geometry of the healthy human thoracic
aorta, including the ascending and descending aorta and the aortic trifurcation. In this study, we
assumed that the vessel wall is rigid and has acoustic properties of human tissue so that it can
be imaged by ultrasound. To satisfy these requirements, we used a fabrication protocol for
anthropomorphic wall-less phantoms reported previously'~.

First, three-dimensional (3-D) volume data of the thoracic aorta were constructed using ImageJ
software® based on anonymized contrast-enhanced CT images (Fig. SC1-1A). The volume data
were processed using Meshlab software (Fig. SC1-1B)* and Solidworks 2020 software (Fig.
SC1-1C; Dassault Systems SolidWorks Corp., France) to extract the surface geometry of the
thoracic aorta and to modify the shape of each outlet of the vessels to connect with the flow
circuit. The diameters of the ascending and descending aorta outlets were respectively 26.9 and
23.7 mm, while those of brachiocephalic artery and the confluence of the left common carotid
and subclavian arteries were 10.7 and 7.9 mm, respectively. As an example, cross-sectional
dimensions measured at the ascending aorta, distal arch, and mid-descending aorta were 29 x
27 mm, 27 x 26 mm, and 24 x 22 mm, respectively. Those aorta sizes were considered to be the

average size of that of Asians®.

Figure SC1-1. The process of extracting aorta geometry from CT data

A: Imagel] software to reconstruct a 3D volume using vascular lumen CT values from contrast-enhanced
CT images; B: Meshlab software to remove outlier components other than the arterial lumen; and C:
Computer-aided design software (Solidworks2020) to modify the edges of the outlets so that they can be

connected with the flow circuit.



Figure SC1-3. Procedure for creating PVA phantom

A: The printed aorta model was placed in the mid-space of a casting box (inner dimension: 14 x 15 x 10
cm); BC: The PVA solution polymerized in four freeze—thaw cycles (frozen at - 20 °C for 24 h and thawed
at 5 °C for 24 h); D: The entire box was submerged in a water bath for three hours to dissolve the aorta
model. Since only the aorta model was water-soluble, the remaining PVA gel block contained a flow tract
with the geometry of the thoracic aorta; and E: Photograph of the created PVA phantom and horizontal

section.



Second, the thoracic aorta geometry was physically printed with a 3-D printer (UP300, Tiertime,
Beijing, China) using a water-soluble polyvinyl alcohol (PVA) filament ( MelFil, Nihon Gosei
Kako Co., Ltd., Tokyo, Japan). The printed aorta model was placed in the mid-space of a casting

box (inner dimension: 14 x 15 x 10 cm).

Third, the thoracic aorta model was assembled in the casting box and the gap between the model
and the box was filled with an aqueous solution consisting of 15% PVA powder (341584,
Sigma-Aldrich, MO, USA), 1.0% Graphite (282863, Sigma-Aldrich) as acoustic scatterer, and
0.3% potassium sorbate (85520, Sigma-Aldrich) as a preservative. After placing the casting box
filled with the PVA solution in four freeze—thaw cycles (frozen at - 20 °C for 24 h and thawed
at 5 °C for 24 h)S, the entire box was submerged in a water bath for three hours to dissolve the
aorta model. Since only the aorta model was water-soluble, the remaining PVA gel block

contained a flow tract with the geometry of the thoracic aorta.
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