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This study aims to develop a pulsatile circulation simulator which mimics patient’s lesion
characteristics and flow and pressure environments, to evaluate or predict safety and efficacy of
transcatheter aortic valve and thoracic aortic stent-graft. Using data obtained from the
patient-specific simulator, we seek to contribute to extraction of important factors to be
considered in the assessment of post-marketing use outcomes of those advanced medical devices.

In this year, the following outcomes were obtained.

(1) In vitro testing methodology for a transcatheter aortic valve

Based on pre-procedural CT data of patients, a method to manufacture anatomically-identical
aortic valve models with mechanically-matched calcified lesions was developed. The maximum
elastic modulus of the calcified lesions in models was adjusted to the referenced data. The
pre-procedural areas of aortic valve annulus and transcatheter valve stent-frame after TAVR in
the models could be adjusted to those in the patients. Based on CT data of six patients,
anatomically-identical aortic valve models, thoracic aortic models, and iliofemoral artery models
were duplicated and then incorporated into the pulsatile flow simulator. Then, paravalvular
back flow was quantitatively examined. Forward flow and heart rate of each patient in two days
after operation were duplicated, and mean aortic pressure was adjusted to 80 mmHg in the
circulation. Flow was measured using an electromagnetic flow sensor.

The paravalvular leak volume in each six patient-specific model in the pulsatile flow test was
consistent with each paravalvular leak grade by echocardiography in the patients. The micro-CT
analysis revealed presence of 3D incompletely apposed tracts from aortic to left ventricle side.
The minimal cross-sectional gap of the incompletely-apposed tracts had a positive correlation
with the PVL volumes. We, for the first time, could quantify paravalvular leak using the
patient-specific valve models and circulation simulator, and also could develop a method using

the micro CT to investigate factors associated with paravalvular leak.



(2) In vitro testing methodology for a stent-graft

Using CT data of a patient before treatment with a stent-graft, the patient specific
three-dimensional thoracic artery with aneurysm and abdominal and iliofemoral artery model
were duplicated. We developed a method to adjust a friction coefficient of the luminal side of the
artery models made of silicone. A stent-graft was deployed to cover the thoracic aneurysm under
a physiological flow and pressure. During the deployment procedure, the stent-graft was
circumferentially rotated and pushed downward by flow. Using the initial points of stent-graft
deployment and post-procedural CT images, rotation angles were quantified. The results
showed that the stent-graft circumferentially rotated 80+12° (n=6) during the deployment
procedure. Using the pulsatile simulator, we could evaluate rotation angles of the stent-graft
which values were not predictable in clinical practices. The rotation angles were decreased
under a rapid pacing condition. Factors associated with the rotation of the stent-graft have not
been well understood yet. The method developed here would be useful to investigate those

factors.
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