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An In Vitro Feasibility Study of the Influence
of Configurations and Leaflet Thickness on the
Hydrodynamics of Deformed Transcatheter Aortic Valve

*tWentao Feng, *1Xianda Yang, *{Yang Liu, and *3Yubo Fan

*Key Laboratory for Biomechanics and Mechanobiology of Ministry of Education, School of Biological Science and
Medical Engineering, International Research Center for Implantable and Interventional Medical Devices, Beihang
University; {Beijing Key Laboratory for Optimal Design and Evaluation Technology of Implantable & Interventional
Medical Devices and #National Research Center for Rehabilitation Technical Aids, Beijing, China

Abstract: Clinically, the percutaneous transcatheter aortic
valve (TAV) has been reported to be deformed in a noncir-
cular configuration after its implant. The deformation is uni-
versal and various, and it leads to serious leakage and
durability problems. Even in the same deformation, the leaf-
lets made in different tissue thicknesses may cause different
hydrodynamic performances. Simulating the left heart cardi-
ac conditions by a pulse duplicator system, the present study
investigated the effects of the aortic annulus deformation
and the leaflet tissue thickness on the hydrodynamics of the
TAV. Three 22 mm self-expanding TAV samples were fab-
ricated with three different leaflet thicknesses (0.25, 0.4,
0.55 mm). Every sample was successively deformed to be
elliptical, triangular, and undersized circular shapes. The

hydrodynamics of the TAV were assessed through a quasi-
physiological artery pulsatile flow duplicator system. The
transvalvular pressure difference, effective orifice area, and
regurgitation flow were determined. High-speed video
recordings were taken to investigate the leaflet kinematics.
The results showed that the triangular deformation produced
the poorest valve function while the elliptical deformation
led to the slightest difference from the nominal. With
increasing leaflet thickness, the effect of configuration defor-
mation on the regurgitation increased. The thinner leaflets
were better than the thicker ones in adapting to the defor-
mation but had a higher risk of deterioration. Key Words:
Aortic valve stenosis—Heart valve prosthesis—Trans-
catheter aortic valve implantation—In vitro study.

Currently, percutaneous transcatheter aortic
valve implantation (TAVI) has been considered to
be an effective and safe therapy for aortic valve
replacement (AVR) (1-3). With the rapid increase
in applications, it poses various challenges because
of the unique disease treatment mechanism of
TAVI. Compared to traditional AVR therapy,
TAVI does not excise the native aortic valve even
if it is heavily calcified. For instance, the heavy cal-
cium deposition on the valve leaflets and the aortic
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root can cause distortion of TAV, resulting in a
valve of a noncircular geometry instead of a nomi-
nal circular shape (4-6). As reported in the clinical
studies of TAV (4,7-9), the noncircular deforma-
tion is universal and leads to serious leakage and
durability problems. A noncircular geometry may
affect leaflet coaptation and cause valve regurgita-
tion (5). Without proper leaflet apposition, uneven
distribution of stress on the leaflets may also affect
long-term valve durability (10).

Up till now, studies on the effect of noncircular
deformed implant have focused on paravalvular
leakage between the expanded valve and the calci-
fied native valve (11,12), flow characteristics (13)
and the TAV leaflet stress and strain distribution
(14,15). However, the hydrodynamic performance
of these deformed configurations with different
leaflet material properties remains unknown. This

Artificial Organs 2017, 41(8):735-743



An in vitro study of the influence of monocusp patch size on the
hemodynamics for reconstructing Right Ventricular Qutflow Tract in

tetralogy of Fallot *

Wentao Feng, Jie Yao, Xianda Yang, Zhaowei Chu, Meng Guo, Lizhen Wang, and Yubo Fan

Abstract— For relief of right ventricular outflow tract
obstruction in the operative treatment of tetralogy of Fallot and
other complex congenital heart disease, it is often necessary to
perform transannular monocusp patch to prevent right
ventricular pressure overload and reduce pulmonary
regurgitation. But the the geometric relationship between a
monocusp patch length and the size of RVOT is not well defined.
Five 20 mm sized monocusp patches were tested in simulated
RVOTSs which sized from 18 mm to 22 mm at 1 mm interval,
respectively. The hydrodynamics of the patches were assessed
through a quasi-physiological artery pulsatile flow duplicator
system. The transvalvular pressure difference, effective orifice
area and regurgitation flow were determined. The results
showed that the regurgitation fraction increased with the
diameter of RVOT increased (from 6.25% at 18 mm RVOT to
26.63% at 22 mm RVOT). Implant an oversized monocusp
patch in RVOT reconstruction can effectively decrease the
regurgitation but increase the transvalvular pressure and may
reduce the longevity of leaflet.

I. INTRODUCTION

Right ventricular outflow tract (RVOT) obstruction is a
common issue in tetralogy of Fallot and other complex
congenital heart diseases. Using a transannular patch to
enlarge RVOT 1is one of the most distinctive surgical
procedures, but it leads to transvalvular regurgitation. Acute
pulmonary valve regurgitation can lead to right ventricular
(RV) dilatation and failure, tricuspid regurgitation, impaired
exercise performance and arrhythmias [1-3], and seems to be
associated with increased perioperative mortality [4]. To
prevent pulmonary regurgitation, various techniques have
been applied such as valved homograft patch or monocusp
patch with different results [5-13]. Theoretically, a monocusp
patch can reduce patch-related pulmonary regurgitation, but
the long-term result is unsatisfactory, especially in younger
children.

For young children, their RVOT can still be enlarged after
surgery because the residual vessel wall of RVOT may
continue grow. In that circumstances, the leaflet of monocusp

*Research supported by Grants-in-Aid from the National Natural Science
Foundation of China (NSFC No.11572029, 11421202), National key
research and development program in China (No.2016YFC1100704,
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patch which was implanted at the reconstructing surgery
would be undersized since the sectional area of RVOT was
enlarged. Up till now, the geometric relationship between a
monocusp patch length and the size of RVOT is not well
defined in previous study. It is necessary to obtain the
influence of monocusp patch size on the hemodynamics
function of the reconstructed RVOT. This study tested the
hemodynamics performance of the fixed size monocusp
implanted in different size of RVOTs with a pulse duplicator
system to simulate right heart cardiac conditions.

II. MATERIALS AND METHODS
A. Monocusp Patch and RVOT

The commercially clinical use 20 mm sized monocusp
patches (Fig. 1) were provide by Balance Medical Corporation
(Balance Medical Corp., Beijing, China). The patches were
made from bovine pericardium material. The length “a” is
25.13 mm and the length “b” is 37.7 mm, the circumference of
“a” and “b” is 62.83 mm which is the same with the
circumference of a 20 mm diameter tube.

The RVOTs were simulated by rigid, straight tubes which
were made form transparency organic glass (Fig. 1). The
internal diameter of the tubes was from 18 mm to 22 mm at 1
mm interval. The 20 mm tube was the same size with the
monocusp patch while the 18 mm and 19 mm tubes were
adapted to simulate the condition that the larger monocusp
patch implanted in small RVOT and the 21 mm and 22 mm
tubes were adapted to simulate the situation that the section
area of RVOT enlarged.

Figure 1. Monocusp patch and test section. (upper left: 20 mm sized

monocusp patch; buttom left: schematic depiction of monocusp patch, right:
monocusp patch fixed in test section)
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INTRODUCTION

Clinically, transcatheter aortic valve (TAV)
implantation (TAVI) has evolved into a safe,
effective therapy for aortic valve stenosis.
Recently, TAV encountered situations of
deformation after implanted which impaired its
functional performance. The calcified native
aortic valve acted as a scaffold that buttresses
the stented TAV within the aortic annulus once
the valve is deployed. However, the shapes of
the calcified valve were not all perfect for the
deployment which caused the change of the
valve’s geometric configuration, and it may be
responsible for complications such as coronary
obstruction or perivalvular leakage. The
present study was designed to investigate the
in vitro hydrodynamics behavior of a TAV
with different deformations types based on the
three kinds of thickness of the valve leaflet.

METHODS

Three 22mm self-expanding TAV samples
with three different leaflet thick-nesses (0.25,
0.4, 0.55mm) were used. They were deformed
to different geometries deformations including
the nominal, elliptical, triangular, and
undersized shapes. Hydrodynamics were
assessed by a pulse duplicator. The regurgitant
fraction, transvalvular pressure gradient (TVG)
and effective orifice area (EOA) were recorded,
meanwhile, a high-speed camera was used for
recording the morphological characteristics of
the valve’s open and close.

RESULTS AND DISCUSSION

The result indicated that the triangular
deformation had the worst hydrodynamics
performance with higher level of regurgitation
fraction and lower level of EOA but the better
level of TVG, the valve function of elliptical
deformation was not much difference with the
nominal. The valve with leaflet thickness of

0.55mm had smaller regurgitation than the
valves with the other two leaflet thickness. The
level of the EOA of 0.4mm is higher than the
valves with the leaflet thickness of 0.25mm
and 0.55mm. The three kinds of valves had the
similar TVGs.

It can be demonstrated that the
configuration deformations of the stent and the
thickness of leaflets could both affect the
hydrodynamic  performance of TAVSs.
Unsynchronized  leaflets  closing  were
happened at all deformed conditions,
especially at the unsymmetrical deformation.

Triangle Triangle
-Vertex -Edge
/

§ 0@
Illl

Fig. 1 —Intuitional observed by the high-speed video recordings,
the valves with different leaflet thick-nesses were deformed to
different geometries deformations.
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