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Introduction: The functional behavior and hemodynamic characteristics of percutaneously implanted bio-
prosthetic valves are not known.
Methods: We created aortic models after the simulated implantation of two of the most widely used bio-
prosthetic valves: the Edwards SAPIEN, and the Medtronic CoreValve. By using computational fluid dynam-
ics analysis we sought to investigate variations in the aortic flow patterns induced by the two valve designs 
and their association with detrimental phenomena such as vascular remodeling, vascular wall damage and 
thrombosis.
Results: The simulated implantation of models that resemble the two valves resulted in different aortic flow 
conditions. Vortex formation in the upper ascending aorta was more persistent in the case of the simulated 
Medtronic valve. The ranges of average wall shear stress (WSS) values were 2.4-3.5 Pa for Edwards and 
3.0-5.3 Pa for Medtronic; the calculated WSS values induced endothelial quiescence and an atheroprotective 
setting in both valves. The average shear stress on the simulated valve leaflets was low; however, hotspots 
were present in both valves (155.0 Pa for Edwards and 250.0 Pa for Medtronic) which would in theory be 
able to cause platelet activation and thus promote thrombosis. The pressure drops along the aorta were 
slightly lower for the Edwards compared to the Medtronic valve (198.0 Pa versus 218.0 Pa).
Conclusions: The presented method allows the assessment of aortic flow conditions following the implanta-
tion of bioprosthetic valves. It may be useful in predicting detrimental flow phenomena, thus facilitating the 
selection of appropriate valve designs.

Aortic stenosis (AS) is one of the 
most prevalent forms of cardiovas-
cular disease in the Western world 

and represents the most common form of 
valvular heart disease requiring surgery in 
Europe.1,2 Percutaneous implantation of 
bioprosthetic valves through a transfemo-
ral, subclavian, transaortic, or transapical 
route is evolving fast, with promising re-
sults in inoperable or high-risk patients.3-10 
Although several valves are under study, 
the most widely used types so far are the 
Edwards SAPIEN valve system (Edwards 
Lifesciences Inc., Irvine, CA), which is a 

trileaflet bovine pericardial valve mounted 
on a cobalt chromium stent frame, and the 
CoreValve system (Medtronic, Minneapo-
lis, MN), which is a trileaflet porcine peri-
cardial valve mounted on a self-expanding 
nitinol stent (Figure 1).5-9,11,12 In-hospital 
mortality and procedural complications 
such as embolic stroke do not differ sig-
nificantly between the SAPIEN and Co-
reValve.5-9,11 Significant atrial regurgita-
tion (AR; grade ≥3) and the need for per-
manent pacing are more common with the 
CoreValve than with the SAPIEN, where-
as coronary artery occlusion is more com-



(Hellenic Journal of Cardiology) HJC • 419

Flow patterns of transcatheter aortic valves

mon with the SAPIEN, occurring mainly in patients 
with a lower lying coronary ostium and shallow sinus-
es of Valsalva.8 Although most of these differences 
can be attributed to structural characteristics or scaf-
folding properties, the functional behavior and hemo-
dynamic characteristics of these particular valves are 
not known, and no in vivo or in vitro data exist in this 
regard. However, aortic flow conditions are associ-
ated with vascular remodeling, vascular wall damage 
and thrombosis, and aneurysm formation. Computa-
tional fluid dynamics provide the opportunity to as-
sess flow characteristics using representative theoreti-
cal models.4,13,14

The purpose of the present study, therefore, was 
to apply computational fluid dynamics analysis in or-
der to compare the hemodynamic characteristics of 
the CoreValve and SAPIEN systems. We considered 
an aortic model free of pathologies, derived from 
computed tomography coronary angiography (CT-
CA), and created aortic models that incorporated the 
bioprosthetic valves. By applying the same inflow and 
outflow boundary conditions, we sought to investigate 
variations in the aortic flow patterns induced by the 
two valve designs and their association with detrimen-
tal phenomena such as vascular remodeling, vascular 
wall damage and thrombosis.

Methods

Simulation of aortic flow with the two virtual-
ly implanted bioprosthetic valves was accomplished 
through the following steps: (i) acquisition of a real-
istic model of the aorta; (ii) simulation of the shape 
of each valve at each operation phase; (iii) merging 
of the simulated valves with the aortic model; and (iv) 

definition of inflow and outflow boundary conditions 
in the combined aortic model, considering blood as a 
Newtonian fluid.

Aortic model construction

A typical aortic geometry was obtained by CTCA 
from a patient without any aortic pathology. The CT-
CA examination was performed using a 128-slice CT 
scanner (Aquilion CX, Toshiba, Tokyo, Japan) with a 
slice thickness of 0.5 mm. We considered axial CTCA 
slices of the opacified aortic lumen of the ascending 
aorta, starting at the sinus of Valsalva, the aortic arch, 
the descending aorta and the lower segments of the 
brachiocephalic artery, left common carotid artery, 
and left subclavian artery. These slices were fed into a 
commercially available software package (Amira 4.0, 
Mercury Computer Systems). The lumen of the aor-
ta and branches were semi-automatically segmented 
with the aid of an experienced radiologist, using tools 
provided by the software package. A total of 360 slic-
es were processed from the patient CT data. The 3-D 
surface model of the aorta and branches was gener-
ated automatically and semi-automated filtering was 
applied to reduce the fine-scale irregularities of the 
surface model. Figure 2 shows the 3-D surface model 
of the aorta and corresponding CTCA images.

Valve construction

We considered two valves that are currently in wide-
spread use: the balloon-expanded Edwards SAPIEN 

Figure 1. Illustration of the Edwards SAPIEN (left) and Medtron-
ic CoreValve (right) transcatheter aortic valves, which were simu-
lated and virtually implanted in a representative aortic model.

Figure 2. The 3-D surface of the representative aortic model (col-
ored surface) and the corresponding computed tomography coro-
nary angiography images from which the aortic model was derived.
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XT (Edwards Lifesciences, Irvine, CA, USA) and the 
self-expanding CoreValve (Medtronic Inc., Minne-
apolis, MN, USA) (Figure 1). The virtual construc-
tion of the two valves was accomplished by following 
the dimensions provided by the manufacturers, pub-
lished data from relevant studies,15,16 and adopting 
simplified topologies of the two valves on a commer-
cial computer-aided design system (SolidWorks 2010, 
SolidWorks Corp., Concord, MA, USA). The shape 
of both simulated valves followed closely the original 
shape, which was defined by the strut scaffold. Nomi-
nal dimensions for both valves followed those of the 
29 mm diameter models. Each valve was modeled 
in three distinct phases of its operation, with varying 
valve openings of 1/3, 2/3 and 3/3 (fully opened valve) 
of the total surface area. For both valves, the metal 
struts of the supporting stent were omitted and only 
the moving leaflets were constructed for each simu-
lated operation phase. The morphology of the leaf-
lets was also in accordance with literature reports and 
manufacturers’ data and represented the topology of 
the leaflets in the three distinct phases of the valve’s 
operation. In the case of the Medtronic CoreValve, 
data were also extracted via direct measurements on 
an available functional valve. We used a scallop shape 
for the leaflet geometry design and mounted the leaf-
lets on a rigid straight tube in the case of Edwards 
and on a rigid converging–diverging tube in the case 
of Medtronic (Figures 3 and 4).

Valve implementation in the aortic model and mesh 
generation

The three generated models for each valve were in-
corporated into the model of the acquired aorta, first 
by aligning the axis of the valve to that of the aorta at 
the plane of the sinuses of Valsalva, and then by ad-
justing the plane of the closed leaflets of the simu-
lated valve to that of the bottommost of the Valsalva 
sinuses. After the construction of the computational 
domain topology had been completed, a numerical 
computation mesh was applied, with the use of a com-
mercial package (ANSYS). Hybrid volume elements 
of the same element size (2.7×10-5 m) were used for 
all cases, resulting in mesh sizes between 1.2×106 and 
2.0×106 elements. Mesh independence analysis in-
volved 3 different sizes of mesh (1.6×105, 1.8×106, and 
4.0×106). The differences in pressure drop results be-
tween the middle mesh sizes were 3.5% and 5.5% for 
the two extreme cases, respectively, leading to the 
choice of the aforementioned element size.

Flow simulation

All simulated cases were approached using a steady-
state computational fluid dynamics iterative methodol-
ogy in the sense of “freezing” the time and investigat-
ing the flow field for each “snapshot” of the considered 
valves’ operation phases. No turbulence model was 
used, as flow was considered laminar. The Reynolds 
number varied from 1808 to 4820 for flow in a cylin-
der, calculated using the valve’s entry diameter. Even 
though flow in a pipe considers flows with Re>4000 to 
be in the turbulence range, this was exceeded only lo-
cally and when a k-ε model was used, convergence is-
sues made the solution unreliable. The same happened 
when a shear-stress transport model was used for the 
case of Re=4820; therefore, the original flow field ap-
proach with laminar parameters was retained for the 
solution. All cases converged after 2000 iterations or 

Figure 3. Construction of the virtual model of the Medtronic 
CoreValve and integration into the aortic model. In this case both 
published data and an actual valve were available and were used in 
the modeling of the virtual valve.

Figure 4. Construction of the virtual model of the Edwards SAPI-
EN and integration into the aortic model. In this case all informa-
tion regarding the valve was acquired from data provided by the 
manufacturer and from the relevant literature.
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earlier. Boundary conditions in all cases involved blood 
mass inflow according to the area of the opened valve, 
as defined by the shape of the open valve leaflets for 
each considered operation phase. Blood mass flow 
conditions during the cardiac cycle were adopted from 
a previous relevant study, which acquired flow velocity 
and flow rate waveforms in vivo by phase contrast mag-
netic resonance imaging.4 A quasi-static approach was 
used to analyze aortic flow at the various instances of 
valve operation.16 Outflow mass fraction for each out-
let was defined according to Murray’s law, which sug-
gests that the flow ratio through a main vessel and a 
bifurcation is proportional to the inverse ratio of their 
diameters raised to the third power.17 Table 1 tabu-
lates inflow values and outflow percentages for each 
simulated case. Blood was assumed to be a Newtonian 
and incompressible fluid with dynamic viscosity of 3.50 
mPa·s and a density of 1060 kg/m3.18

Flow parameters

We assessed flow parameters that are considered rel-
evant to flow-induced detrimental phenomena, such 
as thrombosis, vascular wall damage, and valve failure, 
and we also considered the impact of valve implanta-
tion on myocardial load. We assessed both qualita-
tive and quantitative flow parameters; the former in-
clude the visualization of flow path lines by stream-
trace tracking of free particles released at the inflow 
in order to assess flowing velocity, vortex formation 
and flow recirculation, and the latter include the cal-
culation of shear stress, the shearing force exerted on 
the vessel walls and valve leaflets due to the flowing 
blood. We also considered blood pressures and pres-
sure drops along the flow domain in order to evalu-
ate the efficiency of the implanted valve regarding in-
duced myocardial load. Although we cannot directly 
link flow parameters and implantation outcome, it is 
plausible that the risk of thrombosis, vascular damage 
or valve failure would be higher if regions of the aorta 
are continuously exposed to flow conditions that pro-
mote these detrimental phenomena.

Results

The complex, time-dependent, three-dimensional na-
ture of the aortic flow field makes its presentation 
challenging. To illustrate the intricate dynamics of the 
flow field, flow trajectories are presented in Figure 5, 
wall shear stress distributions in Figure 6, and shear 
stress distributions at the valves’ leaflets in Figure 7. 

These figures clearly demonstrate that the implanta-
tion of the two simulated valves and also each simu-
lated phase of valve opening have distinct impacts on 
the aortic flow conditions. This is reflected in both 
the distribution and the magnitude of the flow indices 
in the aortic region.

Flow velocities and flow recirculation

In the case of the 1/3 valve opening, high flow veloci-
ties are evident at longer distances from the valve’s 
exit along the ascending aorta for the Medtronic valve 
(Figure 5). As a result, blood flow impacts the vessel 
wall of the ascending aorta with higher velocity and a 
flow vortex is subsequently formed at the aortic arch 
between the brachiocephalic and left common carot-
id branches (red arrow). Such a vortex is not evident 
in the case of the Edwards valve. This is likely due to 
the different geometries of the two valves. Medtron-
ic’s flow exit is slightly higher (upstream) in com-
parison to the Edwards’ flow exit; thus, in the case of 
the Medtronic valve the flow enters a region of ves-
sel curvature (aortic arch) and branching (brachioce-
phalic and carotid branches) at higher velocities. The 
flow conditions at 2/3 valve opening are similar for 
both valves, although now considerably lower flow ve-
locities are evident in the whole flow domain (ascend-
ing aorta, aortic arch and descending aorta). The flow 
vortex that was formed in the case of the Medtron-
ic valve during the earlier phase of valve opening is 
still evident (green arrow); however, the recircula-
tion velocity is now lower and significantly fewer par-
ticles participate in the vortex, indicating that for-
ward flow is gradually restored. In the case of the Ed-
wards valve, a small but identifiable vortex is formed 

Table 1. Boundary inflow and outflow conditions for the simulat-
ed valves and operation phases.

	 Mass outflow fraction per outlet

Simulated	 Mass inflow
case	 (kg/s)	 BCA	 LCCA	 LSA	 DESC

Edwards 1/3	 0.195
Edwards 2/3	 0.311
Edwards 3/3	 0.384	 10.7%	 4.0%	 7.0%	 78.3%
Medtronic 1/3	 0.144
Medtronic 2/3	 0.212
Medtronic 3/3	 0.384

BCA – brachiocephalic artery; LCCA – left common carotid artery; LSA – 
left subclavian artery; DESC – descending aorta.
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at this instant (blue arrow), which was not previously 
present. The flow conditions at 3/3 are considerably 
smoother for both valves, with absence of any flow 

recirculation and the majority of particles participat-
ing in forward flow, with overall lower flow velocities 
compared to the previous phases.

m/s

m/s

m/s

m/sEdwards Medtronic

m/s

m/s

Figure 5. Pathlines and velocity magnitude of blood flow for the simulated Edwards valve (left panel) and Medtronic valve (right panel) at 
the three considered phases of valve opening (1/3 upper row, 2/3 middle row and 3/3 lower row).
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Edwards 1/3
LO view

Edwards 1/3
RO view

Edwards 2/3
RO view

Edwards 2/3
LO view

Edwards 3/3
LO view

Medtronic
 3/3 LO view

Medtronic
1/3 LO view

Medtronic
1/3 RO view

Medtronic
2/3 RO view

Medtronic
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Figure 6. Wall shear stress (WSS) distribution for the simulated Edwards valve and Medtronic valve at the three considered phases of valve 
opening. WSS distributions are presented for both the left-oblique (LO) and right-oblique (RO) views of the aorta.
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Wall shear stress

The distributions of WSS in the aorta are similar for the 
two simulated valves: at the 1/3 valve opening higher 
WSS values are evident in the outer walls of the aorta, 
“opposite” the valve opening, and lower WSS at the in-
ner curve of the aortic arch and the descending aorta 
(Figure 6). Two “hotspots” of high WSS values are seen 
for both valves in the ascending aorta below the bra-
chiocephalic branch; these are due to high-velocity par-
ticles in the central axis of the aorta, which impact on 
the artery walls. The distributions of WSS in the aorta 
are more uniform in the phase of 2/3 valve opening and 
overall lower WSS are evident; however, in the case of 
the simulated Medtronic valve the two “hotspots” of 
high WSS are still identifiable. In the phase with a ful-
ly open valve, the distributions of WSS in the aorta are 
very similar for both valves, with a uniform distribu-
tion of WSS values and absence of any distinct charac-
teristics. The average values of WSS calculated for the 
whole aortic model are generally higher for the simulat-
ed Medtronic valve for all operation phases (Table 2). 
The maximum differences were noted for the 1/3 and 
2/3 valve opening phases, where the average WSS val-
ues for the Medtronic valve were 1.5-fold higher.

Leaflet shear stress

The average shearing stresses that were exerted on the 
leaflets of the two simulated valves were in the range 
1.8-15.2 Pa (Table 2). The highest shear stress val-
ues were evident at the edges of the leaflets for both 
valves, as the greatest flow velocity gradients were at 
these points (Figure 7). In the case of the simulated 
Medtronic valve, “hotspots” of shear stress were also 
seen at the periphery of the valve in the phase of 2/3 
opening. In the case of fully open valves (3/3), the high-
est shear stress values were distributed differently be-
tween the two valves: for the Edwards valve, the high-
est shear stress values of 15.0 Pa were evident at the 
bottom of the valve, whereas for the Medtronic valve 
the highest shear stress values of 22.0 Pa were distrib-
uted in the central part of the valve.

Pressure drop

The pressure drop or pressure gradient along a ves-
sel can be viewed as the force that drives blood flow. 
Thus, a low pressure drop indicates that the energy 
that has to be supplied by the myocardium to drive 
this flow is low, and low pressure drops are therefore 

considered beneficial in terms of myocardial load 
(Table 3). For all considered vessels, pressure drops 
were lower for the simulated Edwards valve than for 
the Medtronic valve. The highest pressure drops were 
evident between the ascending and descending aorta 
(198.0 Pa and 218. 0 Pa for Edwards and Medtronic, 
respectively). The differences in pressure drop be-
tween the two simulated valves were 9% for the de-
scending aorta, 21% for the brachiocephalic artery, 
6% for the left common carotid artery, and 7% for 
the left subclavian artery.

Discussion

Although the percutaneous implantation of biopros-
thetic valves is promising, the clinical value of this 
approach is still under study. The reported one-year 
mortality after transcatheter aortic valve replacement 
is 20%, similar to that of high-risk patients who un-
dergo surgical valve replacement (18%).5-7,9,11,19 Two-
year mortality is rather similar (33.9% vs. 35%),4 and 
long-term results (5 years) have detected a valve fail-
ure rate of 3.4%.20 The technical characteristics of 
the implanted valve may be of importance in this re-
spect. A plausible influence on implantation outcome 
is the aortic flow setting induced by the bioprosthetic 
valve, since aortic flow conditions are associated with 
various detrimental phenomena, such as vascular re-
modeling, vascular wall damage and thrombosis. Al-
though the genesis of aortic aneurysms can be ex-
plained in many ways,21 recent evidence indicates that 
flow dynamics (turbulence or stagnation) may in fact 
stress vessel walls, affecting the development of aor-
tic aneurysms.22,23 The WSS reflects the shear stress 
of fluid against the vascular wall or the viscous drag 
of blood.24 This force is minimal (1-20 Pa) compared 
with arterial blood pressure (100 mmHg ≈13000 Pa), 
however endothelial cells are responsive to variations 
in WSS.25 Such changes have a strong link with the 
onset and development of atherosclerosis, and possi-

Table 2. Average wall shear stress (WSS) and maximum leaflet 
shear stress (SS) for the simulated valves and operation phases.

Simulated case	 WSS (Pa)	 Leaflet SS (Pa)

Edwards 1/3	 3.5	 5.3
Edwards 2/3	 2.5	 2.1
Edwards 3/3	 2.4	 5.5
Medtronic 1/3	 5.3	 15.2
Medtronic 2/3	 3.7	 1.8
Medtronic 3/3	 3.0	 3.1



(Hellenic Journal of Cardiology) HJC • 425

Flow patterns of transcatheter aortic valves

bly the occurrence of aneurysms. This study sought to 
comparatively evaluate post-implantation aortic flow 
conditions with two popular bioprosthetic valves, using 
computational flow dynamics to simulate aortic flow.

The aortic flow patterns induced by the two valves 
were generally similar; however, several variations 
were also identifiable. These variations were due to 
the different geometries and design modules of the 

Figure 7. Shear stress distribution at the valve leaflets for the simulated Edwards valve (left panel) and Medtronic valve (right panel) at the 
three considered phases of valve opening (1/3 upper row, 2/3 middle row and 3/3 lower row).

Pa Edwards Medtronic

Pa

Pa

Pa

Pa

Pa
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valves. The Medtronic valve has a taller profile and 
the valve’s outlet is slightly upstream in comparison 
to the Edwards valve, although both valves were virtu-
ally implanted so as to have the transverse plane de-
fined by the closed valve leaflets at the same location. 
This geometric variation, in combination with the 
higher outflow velocities for the simulated Medtronic 
valve, leaves less room for smooth flow development 
before flow enters the curved section of the aorta, re-
sulting in the formation of a larger and more persis-
tent flow vortex. Thus, a shorter valve profile appears 
theoretically advantageous. A transvalvular jet was 
suggested as one of the important factors contribut-
ing to aneurysmal dilatation of the thoracic aorta, 
by regulating the matrix metalloproteinase level in 
the wall tissue.26 Similarly to our findings, a previous 
MRI study in patients who underwent implantation 
of an Edwards SAPIEN valve revealed asymmetrical 
systolic left ventricular outflow, with a flow jet form-
ing along the right anterior outer curvature of the as-
cending aorta that caused the development of marked 
helical flow.27 These findings are of particular interest 
in light of a recent study in high-risk patients with se-
vere aortic stenosis, which showed that transcatheter 
replacement resulted in much more frequent perival-
vular aortic regurgitation, possibly related to a less 
seamless alignment of the transcatheter prosthesis 
compared with surgically repaired valves.28

The WSS distribution following transcatheter 
aortic valve implantation is also of interest, since it 
may affect the endothelial and biological functions 
of the aorta. In this study, the highest WSS values 
for both valves were noted at the aortic arches. Our 
results are in keeping with those of a previous study 
that compared ascending aortic flow and WSS pat-
terns in bicuspid and tricuspid aortic valves and found 
that the maximum WSS values were localized around 
the mid-ascending aorta level, highlighting the effect 
of the jet flow on this portion of the wall.29 Our re-
sults regarding average WSS values are higher than 
those of relevant previous studies that calculated av-
erage WSS at a level of less than 1.0 Pa.4,22,30 How-

ever those studies calculated the time-averaged WSS 
throughout the cardiac cycle; thus, they also consid-
ered time intervals during valve closing when there 
was a reduced blood flow and thus reduced WSS val-
ues, whereas in our study we considered three distinct 
time points during valve opening, all with consider-
able blood flow rates. Nevertheless, the calculated 
average WSS values in our study are in a range that 
induces endothelial quiescence and an atheroprotec-
tive gene expression profile,31 but not high enough 
to cause matrix degradation in the wall, with the pos-
sible consequence of local enlargement and aneu-
rysm.32

Previous experimental and numerical blood stud-
ies have shown that high shear stress levels cause 
platelet activation, while long exposure times to 
these shear stresses combined with flow recircula-
tion promote thromboembolism.33 Similarly to a 
previous study,34 we have demonstrated that the 
WSS increases gradually from the base of the leaf-
let toward the tip, and reaches its peak at the edge 
of the leaflet tip, where the maximum axial flow ac-
celeration occurs. Additionally, the WSS distribu-
tions presented in this study clearly showed complex 
stress development patterns during the opening of 
the valve, which is considered to be the most detri-
mental factor for fatigue failure analysis.34 Platelet 
activation is pronounced at the region of the bio-
prosthetic valve, owing to the complex flow condi-
tions that the blood experiences at this region.35,36 
Activated platelets with a long residence time in 
these flow regions may aggregate, leading to the for-
mation of free emboli.37 We were not able to gain 
insight into platelet activation, since this requires 
assessing the trajectories of particles and the dura-
tion of exposure to elevated shear stresses through-
out the cardiac cycle. However, very high shear rates 
in the order of 10,000 s‑1, which correspond to shear 
stresses of 35 Pa, may cause immediate platelet acti-
vation.38 Although the average leaflet shear stresses 
calculated in this study were considerably lower for 
both valves, there were some “hotspots”, at which 
shear stress was higher than 35 Pa, for both simulat-
ed valves.

Our study demonstrated that the virtual implan-
tation of bioprosthetic aortic valves and the predic-
tion of post-implantation aortic flow patterns by com-
putational methodologies are feasible. Previous stud-
ies have also used computational methods to simulate 
implant deployment, in order to select the appropri-
ate implant size and type,39 or to model the interac-

Table 3. Pressure drop between the ascending aorta and the de-
scending aorta and branches.

Simulated case	 Pressure drop per outlet (Pa)
	 BCA	 LCCA	 LSA	 DESC
Edwards 3/3	 66.0	 163.0	 153.0	 198.0
Medtronic 3/3	 84.0	 172.0	 165.0	 218.0

Abbreviations as in Table 1.
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tion between the device and the aortic root anatomy, 
in order to study device performance.40 Therefore, 
such computational methodologies can theoretically 
be jointly applied in preoperative planning to assess 
the structural, functional and rheological outcome of 
implantation with a view to the selection of the most 
appropriate valve system.

Our study has several limitations. We considered 
an aortic model from a normal subject in which the 
bioprosthetic valves were incorporated, instead of di-
rectly reconstructing the anatomy of patients with im-
planted valves. However, this approach allowed a di-
rect comparison of the flow variations induced by the 
valve design. Inflow boundary conditions were not 
acquired from the same subject from whom the ves-
sel model was acquired. Although this would not be 
expected to influence the distribution of flow indi-
ces at the aorta, it could have a significant impact on 
their absolute values. As in most relevant studies, the 
aortic wall was assumed to be rigid and fixed, with 
no radial expansion or translational motion; how-
ever, the effect of this assumption is likely to be in-
significant.41,42 A quasi-static approach was consid-
ered, rather than pulsatile flow conditions; howev-
er, at each phase of the simulated valve operation 
we considered varying inflow conditions according 
to the phases of valve opening. The arterial model 
that we considered was taken from a normal subject; 
therefore, simulation results would be different in the 
case of aortic pathologies, such as aortic dilation or 
constriction. The simulated models of the two valves 
closely resemble the geometry and dimensions of the 
actual valves; however, they cannot be considered as 
exact reproductions. Since the metal struts of the sup-
porting stent were omitted, their impact on the WSS 
distribution was not considered.15,16 Finally, we as-
sumed an ideal valve configuration after implantation 
and non-compliant valve geometries;16 however, dur-
ing implantation of transcatheter aortic valves into 
calcified aortic annuli, misdeployment is likely, given 
the asymmetric shape of the target region.43

Conclusions

Acknowledging the various limitations, our study dem-
onstrates that aortic flow conditions after the simulated 
implantation of transcatheter aortic valves can be as-
sessed using computational fluid dynamics. This meth-
odology may be of value in the selection of appropriate 
valve systems and the future design of prosthetic valves, 
for either surgical or transcatheter implantation.
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