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Abstract

Aims: The evaluation of in vivo shaping of mitral valved stent prototypes using cardiac computed tomogra-
phy (CT) was the focus of this study.
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Methods and results: Twelve pigs received a self-expanding mitral valved stent, composed of an atrial ele-
ment connected to a tubular ventricular body at a modified angle (45°, 90°, 110°) resulting in three designs.
Cardiac CT was performed three weeks after implantation, with focus placed on stent design-related param-
eters: possible left ventricular outflow tract obstruction and stent shaping. CT was successfully conducted
in 11/12 animals showing correct stent position within the mitral annulus and no obstruction of the left ven-
tricular outflow tract in 9/11 animals. Minor radial deformations of the stent body were detected. At the atrio-
ventricular junction, deformations of the stent structure were observed in all cases. Stents with a 45° angle
exhibited the greatest deflection (<56.4°+14.5°).

Conclusions: The effectiveness of cardiac computed tomography in the development process of valved
stents to provide essential information and quantitative data about the in vivo stent geometry was demon-
strated. The in vivo mechanical deformations of the stent were quantified, identifying critical design areas:
a larger preset angle leads to less deflection and improved alignment and hence reduces the mechanical load.
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Introduction

The implantation of a valved stent into the mitral position in the
beating heart has been the focus of recent research!. Such a tech-
nique would allow the treatment of elderly patients with severe
comorbidities who are non-compliant to standard surgery?. The fea-
sibility of transcatheter mitral valved stent implantation aiming at
an off-pump replacement of the mitral valve was first reported by
von Segesser and colleagues in 2005°. To date, promising results
have been achieved in experimental development of mitral valved
stents**.

The in vivo assessment of stent design-related parameters, as well
as functional parameters, is of great importance throughout the devel-
opmental process of these novel cardiac devices. Echocardiography
is an established imaging method, but has reproducibility and accu-
racy limitations, particularly with regard to stent design-related geo-
metric parameters’. Multiple studies show the benefits of cardiac
computed tomography (CT) for the evaluation of different cardiac
devices, such as the assessment of coronary stents or bioprosthetic
aortic valve implants®®. Furthermore, CT is a method increasingly
utilised in the assessment and evaluation of patients undergoing
transcatheter aortic valve implantation (TAVI)!%-12,

During the development process of new devices such as the
mitral valved stent, cardiac CT data provide valuable information
and can be used to evaluate the geometry of the valved stent in an
in vivo setting. Apart from functional parameters, the deformation
(oval deformation, angular deflection) of the valved stent in vivo
as well as its adaptation within the native structures can be quan-
titatively analysed. One critical design element during stent devel-
opment is the shaping of the junction between the ventricular and
atrial elements. An optimal fit into the native structures has to be
provided in order to reduce mechanical loading. At the same time,
paravalvular sealing has to be achieved and the stent position has to
be stable. In particular, a migration into the left ventricle has to be
avoided. Therefore, three different stent configurations have been
designed and compared. The aim of this study was the quantitative

Mitral valved stent implantation: a CT evaluation

evaluation of in vivo shaping of these mitral valved stent prototypes
by cardiac computed tomographic analysis.

Materials and methods
MITRAL VALVED STENT DESIGN
The mitral valved stent is composed of a cone-shaped atrial element
connected to a tubular ventricular body. The self-expanding nitinol
stent frame (Euroflex GmbH, Pforzheim, Germany) was cov-
ered with a polytetrafluoroethylene (PTFE) membrane (Zeus Inc.,
Orangeburg, SC, USA). A trileaflet bioprosthetic heart valve was
sewn into the ventricular body and a ventricular fixation system
consisting of four neochordae was attached to the ventricular rim.
The angle between atrial element and ventricular body was mod-
ified to evaluate its effect on alignment within the native anatomy
of the left atrium. In this study, three different prototypes with:
1) a narrow angle of 45° (n=4), 2) a medium angle of 90° (n=4), and
3) a wide angle of 110° (n=4) were evaluated (Figure 1). The nitinol
stent frame of the wide-angled prototypes was manufactured from
raw material with a decreased thickness.

TRANSAPICAL IMPLANTATION PROCEDURE

Twelve pigs (German Landrace and German Edelschwein) with an
average body weight of 49.9+3.8 kg underwent transapical mitral
valved stent implantation in an off-pump technique, as described
previously**. A lower ministernotomy was performed, granting
access to the apex of the heart in the porcine model*>!314. Stent
deployment and positioning was performed under transoesophageal
echocardiographic (TEE) guidance (Philips iE33 xMatrix, TEE
Probe X7-2t; Philips Healthcare, Best, The Netherlands). A full
TEE evaluation was performed one hour after successful implanta-
tion following a comprehensive standardised protocol. All animals
received humane care, as approved by the Center for Experimental
Animal Research at the University of Kiel, Germany, in compli-
ance with the “Guide for the Care and Use of Laboratory Animals”
prepared by the Institute of Laboratory Animal Resources, National

Figure 1. Schematic drawing and image of 45° angle prototype (A & B); 90° angle prototype (C & D); and 110° angle prototype (E & F).

a: atrial element; v: ventricular body
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Research Council and published by the National Academy Press,
revised in 2011. Echocardiographic and haemodynamic data of pigs
implanted with a mitral valved stent prototype have been published
previously*%13:14,

COMPUTED TOMOGRAPHY

A cardiac CT was performed three weeks after successful implanta-
tion of the mitral valved stent. The CT examination was performed
under total intravenous anaesthesia and intermittent positive pres-
sure ventilation in the supine position. To establish a baseline, a car-
diac CT was performed under identical conditions prior to mitral
valved stent implantation in two pigs (49.5+1.8 kg).

CT scanning was performed using a high definition 64-slice
scanner (Siemens SOMATON Sensation; Siemens Healthcare,
Forchheim, Germany) in the craniocaudal direction during single
expiratory breath-hold and with synchronised electrocardiogram
(ECG) using leads placed in the standard position.

Data were acquired with a tube voltage of 120 kV and a tube
current of 770 mA. Detector collimation was 1x64x0.6 mm, slice
acquisition 64x0.6 mm by means of a z-flying focal spot, tube rota-
tion time 0.33 s, and table feed 7.68 mm per rotation. The pitch
was set to 0.2. The studies were acquired after injection of 80 ml
iodinated contrast media (Imeron®350; Bracco Imaging, Konstanz,
Germany) followed by 60 ml of 30 percent contrast media dilution
and again followed by 50 ml of saline solution. Flow rate during the
injection sequence was 5 ml/s. The delay time prior to scan acqui-
sition was estimated by injection of a 10 ml contrast medium test
bolus at 5 ml/s, followed by 40 ml saline solution. The actual delay
time was calculated as the time to peak contrast attenuation in the
aortic bulb plus three seconds. The contrast medium was adminis-
tered intravenously using a double head power injector (Injektron
CT2; MedTron AG, Saarbriicken, Germany). Beta-blockers were
not administered.

A retrospectively ECG-gated algorithm was used for data pro-
cessing (VB40B, Syngo CT 2009E; Siemens Healthcare). The raw
data were reconstructed at eleven phases of the r-r interval (0-90%
at 10% intervals and at 65%) with a smooth convolution kernel

(B25f) and a patient-adapted field-of-view (FOV). All images were
reconstructed on a 512x512 pixel matrix at a thickness of 1 mm

with 0.5 mm overlap.

DATA ANALYSIS

Analysis of the reconstructed data was performed using car-
diac review software (OsiriX, v.4.1.2; Pixmeo SARL, Geneva,
Switzerland) by two observers in consensus reading. The focus of
this study was the evaluation of stent-design-related parameters
(oval deformation, angular deflection). To quantify the expansion
of the tubular stent body, minimal and maximal diameters were
determined in the valvular plane and at the ventricular rim in short-
axis view during mid diastole (65% ECG phase) and end systole
(20% ECG phase). The contours of the stent leaflets in the valvu-
lar plane were manually drawn to calculate the effective opening
area during diastole. Obstruction of the left ventricular outflow tract
(LVOT) was expressed as percentage based on the opening area of
the aortic valve and the LVOT during systole.

One parameter of particular interest was the deflection of the
angle o between the ventricular stent body and the atrial element
in vivo. Bearing this in mind, the parameter “angular deflection”
was defined as the deviation between the angle o preset during the
manufacturing process (45°, 90°, 110°) and the angle o as derived
from the cardiac CT evaluation. This parameter relates directly to
the mechanical forces acting upon the nitinol stent frame. To evalu-
ate the angular deflection, the annulus was divided into four zones
following Carpentier's segmental valve analysis: anteromedial,
anterolateral, posterolateral and posteromedial'®. In each zone, the
angle of the atrioventricular junction was measured in four views
perpendicular to the valvular plane (Figure 2) during systole and
diastole (20% and 65% ECG phase).

To assess possible changes of the heart geometry, the left atrial
(LA) diameter, height and circumference were evaluated in four-
chamber and short-axis view at maximal atrial filling and meas-
ured at a distance of 5 mm to the valvular plane. The perpendicular
distance from the valvular plane to the plane between the papillary
muscle heads and the apex was determined in end diastole (80%

Figure 2. Cardiac CT images acquired in mid diastole (65% ECG). A) Image showing the four zones that were defined to evaluate the angular
deflection. B) View perpendicular to the valvular plane in the anteromedial zone. The nitinol stent frame was marked green. a.: angle between

ventricular and atrial element; Ao: aorta; LA: left atrium; LV: left ventricle



ECG phase). Basal and mid ventricular thickness of septum and
myocardium were measured in four-chamber view during end dias-
tole. The effective valvular opening area was derived from the car-
diac CT data in the valvular plane during mid diastole.

Furthermore, a volumetric left ventricular analysis was per-
formed and the left ventricular ejection fraction (EF) was calcu-
lated. Thereafter images for end systole and end diastole were
prepared as those presenting the smallest and largest luminal cav-
ity areas, respectively, at mid ventricular level. The left ventricu-
lar endocardial contours were manually drawn into end-diastolic
and end-systolic images. Papillary muscles and trabeculations were
included in the volumetric analysis. A macroscopic evaluation was
performed after the animals were sacrificed.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS 20.0 (IBM Corp.,
Armonk, NY, USA). For all quantitative measurements results were
expressed as meantstandard deviation. The homogeneity of vari-
ances was tested with the Levene’s test. Based on the small num-
ber of observations, a test of normality will have very poor power.
As no obvious outlying values were observed, normally distributed
data were assumed and groups were compared using the univariate
analysis of variance. In case of significant differences, Bonferroni
or Dunnett’s T3 post hoc tests were performed. For evaluation of
the angular deflection, differences between the individual areas and
differences between systole and diastole were identified with the
Student’s t-test. With regard to the small sample size, p-values were
cited with an exploratory intention only. The probability of a type I
error was set to 5% (0=0.05).
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Results

In eleven of twelve cases a cardiac CT was successfully performed
and the mitral valved stent was evaluated. One animal died during
the CT evaluation from an anaesthesia incident and was not avail-
able for evaluation (110° prototype).

STENT POSITION

CT evaluation confirmed correct stent position within the native
mitral annulus in all cases (Figure 3). An LVOT obstruction was
detected in two of eleven cases (45°: n=1; 90°: n=1) (Table 1).
No paravalvular leakages (PVL) were detected in the 110°-angled
group after successful stent implantation'>. In the other two groups,
mild and trace PVL was detected in both groups'*.

STENT EXPANSION

Minor deformations of the stent body were detected in all three
groups (Table 1). Diameters were lower in the 45° and 90° pro-
totype groups (p<0.44). Deviations of the predefined inner stent
diameter were in a similar range in these groups. The 45° and 90°
prototypes were slightly “ovalised” (<3 mm deviation of minimal
and maximal diameters). The 110° prototype showed a greater

deviation of minimal and maximal diameters (>4 mm).

EFFECTIVE OPENING AREA

The effective opening area of the stent valve was >4 cm? in seven
out of eleven cases (45°: n=4; 90°: n=2; 110°: n=1) and greater than
2 ¢m? in the remaining four cases (90°: n=2; 110°: n=2) (Table 1).
The effective opening was larger in the 45° prototype group com-
pared to the 110° prototype group (p=0.02).

Figure 3. 4), B) & C) Cardiac CT short- and long-axis standard views showing correct stent position and no LVOT obstruction of the 110°
prototype one month after implantation. Ao: aorta; LA: left atrium; LV: left ventricle (white arrow indicates the nitinol stent frame)

D) Three-dimensional reconstruction showing the nitinol stent frame and left atrial and ventricular volumes.
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Table 1. LVOT obstruction evaluated in systole.

. Design (atrio- |Stent ID preset Stent ID diastole Stent ID systole Effective opening LvoT
LUTTHE] ’ . . - .
ventricular j.) [mm] min [mm] max [mm] min [mm] max [mm] area [cm?] obstruction
1 45° 28.0 24.6 26.1 25.2 27.4 7.2 None
2 28.0 26.2 26.7 25.2 28.1 8.1 21%
5 28.0 24.2 26.8 24.5 253 7.4 None
4 28.0 24.0 25.6 22.2 26.1 8.0 None
Mean 28+0¢ 24.7+1.0¢ 26.3+0.6¢ 24.3+1.4* 26.7+1.3¢ 7.7+0.4%
Deformation AD n.a. 3.3x1.0 1.7+0.6 3.7+1.4 1.3£1.3 n.a.
5 90° 27.0 22.8 25.8 23.2 25.1 7.4 43%
6 27.0 26.0 26.7 24.9 27.4 8.1 None
7 28.0 26.8 28.0 25.2 28.1 2.46 None
8 30.0 26.3 28.2 25.9 26.8 3.72 None
Mean 28+1.4¢ 25.5+1.8" 27.2+1.1* 24.8+1.17 26.8+1.3" 5.4+2.8
Deformation AD n.a. 2.5+1.7 0.8+0.8 3.2+0.9 1.2+1.7 n.a.
9 110° 32.0 * * * * * *
10 30.0 29.6 35.1 29.9 36.3 4.19 None
11 32.0 28.5 32.7 28.6 3.3 3.88 None
12 32.0 30.3 3810 28.4 324 2.49 None
Mean 31.5+1.0 29.5+0.9 33.6+1.3 29.0+0.8 34.0+2.0 3.5+0.9
Deformation AD n.a. 1.9+1.6 -2.3+2.4 2.4+2.0 -2.7+3.2 n.a.
Diastole evaluated at 65% ECG, systole evaluated at 20% ECG. Design: preset angle (45°, 90° or 110°) of the atrioventricular junction between
ventricular stent body and atrial element; ID: inner diameter of the ventricular stent body; min: minimal diameter; max: maximal diameter; AD: maximal
deformation of the preset diameter (IDpreset =D, ee)- “NOL to be evaluated (animal died of an anaesthesia incident); "animal with endocarditis; *p<0.05
compared to the 110° prototype group

ANGULAR DEFLECTION

At the atrioventricular junction, large deformations of the stent
structure were observed in all cases. The degree of deflection var-
ied greatly in the four determined areas. Stents with a 45° and 90°
angle exhibited a greater deflection of the preset stent geometry
compared to stents with a 110° angle in all areas during systole
and diastole (p<0.032; Table 2). The greatest deflection of the 45°
angled group was revealed in the anteromedial area (56.4°+14.5°,
p=<0.18; Figure 4). The 110° stents displayed differences between
the posteromedial area, and the posterolateral and anteromedial
areas only in systole (p<0.045). Deflection from the preset geom-
etry was higher during diastole in all groups (p<0.046).

TISSUE DIMENSIONS AND VOLUMETRIC ANALYSIS
Evaluation of left heart dimensions and volumetric analysis showed

variable results (Table 3). Hence, the significance of a comparison

among the groups is depleted due to the limited number of ani-
mals. A tendency to smaller left atrial diameters was observed in
the wide-angled 110° prototype group. Left ventricular volumetric
analysis showed a tendency towards a higher ejection fraction in the
group of wide-angled 110° prototypes. The end-diastolic volume
was larger in the 90° and 110° prototype group compared to the 45°
group (p<0.043).

MACROSCOPIC EVALUATION

The macroscopic evaluation confirmed correct stent position within
the native mitral annulus in all cases. In one of the four animals with
areduced effective mitral opening area, minor signs of endocarditis
were detected; in the remaining three cases the leaflets were partly
stiffened. Fractures of the nitinol stent frame were found more fre-
quently in the 45° prototype group and occurred mainly in the area

of the atrioventricular junction.

Table 2. Angular deflection (°) at the junction between atrial element and ventricular body.

‘ Anteromedial (septal) ‘

Anterolateral

‘ Posterolateral ‘ Posteromedial

Narrow (45°) 20% 51.3+£19.0*1 37.1£25.4*% 33.2+£18.0*™" 25.5+£14.2*%

65% 56.4+14.57 41.4£19.4% 38.8+13.5% 32.0+12.0™
Medium (90°) 20% 17.8+1.6*1 13.5+4.2% 17.6+3.6*" 14.5+5.1*1

65% 21.9+3.8" 13.4+8.9" 22.5+6.5" 18.8+4.71
Wide (110°) 20% 16.4+5.41 17.6+5.07 17.1+1.37 12.1+3.4*%

65% 17.9+4.47 19.3+5.17 18.1+3.21 18.4+5.41
*p<0.05 during comparison of the angular deflection during systole (20% ECG) and diastole (65% ECG) in this area, the angular deflection being
defined as deviation of the angle o between ventricular and atrial element in vivo and the preset angle a (45°, 90°, 110°); "p<0.05 compared to the
110° prototype; *p<0.05 for evaluation of differences in comparison to the anteromedial area
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Figure 4. Cardiac CT long-axis views showing the stent deflection in the anteromedial (septal) area. The red lines indicate the preset design,
the green lines the in vivo stent shape. A) Prototype N (45°); B) Prototype M (90°); C) Prototype W (110°); Ao: Aorta; LA: left atrium; LV: lefi

ventricle

Discussion
The Euro Heart Survey revealed that surgery was denied to 49% of
patients with severe symptomatic mitral regurgitation (MR) due to an
impaired left ventricular ejection fraction, older age and comorbidi-
ties'®. In future, the total number of patients suffering from MR will
increase due to demographic changes'’, creating a rapidly growing
demand for alternative, less invasive treatment options. An approach
for treatment of MR to meet this requirement is the transapical implan-
tation of a valved stent into the native mitral annulus in the beating
heart*®. Particular challenges for the development of such a device are
the complex anatomy of the native mitral valve apparatus, the relative
motion of the native mitral annulus and its position in the high-pressure
system of the left heart. Previously, different studies have been pub-
lished focusing on echocardiographic evaluation after mitral valved
stent implantation in the beating heart**!>!4, In this study, the mechani-
cal in vivo deformations of mitral valved stents have been quantified by
computed tomographic analysis for the first time.

Cardiac CT is commonly used to analyse the native mitral valve
and its pathological changes'®! and can provide valuable data

Table 3. Geometrical parameters and left volumetric analysis.

during the development process. High-resolution, three-dimen-
sional data acquisition and high reproducibility of adjusted views
enable exact measurements, especially of experimental unusually-
shaped devices. The study shows that design-related parameters can
be quantified using CT and thus allow the identification of critical
design areas.

STENT POSITION

Correct position was reproducibly shown, confirming the results
of echocardiographic data®. An LVOT obstruction was observed
in two out of eleven animals. This parameter is influenced by the
patient’s individual anatomy as well as the apical point of fixation
and the relative stent size. Therefore, patient-specific planning will
be of great importance in the clinical application of this new device.

STENT EXPANSION

An oval deformation of the valved stents was detected in all groups,
indicating an adaptation to the oval shape of the native mitral annu-
lus. This oval shaping may reduce the risk of paravalvular leakages
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Parameter Narrow 45° Medium 90° Wide 110° Native
LA dimensions 2-chamber view (mm) 63.2+3.2 51.1+9.8 52.8+5.0 45.3+8.6
4-chamber view (mm) 50.3+8.3 46.5+5.0 42.3+£5.8 49.1+5.3
Height (mm) 27.7+6.9" 37.1£2.7 40.9+3.3¢ 25.6+5.41
Circumference (cm) 19.5+9.3 19.3+2.3 20.7+2.9 15.9+1.0
LV dimensions MV to apex (mm) 51.7+4.6¢ 62.2+5.8" 53.4+3.5 65.3+0.31
MV to papillary muscle (mm) 20.0£5.7 20.1x1.3 17.4+0.3 16.5+1.1
Septal thickness (mm) 10.4+2.1 9.4+1.5 8.3+2.9 8.1+0.3
Myocardial thickness (mm) 10.3+2.6 12.2+2.9 9.5+2.4 6.2+1.8
LV volumetric EDV (cmd) 81+8¢ 1144417 117+15" 108+28
analysis ESV (cm?) 48+14 58+22 56+3 505
EF (%) 40+17 49+11 51+8 53+7
LA dimensions evaluated at maximal atrial filling (40% ECG phase) and measured at 5 mm distance from valvular plane. LV, septum and myocardium
dimensions evaluated at end diastole (80% ECG phase) in mid ventricular height. EDV: end-diastolic volume; EF: ejection fraction; ESV: end-systolic
\rﬁélrjgfj;\;iqﬁt*to be evaluated (animal died of an anaesthesia incident); °not to be evaluated due to missing contrast; "p<0.05 compared to the result
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by improved alignment with the native structures. However, it
implies the risk of central MR. It was noted that the oval deforma-
tion was greatest in the third group of 110° wide-angled stents. Due
to its decreased thickness, the stent frame was less rigid and we
suppose that it hence adapted more easily to the native geometry of
the mitral annulus.

EFFECTIVE OPENING AREA

The effective opening area of the stent valves was normal (>4 cm?)
in seven out of eleven cases. Endocarditic adhesions were found in
one animal with reduced opening area. In the remaining three cases,
mobility of the stent valve leaflets was partly reduced. Leaflet stiff-
ening and defects caused by intrinsic calcification lead to mechani-
cal failure of bioprosthetic heart valves®. One of the most important
factors for the calcific failure is glutaraldehyde crosslinking?!. Even
though stenotic changes of the stent valve could have influenced the
results of the study, these changes are not directly linked to the stent
design. At the early experimental stage of this study, the develop-
ment of an adequate stent design is the main challenge.

ANGULAR DEFLECTION

The deflection angle between the ventricular stent body and the
atrial element proved to be a critical design parameter, allowing
the quantification of the in vivo deformation of the atrioventricular
junction. Hence, it directly relates to the mechanical stresses and is
of the greatest importance for enhancement of long-term durability.
Reduced in vivo deformation implies less stress in the nitinol frame
and increased durability. However, we believe a certain deforma-
tion to be necessary to enable a secure stent position and good
paravalvular sealing. Even though the number of animals in this
study was relatively low, distinct tendencies were identified. The
45° narrow-angled prototype showed the greatest deformation, with
deflection of up to 56°. The prototype design with a wide angle of
110° showed the least deflection of the preset angle providing opti-
mal low deflection and good stability of the valved stents, reflected
in good paravalvular sealing and the excellent wellbeing of the ani-
mals after an observation period of one month. Echocardiographic
analysis after implantation of the wide-angled prototype showed no
PVL directly after implantation and good health of the animals until

planned euthanasia'®.

TISSUE DIMENSIONS AND VOLUMETRIC ANALYSIS

In contrast to the stent design-related parameters, left atrial and left
ventricular dimensions were variable. Due to the limited number
of animals, a comparison between the groups has limited validity.
The smallest left atrial diameters after valved stent implantation
were detected in the 110° wide-angled group. This correlates well
with the general wellbeing of the animals, which was excellent after
three weeks in this last group.

The volumes determined during the left ventricular volumetric
analysis were within normal ranges for animals with a 90° and 110°
prototype with a mean ejection fraction of 51.3% (110° group),
being comparable to the baseline reference.

In addition to the important information to be derived from car-
diac CT during the experimental development process of mitral
valved stents, we believe it to be an important technique for the
clinical use of such a device. It may prove to be an important tool
during preoperative and postoperative planning and evaluation of
a clinical mitral valved stent implantation, as commonly seen dur-
ing TAVI procedures''2.

Limitations

In this study, the mitral valved stents were implanted into the hearts
of healthy pigs with normal valves and physiological haemody-
namics. The effectiveness of the valved stents in eliminating mitral
regurgitation in pathological hearts has to be proven, and the effect
of possible remodelling has to be analysed in future studies. The
number of animals analysed in the different study groups was low
due to the early experimental stage of this study.

Conclusion

Good in vivo performance of the mitral valved stents was dem-
onstrated at a high reproducibility. The results of the cardiac CT
evaluation quantify the mechanical deformation of valved stents
throughout the heart cycle, identifying critical areas within the stent
design (atrioventricular junction, “ovalisation”). The results of the
computed tomographic comparison indicate that a larger preset
angle of 110° leads to less stent deflection, improved stent align-
ment within the native anatomy and hence reduces the mechanical
load and the risk of stent fractures. This study shows the effective-
ness of cardiac CT for quantification of the in vivo stent defor-
mation, highlighting the potential of this technique during the
development process of novel devices.

Impact on daily practice

Minimally invasive off-pump implantation of a valved stent
into the mitral position could be of large benefit, in particular
for multi-morbid patients, often being non-compliant for stand-
ard surgery. Three design iterations of a self-expanding valved
stent were compared following successful implantation into
the mitral valve using multislice cardiac computed tomogra-
phy (CT) to identify the superior design. This study highlights
the effectiveness of cardiac CT for early application during the
stent development process. An approach is presented for the first
time to quantify the in vivo mechanical deformations of mitral
valved stents using cardiac CT, identifying critical design areas
and potential for stent design improvement. Thus, a technique is
presented to enhance the stent development process at an early
experimental stage.
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