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Abstract

Background: Extremely large aortic valve anatomy is one of the remaining limitations

leading to exclusion of patients for transcatheter aortic valve replacement (TAVR).

Aims: The newly approved Myval 32mm device is designed for use in aortic annulus

areas up to 840mm2. Here we want to share the initial worldwide experience with

the device.

Methods and Results: Retrospective data were collected from 10 patients with

aortic stenosis and very large annular anatomy (mean area 765.5 mm2), who

underwent implantation with 32mm Myval transcatheter heart valve at eight

centers. Valve Academic Research Consortium‐2 device success was achieved in all

cases. Mild paravalvular leak was observed in three patients and two patients

required new pacemaker implantation. One patient experienced retroperitoneal

hemorrhage caused by the contralateral 6 F sheath and required surgical revision. No

device‐related complications, stroke, or death from any cause occurred within the

30‐day follow‐up period. In a studied cohort of 2219 consecutive TAVR‐screened

patients from a central European site, only 0.27% of patients showed larger anatomy

than covered by the 32mm Myval device by instructions for use without off‐label

use of overexpansion. This rate was significantly higher for the 34mm Evolut Pro

(1.8%) and 29mm Sapien 3 (2.1%) devices.

Conclusions: The Myval 32mm prosthesis showed promising initial results in a

cohort of patients who previously had to be excluded fromTAVR. It is desirable that
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all futureTAVR systems accommodate larger anatomy to allow optimal treatment of

all patients.

K E YWORD S

aortic valve disease, new devices (in general), percutaneous valve therapy

1 | INTRODUCTION

Transcatheter aortic valve replacement (TAVR) is an established

treatment alternative to surgical aortic valve replacement (SAVR) in

patients with severe aortic stenosis (AS) at intermediate‐, high‐, or

prohibitive‐surgical risk.1–3 Noninferiority of TAVR as compared with

SAVR in patients with severe AS, who are at low‐surgical risks, has

further increased its adoption across the globe.4–6 Moreover, with

the evolution of technology, more complex anatomy such as bicuspid

valves and heavy calcified leaflets have been successfully treated

with this less invasive approach. However, a considerable number of

patients screened for TAVR still has to be excluded due to unsuitable

anatomy. One of the most common exclusion criteria for the therapy

is too large anatomy of the aortic annulus. The largest available

current standard devices are limited to an annular area of 683mm2

(Sapien 3, Edwards) and annular perimeter of 94.2 mm (Evolut R,

Medtronic, USA) by manufacturer's instructions for use.

The Myval transcatheter heart valve (THV) (Meril Life Sciences

Pvt. Ltd) is a new‐generation balloon‐expandable device that has

been granted CE mark approval in 2020 after demonstrating safety

and efficacy for treatment of severe symptomatic native aortic

stenosis in intermediate and high‐risk patients.7 To address the

concern of size limitation of the currently available THV portfolio, a

wide range of sizes of the device has been developed including extra‐

large sized Myval THV (30.5mm and 32mm). To the best of our

knowledge, the 32mm Myval THV is the largest available aortic THV

as it covers annular areas of 700–840mm2. Herein, we share our

early experiences with use of the 32mm Myval THV for extremely

large aortic annuli to determine procedural feasibility and acute

clinical performance of the device in this patient population.

2 | METHODS

2.1 | Study design

This retrospective, multicenter observational study compiled data of

10 patients who underwent TAVR with the implantation of the

32mm Myval THV for treatment of severe native aortic stenosis at

eight different TAVR centers located in Germany, India, Italy, Poland,

South Africa, and Spain.

A multidisciplinary heart team of each participating center

evaluated the patients for eligibility of the TAVR procedure. Patients

who were treated with TAVR for pure aortic valve insufficiency or

transcatheter valve‐in‐valve implantation were excluded from the

study. Preprocedural work‐up included assessment of severity of

aortic stenosis using transthoracic echocardiography and determina-

tion of aortic root dimensions using multislice computed tomogra-

phy (MSCT).

Procedural success, in‐hospital and 30‐day follow‐up events are

described as defined by the Valve Academic Research Consortium‐2

(VARC‐2) consensus document.8

Furthermore, computed tomography (CT) sizing data from the

University of Regensburg transcatheter aortic valve implantation

(TAVI) database was used to describe the frequency of extra‐large

annuli in a central European cohort. All sizing data for patients

planned for TAVR in the center is prospectively collected in this

database. It is important to emphasize that the data set includes all

screened, and not only actually performed TAVR cases. Furthermore,

no patients of the cohort were excluded due to anatomical reasons

without undergoing CT screening. This is thus a representative

cohort in which, to the best of our knowledge, any preselection bias

due to anatomical contraindications can be excluded.

A total of 2219 consecutive patients who underwent TAVR

screening between 2012 and 2020 were identified. The evaluation of

the MSCTs was performed according to the standard recommenda-

tions.9 Statistical analysis was performed using the Medcalc software

(Medcalc Software Ltd). Normal distribution of sizing data was tested

using the Shapiro–Wilk test. The nonparametric two‐sided

Mann–Whitney U test was used to examine nonnormally distributed

sizing data.

The study was registered at the University of Regensburg Center

for Clinical Studies (Z‐2021‐1582‐9). Explicit ethics committee board

approval could be waived according to European regulations due to

the noninvasive retrospective character of the study.

2.2 | Study device

The design features of the Myval THV have been described

previously.10 In brief, the Myval THV is a bovine pericardial tri‐

leaflet balloon‐expandable THV system. It is structured on a nickel‐

cobalt alloy frame, which provides radial strength and radiopacity to

the valve. The hybrid honeycomb design of the THV frame is

characterized by the combination of open cells (53% of the frame

toward inflow tract) and closed cells (47% of the frame toward the

outflow tract) as shown in Figure 1. Myval THV was designed to

provide high radial strength at the annulus, while open cells prevent

coronary obstruction and provide accessibility for catheterization.

The decellularized bovine pericardium tissue valve is mounted on a
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metal frame. The internal and external skirting, composed of

polyethylene terephthalate, retards deposition of calcium (which

may damage the bioprosthetic valve tissue) and aids in minimizing the

propensity for paravalvular leak (PVL). The valve is delivered with a

flexible, over‐the‐wire balloon catheter delivery system, Navigator

THV delivery system (Meril Life Sciences Pvt. Ltd).

Based on the findings fromMSCT, an appropriate size of theTHV

is manually crimped on the Navigator balloon using a mechanical

crimping tool, Val‐de‐Crimp (Meril Life Sciences Pvt. Ltd).

The Myval THV is available in conventional sizes (20, 23, 26, and

29mm), intermediate sizes (21.5, 24.5, and 27.5 mm), and extra large

sizes (30.5 and 32mm). The inclusion of intermediate sizes and extra

large sizes of THVs in the size matrix of Myval intends to provide

greater flexibility to the heart team to choose the optimal sizing

without the need of empirical excessive under‐ or oversizing. This

might improve clinical outcomes as different studies have established

that inappropriate THV sizing is associated with adverse events such

as annular rupture, prosthesis embolization, patient–prosthesis

mismatch, paravalvular regurgitation, or significant conduction

disturbances.11–15

The Myval THV system is currently commercially available in

India, Latin America, CIS, South East Asia, Middle East, and Europe

(except Germany, Denmark, Italy, UK, France, Poland, Ireland, and

Sweden).

2.3 | Implantation procedure

All procedures were performed by experienced TAVR operators.

However, experience regarding the implantation of the Myval THV

was limited as the device is only newly available. In addition, the

procedure was the first ever use of the Myval system in the local

center in two of the cases. The indication for pre‐ and postdilatation

was set according to the center's best practice. Implantations were

performed under rapid overpacing. Figure 2 illustrates the implanta-

tion procedure in detail. Following removal of the delivery system

and access site sheath, the arteriotomy was closed according to the

center's common routine practice.

3 | RESULTS

3.1 | Summary of procedural outcome

All 10 patients included in the evaluation were male. Patient's age

ranged from 66 to 90 years. Eight patients were treated for tricuspid
F IGURE 1 Expanded Myval 32mm with a nominal area of
804mm2.

F IGURE 2 Implantation of the 32mmMyval. (A) Initial positioning. The middle of the second dense marker band of the crimped prosthesis is
positioned in projection to the aortic valve annulus. (B) Implantation. The implantation is performed under rapid overpacing. Notice the dog‐
bone shaped opening characteristic that is created by the separated proximal and distal inflow ports. This mechanism is intended to stabilize the
implantation. The solid conical spacers are visible as a contrast cavity in fluoroscopy (upper right panel). These spacers are mounted on the
delivery system within the inflation balloon and prevent dislocation of the crimped prosthesis from the implantation balloon during delivery,
retrieval or fine positioning while implanting. In addition, the proximal spacer allows retrieval through the expandable sheath by re‐expansion of
the sheath. (C) Final result. The angiogram in an RAO projection shows an intended implantation height and sufficient sealing without detectable
paravalvular leakage.
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aortic valve disease and two patients for bicuspid aortic valve disease

(both Sievers type I R/L). Pre‐operative MSCT assessment revealed

an average annular area of 765.5mm2 (712–822mm2). Table 1

summarizes further baseline clinical characteristics, preprocedural

echocardiographic, and MSCT findings of the study population.

Although the device can be implanted retrogradely via transa-

pical access or antegrade alternative accesses, all cases in this series

were suitable for transcutaneous transfemoral approach with the 14F

expandable Python sheath (Meril Life Sciences Pvt. Ltd). Implantation

was performed by center's choice under conscious sedation in six of

the cases, whereas four cases were under general anesthesia.

In nine of 10 patients, preballoon valvuloplasty with a 25mm

Mammoth balloon catheter (Meril Life Sciences Pvt. Ltd) was

performed under rapid overpacing. Post‐dilatation with the Navigator

delivery system was performed in one case to overcome mild PVL

that could be successfully eliminated. The arteriotomy caused by the

14F Python sheath was closed using the Proglide device (Abbott) in

eight cases or the MANTA vascular closure device (Essential Medical

Inc.) in two cases.

VARC‐2 device success was achieved in all patients.

Echocardiography was performed during the procedure and

before discharge in all patients. Three patients showed mild PVL at

discharge and the seven remaining patients showed no PVL. The

mean transprosthetic gradient at discharge was 5.6 mmHg on

average, with a maximum of 9mmHg in two patients.

Implantation of a pacemaker device within the index hospital

stay was necessary in two cases. Underlying reason was complete AV

block in one and persisting bradyarrhythmia in the other case. One

more patient showed a new‐onset LBBB after TAVR procedure

without an indication for pacemaker implantation.

Two patients suffered vascular complications: Patient 3 devel-

oped a retroperitoneal hematoma caused by a failure or a small‐bore

closure device (AngioSeal) that was used on the contralateral femoral

site of the TAVI access to close the 6F pigtail insertion sheath. The

hematoma was surgically treated in a second procedure. The event

was classified as not device‐related major vascular event. Patient 6

was treated for a pseudoaneurysm at the access site by manual

compression. The event has to be considered device‐related and a

minor vascular complication. Both patients fully recovered without

sequalae.

Thirty‐day follow‐up is available for all 10 patients. No further

VARC‐2 events occurred within the follow‐up period (Table 2).

3.2 | Frequency of large anatomy

The distribution of annular areas of the 2219 patients screened for

TAVR is illustrated in Figure 3A. Shapiro–Wilk test rejected normal

distribution (p < 0.0001) of annular area in the whole cohort as well as

in gender‐specific and the tricuspid patients' subcohorts.

Too large anatomy was found to be the most common cause of

anatomic contraindication to TAVI in the studied population,

accounting for 45% of the total excluded cases before the availability

of 32mm Myval THV (Figure 4).

The frequency with which patients had an anatomy that was too

large for the currently available largest prosthesis models (Sapien 3

29mm, Evolut R 34mm and Myval 34mm) was also analyzed. The

manufacturers' sizing specifications were used for this purpose,

which say that the balloon‐expandable models (Sapien, Myval) should

be chosen according to the annular area, while the annular perimeter

is used for the self‐expanding Evolut R prosthesis.

For ease of comparison, the derived diameters, which are

calculated using the circular formula, are given below for the

different prostheses.

In 46 patients (2.1%), the annular area exceeded 680mm2 (area‐

derived diameter of 29.4mm), which is the upper sizing recommen-

dation for the 29mm Sapien 3 device. Of these, only three patients

were female (6.5%). In contrast, 1118 patients (50.4%) of the whole

cohort were female.

The 34mm Evolut R THV is the largest commonly available

device. According to the manufacturer's recommendations, an aortic

annulus perimeter of 94.2 mm (perimeter‐derived diameter of

30.0mm) was set as the upper limit for the device suitability. This

results in in a total of 39 patients (1.8%) with too large aortic annular

perimeter including one female subject of the total studies cohort.

The 32mm Myval THV with its upper size range of 840mm2

(area‐derived diameter of 32.7 mm) was able to cover all but six

patients (0.3%) in the cohort, all of whom were male.

Accordingly, 84.6% of patients with too large anatomy for

conventional prosthesis could have been treated within the sizing

recommendations with the 32mm Myval device. The overall rate of

excluded cases could have been reduced by 38.0% using the Myval

32mm prosthesis.

Patients with bicuspid anatomy of any subtype showed signifi-

cantly larger anatomy than tricuspid patients in the Mann−Whitney

rank sum test (median 525 vs. 457mm, p < 0.0001). Annular area

above the upper sizing recommendation threshold of the 32mmMyval

THV (840mm2) was associated with bicuspid anatomy in four of six

patients (66%), whereas this rate was 31% (11 of 35) for patients above

the Sapien 3% and 32% (12/38) above the Evolut R sizing

recommendations.

4 | DISCUSSION

The present study provides early user experience of the 32mm

Myval THV for treatment of extremely large aortic annuli in a small

cohort of patients.

Feasibility of the implantation procedure was demonstrated as

VARC‐2 device success could be achieved in all cases. Furthermore,

none of the patient experienced relevant procedural complications,

except one patient who suffered a retroperitoneal hematoma.

However, as the hematoma was caused by failure of a 6F‐closure

device used for sealing the pigtail insertion sheath on the

4 | HOLZAMER ET AL.
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contralateral femoral side, the complication was considered not

device‐related and could be curatively treated.

During index hospital stay as well as up to 30‐day follow‐up, no

stroke or death occurred.

Hemodynamic performance of the THV was found adequate in

all cases. No patient showed more than mild paravalvular and none of

the patients any transvalvular regurgitation.

In five patients, evidence of mild PVL could be observed

after valve implantation in echo and/or angiography. This rate is

significantly higher than the reported PVL 1+ rate of 6.7% in

the Myval‐1‐study.8 An explanation for this finding might be the

underlying bicuspid anatomy and heavy calcium load in two of

the cases, another potential explanation might be that prostheses

sealing is more difficult in very large anatomy in general. The PVL

could be eliminated by postdilatation in two of the cases. In case of

the other three patients, postdilatation was not attempted as the

impact of mild PVL on outcome seemed more acceptable than the

potential risk of postdilatation. In our opinion, the indication for

postdilatation in PVL ≤ 2 should be a case‐by‐case decision, which

should be set under consideration of the expected patient activity

and age, anatomical risk constellation, and the potential operability in

case of a provoked complication.

Two patients required implantation of a permanent pacemaker

after the procedure, resulting in a PPI rate of 20% in the series. With

pre‐existing right bundle branch block in one and bicuspid anatomy

with massive calcium load of 4780mm3 in the other case, probability

for postoperative pacemaker dependency had to be considered high

in both cases.16,17 Therefore, and in conjunction with the low rate of

postprocedural pacemaker implantation in the Myval‐1 trial, we do

not necessarily consider this relatively high rate in our small series to

be representative and of concern.

However, it should be noted that post‐TAVR pacing rates in very

large anatomies have not been studied in detail to date and certainly

require larger series to obtain representative results. We can imagine

that common sizing strategies that are mainly based on relative areal

oversizing might be suboptimal in very large anatomy, as given

percentages of oversizing result in larger absolute overlap of the

devices to the patients' tissue. It is highly desirable that this issue is

explored in larger studies to find the optimal strategies to balance the

risks of inadequate paravalvular sealing and embolization of the

device against rupture of the annulus and damage to the conduction

system.

Data on the distribution of annular sizes in populations screened

for TAVR are surprisingly sparse and published only in small

multicenter studies,18 which is why we analyzed the sizing data of

a central European TAVR center to assess the need for extra‐large

TAVR prostheses. The data analysis showed a rate of about 1%–2%

of patients who are not covered within the approval of the

conventionally sized prostheses. Not surprisingly, male gender was

dominating and bicuspid anatomy was observed in a relevant fraction

of 31% of cases with anatomy above 680mm2.

To overcome the sizing limitation of the conventional large

devices to offer a treatment option for patients with too largeT
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F IGURE 3 Distribution of annular area. (A) Annular areas of the all‐comer cohort consisting of 2219 patients screened for
transcatheter aortic valve implantation (TAVI) at a central European site. (B) Focused view on patients with an annular area larger than
660 mm2. Orange indicator lines represent upper sizing limits according to manufacturer's instructions for use. A total of 36 patients
(1.6% of all screened patients) was too large for conventional treatment options using the 29 mm Sapien 3 or Evolut Pro 34 mm
devices. This rate could be dropped to six patients 0.27% using the 32 mm Myval device. [Color figure can be viewed at
wileyonlinelibrary.com]

F IGURE 4 Anatomical contraindications for transcatheter aortic valve implantation (TAVI). In the assessment of CT scans from 2219
patients, anatomical contraindications were found in 82 cases. Too large anatomy for conventional transcatheter aortic valve replacement
(TAVR) devices was found in 36 patients as the most frequent contraindication for TAVR. Using the 32mm Myval device, 30 of the 36 patients
(83%) could have been treated within the intended sizing range. *Patients with annular area larger than 680mm2 and perimeter larger than
94.2 mm according to the sizing ranges for 29mm Sapien 3 and 34mm Evolut Pro †other reasons are cases with contraindications caused by
mitral valve prosthesis, left ventricular outflow tract (LVOT) aneurysm and protruding coronary ostial stent. [Color figure can be viewed at
wileyonlinelibrary.com]

HOLZAMER ET AL. | 9

 1522726x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ccd.30820 by U

niversitaet R
egensburg, W

iley O
nline L

ibrary on [13/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


anatomy, off‐label use of the 29mm Sapien 3 and Evolut R devices

have been performed and published in different retrospective studies.

Shivaraju et al.19 observed that overexpansion (~11%–13%) of

the SAPIEN‐3 can be considered as an effective approach to

accommodate larger annular sizes. The authors describe that over-

sizing the Sapien 3 device with 2–4mL of additional volume for the

delivery balloon might be an option to increase the maximum sizing

range of the 29mm device up to 740mm2. Next to expanding the

upper sizing limit of the large valve size, the authors also state that

this technique could be an option to optimize the valve sizes for

patients with borderline anatomy that is in between to sizes. In CT

studies that were performed after the overexpansion, the in‐ and

outflow‐portion of the stent appeared flared and were described

about 10% larger than the valve's nominal size. Although they did not

observe this in their patient cohort, the authors state that this might

have negative impact on leaflet coaptation and might lead to central

insufficiency. Subsequent clinical studies demonstrated encouraging

clinical outcomes of TAVR for treatment of large aortic annulus

(>683mm2) with overexpansion of the 29mm SAPIEN‐3 THV.20–23

Published data on use of the Evolut R in extra‐large anatomy is limited

to the TAVR‐LARGE registry24 to our best knowledge. The study

describes the usage of both the Sapien 3 and Evolut R prosthesis in its

extra‐large subcohort of 125 patients with an average annulus area of

702mm2 and the regular “on‐label” cohort with average annular area

of 617mm2. The authors conclude that both devices can be used with

similar results to regular large anatomy in the extra‐large patients.

Nevertheless, mean aortic area of the aforementioned studies

varies between 698 and 721mm2, and publications that focus on

patients with extremely large aortic annulus (aortic area >740mm2) is

limited to very small case series.25 Although the above studies are

positive about the clinical performance of Sapien 3 THV for treatment

in the “off‐label” indication, all authors state that generalization of

results requires careful consideration of retrospective analysis and

limited patient numbers.

The first prospectively collected and monitored trial cohort

that includes patients with extra‐large anatomy is the nested XL

registry of the currently enrolling LANDMARK trial (ClinicalTrials.gov

NCT04275726). Data of this trial will hopefully bring some evidence

in this field.

Further concerns about the concept of overexpansion of

conventional sized prosthesis have arisen by ex vivo bench testing.

Sathananthan et al.26 report mechanical valve dysfunction after

bench‐testing overexpansion in some of the investigated Sapien 3

prostheses. In this bench test, overexpansion was tested in a small

number of prostheses with up to 3mL of additional volume. The

authors conclude that excessive overexpansion may be associated

with impaired hydrodynamic function, acute leaflet failure, and

reduced durability.

Results of ex vivo studies further raised concern of long‐term

durability of overexpanded THV in consideration with tissue damage

of the bioleaflets. Sellers et al.27 performed an ex vivo study to

determine the impact of overexpansion on leaflet ultrastructure

across different valve sizes (23, 26, and 29mm). The authors observed

ultrastructure damage to leaflets as evident by significant increase in

the entropy of fibrillar collagen (both on aortic and ventricular aspect

of the leaflets), leaflet thinning and increased density of tissue within

the leaflet matrix in overexpanded valves compared with the

nominally expanded control valves. Because of the limited follow‐up

periods of 1 year or less after implantation of overexpanded TAVR

prostheses, the true impact of these findings cannot yet be assessed

in clinical data.

An editorial comment on one of the retrospective studies

summarizes the concerns about off‐label usage of overexpanded

prostheses.28 The author concludes that future THVs should be

designed to function optimally at a wide range of conditions to

accommodate the variability in patient anatomy.

On the other hand, no larger trials are available for the new Myval

device. In contrast to Sapien valves only preliminary experience with

the very large anatomy exists, as summarized herein.

Therefore, the large amount of data with Sapien valves in normal

anatomy and comparably also larger experience with its off‐label

oversizing in patients with anatomy up to about 720mm2 needs to be

balanced against an on‐label application with only preliminary

experience.

The first prospectively enrolled and monitored study cohort to

include patients with extra‐large anatomy is the “Nested XL Registry”

of the currently enrolling LANDMARK study (ClinicalTrials.gov

NCT04275726). The data from this study will hopefully provide

some insights on this topic that has received no attention in

prospective multicentric trials until now.

The Myval THV series (Meril Life Sciences Pvt. Ltd) has a vast

range of THV sizes (traditional sizes: 20, 23, 26, and 29mm;

intermediate sizes: 21.5, 24.5, and 27.5 mm; and extra‐large sizes:

30.5 and 32mm). The expanded size matrix of the Myval THV

especially at the upper range of the portfolio might therefore

overcome these concerns in the vast majority of patients.

5 | LIMITATIONS

Our study carries inherent limitations of the retrospective observational

study. Acute clinical performance of the device was evaluated in a small

number of patients at short‐term follow‐up. Valve performance was

reported by the participating sites without core‐lab verification of the

underlying imaging. There was no systematic monitoring of reported

data. The evaluation of valve size suitability was performed in a

monocentric central European cohort. It can be assumed that annulus

sizes and thus anatomical contraindications vary in different ethnic

groups, which is why the results may vary globally.

6 | CONCLUSION

The present study shows promising first results regarding the

performance of the 32mm Myval THV in a cohort of patients with

extremely large annular anatomy in a real‐world scenario. Although

10 | HOLZAMER ET AL.
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the frequency of extra‐large anatomies is relatively low and the

examined prostheses sizes can be considered niche devices, it is

desirable that TAVI prosthesis manufacturers address larger anato-

mies when developing future models to allow optimal treatment for

more patients.

7 | IMPACT ON DAILY PRACTICE

With the availability of this extremely large prosthesis, a previously

untreatable cohort of potential patients with too large anatomy

could benefit from the advantages of the minimally invasive TAVR

therapy.
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