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fter the success and worldwide adoption of tran-

scatheter aortic valve replacement (TAVR), the percuta-
neous replacement of a diseased mitral valve (MV) rapidly
became a target for investigators and industry. The rejuve-
nated enthusiasm of industry in this field is also corroborated
by the fact that, in 2015, ~2.5 billion dollars were invested in
MV technology development and engineering, making this
topic extremely timely. However, although transcatheter
aortic Valve replacement has already become the standard
of care for the treatment of aortic stenosis (AS) in patients
considered at increased risk for conventional surgery,'
transcatheter MV replacement (TMVR) has not yet achieved
the same results.

MV disease is more common than AS,*5 and the surgical
approach still remains the gold standard treatment for
degenerative mitral regurgitation (MR).® For patients at high
surgical risk who are denied surgery and for whom medical
therapy is not sufficient,® TMVR may mature as a promising
therapeutic option.”

As a matter of fact, MR is the most common valve disease,
considering that in developed countries the prevalence of
rheumatic heart disease and consequent mitral stenosis
encountered a dramatic reduction in the past decades.*
Moreover, the increased life expectancy and the growing
incidence of ischemic heart disease, combined with advanced
medical and interventional therapies, have led ischemic
functional secondary MR and degenerative primary MR to
further increase.® Consequently, this growing interest in the
development of percutaneous treatment options for MV
disease goes parallel with the much higher prevalence of this
valvulopathy in the general population, combined with the
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increased group of high-risk elderly patients who could not
benefit from the standard surgical treatment.’

Insights into the Technical Challenges
Between TMVR Versus transcatheter aortic
Valve replacement

Anatomical and pathophysiological reasons’ traditionally led
to a preference for an MV repair rather than a replace-
ment,'®"" thus contributing to the delay in the evolution of
TMVR technology; only a relatively small number of cases of
TMVR have been performed worldwide. Various trials studying
different devices are still ongoing or in their early stage. TMVR
can provide some advantages over percutaneous repair, in
virtue of an extended use in difficult or complex MV
anatomical features and with a theoretical more predictable
result in terms of MR reduction. Nevertheless, different
challenges have been influencing the development and growth
of TMVR, especially if compared with transcatheter aortic
Valve replacement.'? '*

All the features and technical challenges of TMVR versus
transcatheter aortic Valve replacement are presented as
follows, and as listed in Table 1.

Demographic Variables

Demographic differences for the age can be encountered
between patients with degenerative aortic and MV disease in
surgical case series. The age of patients becomes even more
important considering that the life expectancy of the treated
patients can exceed the long-term durability of the valve itself.
It has been estimated that a surgical bioprosthesis is prone to
degenerate within 20 years.'® This observation is really more
demanding for patients who undergo surgical MV replacement
who are on average 10 years younger than patients who
undergo aortic valve replacement.'® Indeed, it is well estab-
lished that bioprosthetic valves have a higher tendency of
structural degeneration in younger patients because of
greater hemodynamic stress on the valve, differences in
calcium metabolism, prosthesis-patient mismatch, or immune
response.'” As such, a structural bioprosthesis deterioration
is more frequent in mitral than aortic valves, as the MV is
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Table 1. Challenges Between TMVR vs TAVR

Variable TMVR

TAVR

Demographic differences Younger patients

Older patients

Pathophysiological aspects

» Often associated with TR and/or AF

» Nonrheumatic DMR or ischemic FMR

» Degenerative calcified AS
+ Often isolated

Gold standard treatment

 Surgical mitral valve repair preferred to replacement « SAVR for aortic regurgitation and for bicuspid anatomy
 Percutaneous repair in high-risk patients

« TAVR in high- or intermediate-risk patients

Durability of bioprosthetic valve | Poor in mitral position

Satisfactory in aortic position

Access site

Mostly transapical or transfemoral with transseptal puncture

Mostly transfemoral

Inherent technical risks «  LVOT obstruction

- Foreshortening in left atrium
» Anchoring
» PVLs

 Coronary obstruction during/after ViV procedure
» PVLs

Clinical studies

» Anecdotal case series

« Early stage of safety and feasibility trials

+ Safety and feasibility trials
» 5-y results available

+ Assessed in high, intermediate, and low surgical
risk patients

AF indicates atrial fibrillation; AS, aortic stenosis; DMR, degenerative mitral regurgitation; FMR, functional mitral regurgitation; LVOT, left ventricle outflow tract; PVL, paravalvular leak;
SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement; TMVR, transcatheter mitral valve replacement; TR, tricuspid regurgitation; ViV, valve in valve.

exposed to higher mechanical stress caused by the systolic
pressure gradient, with a consequent impact on durability of
mitral bioprosthesis, if compared with aortic ones. Transposing
these epidemiological surgical observations to percutaneous
treatment allows a better understanding as to how life
expectancy is still a critical issue in TMVR development and
diffusion rather than in transcatheter aortic Valve replacement.

Percutaneous Access Site

transcatheter aortic Valve replacement is generally easily
performed within a transfemoral access, after an accurate
computed tomographic scan or angiographic evaluation. In the
event that iliofemoral access is not available, also transsub-
clavian, transcarotid, transaxillary, transaortic, or transapical
access can be used. Newer transcatheter aortic Valve
replacement devices include smaller delivery sheaths if com-
pared with the first generation and allow the possibility to
reposition or recapture the device when in a suboptimal
position. For TMVR, in light of the larger dimensions of the
valves and delivery system currently used, transfemoral access
with transseptal puncture is often demanding, in favor of a
more invasive transapical or transatrial one. Indeed, transseptal
access inevitably limits the maneuvers in the left atrium and
valve positioning, increasing the difficulty of a high-profile
prosthesis to reach an angled mitral annular plane. Conse-
quently, this situation often requires highly curved or steerable
guide catheters, with limited possibility to transmit torque to

the system. On the contrary, if the transapical access provides
an easier way to deploy a mitral device, this technique is
impaired by a higher degree of myocardial damage, especially
in elderly/frail patients, as the transcatheter aortic Valve
replacement experience clearly showed.'® "

Anatomical and Pathophysiological Reasons

AS often occurs as an isolated cardiac condition in patients
with preserved left ventricle (LV) ejection fraction or in
patients with impaired LV contractility, which may recover
once the outflow obstruction is removed. transcatheter aortic
Valve replacement allows the deployment of an aortic device
in a tubular, rigid, calcified annular structure, providing a
stability similar to the surgical intervention.?°

On the other hand, the MV is a functional apparatus rather
than a “valve,”?" and 2 completely different causes (primary
or secondary) can be identified with various degrees of
coexistence, particularly in elderly people. Alterations of both
the valve and the subvalvular structures should be assessed
to define the underlying mechanism of the pathological
condition (annular dilation, leaflet alterations, chordal rupture,
tissue calcifications, and so on) and consequently to decide
the most appropriate approach for repair or replacement.
Given the variability of anchoring and delivery of available
prostheses, a detailed assessment of the MV anatomical
features will be required for TMVR.

The characteristics of the annulus, in terms of shape,
sizing, and calcification, and the dimensions of the LV, which

DOI: 10.1161/JAHA.119.013352

Journal of the American Heart Association 2

MHAIATY AMVHOdINHLNOD



TMVR vs TAVR Testa et al

are critical to avoid any impairment of the outflow, should be
carefully taken into account.??

The mitral annulus is larger than the aortic one and requires
larger prostheses and, thus, larger delivery systems. At the
same time, it provides less support than the aortic annulus, as a
result of not being a complete fibrous ring and the lack of
calcification.?® It is well-known that annular and aortic root
calcification load is important in the setting of transcatheter
aortic Valve replacement, as it offers an increased grip and
better seating of the prosthesis, although it may increase the
risk of paravalvular leaks (PVLs) after the implant. Mitral annular
calcifications are less common, and their presence may
obviously condition the implant of a transcatheter mitral
prosthesis too. For this purpose, the role of TMVR in presence
of considerable annular calcification is less clear, as shown in
the MAC (mitral annular calcification) Global Registry, which
studied 116 patients who underwent TMVR with balloon-
expandable aortic prosthesis, in presence of severe mitral
annular calcification. This study showed the TMVR in this
condition is feasible, but associated with high early and midterm
mortality at 1 year, although patients who survived at 1-year
follow-up present sustained improvement of symptoms.?*

The mitral annulus can be defined as a junction of left atrium,
LV, and mitral leaflets and represents a dynamic structure that
can afford some degree of distortion itself as well as that of the
surrounding structures; however, when a transcatheter valve is
implanted, there is always a risk of migration of the prosthesis
because of the phasic systolic contraction.

The D-shape configuration of the mitral annulus represents
another major issue, as this asymmetrical conformation does
not consent to achieve uniformly radial force, increasing the
risk of PVLs or prosthesis migration. On the other hand, the
rigid, often symmetrical, elliptical shape of the aortic valve
permits a more correct device sizing and consequent sealing
in transcatheter aortic Valve replacement. Likewise, the
acquired experience and the success of transcatheter aortic
Valve replacement have led, over time, to an expanded use of
this procedure also in challenging anatomical features, such
as bicuspid aortic valves, or different mechanisms of disease,
such as aortic regurgitation.”®

Differently from AS, MR is often coexistent with other
valvular disease, such as tricuspid regurgitation, severe
pulmonary hypertension, and atrial fibrillation, with significant
and independent morbidity and mortality rates.?®?” Indeed, in
patients undergoing MV surgery, a concomitant tricuspid
repair is often performed to prevent the recurrence of heart
failure symptoms.?® Moreover, atrial fibrillation in these
patients tends to be chronic or recurrent because of atrial
enlargement, with a low likelihood that sinus rhythm will be
reestablished after surgery. In this case, adjunctive antiar-
rhythmia surgery as well as left atrial appendage excision can
be performed.

The presence of tricuspid regurgitation and/or atrial
fibrillation represents another important issue in the setting
of TMVR; indeed, any tricuspid regurgitation is an exclusion
criterion for clinical trials studying TMVR, and the results in
this setting are therefore not well-known.

Device-Related and Technical Features

Both the surgical and percutaneous replacement of MV
affects the overall performance of the LV, as a consequence
of the impairment of the subvalvular structures.?’ In the
earliest experience, percutaneous heart valves originally
designed for the aortic valve, such as the Edwards SAPIEN
XT, were generally adapted for TMVR.*® As we learned from
transcatheter aortic Valve replacement, calcifications are
important to ensure adequate valve anchoring and deploy-
ment of an aortic prosthesis,®’ especially in the mitral
position. As such, this technique is limited as severely
calcified leaflets are uncommon in the MV.

Differences between surgical aortic and MV replacement
are also maintained in the setting of valve-in-valve (ViV)
procedures. ViV procedures comprise a second valve implanted
within the first degenerated valve.?#33 In case of aortic ViV, one
of the main issues is the possible risk of coronary occlusion,
whereas for mitral ViV, one of the main issues is the
encumbrance caused by the second valve that may interfere
with the LV outflow tract (LVOT).3* The foreshortening of the
valve in the left atrium may be unpredictable as well. However,
the risk of LVOT obstruction remains the most important
challenge in TMVR, independently from ViV and especially
when nondedicated devices are used. The current reported
incidence of LVOT obstruction in TMVR is on average ~9.3%."
Potential predictors of LVOT obstruction are the angle of the
MV in relation to the LVOT long axis, especially if they are
perpendicular or in the presence of small LV cavity, bulging or
severe hypertrophy of the basal interventricular septum, long
anterior MV leaflets, and dynamic alterations as the pushing of
the native anterior leaflet toward the LVOT. Also, prosthesis
protrusion and device flaring could be potential risk factors for
LVOT occlusion. This device protrusion leads to the creation of
a “neo-LVOT,” included among the device, the native anterior
mitral leaflet, and the interventricular septum. Understanding
individual valve geometry is detrimental to predict a potential
feared and fatal condition, such as LVOT obstruction. To avoid
this, a computed tomographic scan can predict the new LVOT
geometry after a virtual implant, by embedding a cylindrical
contour into the computed tomographic data set or the actual
valve. Other techniques, such as TMVR septal ablation or
laceration of the anterior mitral leaflet, can be used to avoid
LVOT obstruction.>* %

PVL represents another important issue to focus on. In
the transcatheter aortic Valve replacement experience, the
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occurrence of PVL has been reduced with the new-generation
prostheses that have skirts in the inflow portion of the frame
and are usually recapturable and/or repositionable.** On the
contrary, TMVR can be associated with a higher incidence of
PVL because of reduced anatomical support, the asymmet-
rical shape of the annulus, or asymmetric leaflets. Balloon
postdilation of mitral prostheses could be more difficult,
considering the proximity to the circumflex artery, the aortic
valve, and the conduction system. Future improvement of the
design of TMVR should surely address this fundamental point.

Finally, MV repair is generally the treatment of choice. Over
60% of patients who are candidates for MV surgery undergo
valve repair rather than replacement.”’ MV repair is associ-
ated with lower mortality and morbidity than replacement,
although replacement could offer some advantages by giving
a more complete and reproducible reduction in MR. Current
guidelines widely emphasize that surgical repair, especially
annuloplasty, is the preferred approach over replacement in
primary MR.? This result is mostly driven by the possibility of
conserving the subvalvular apparatus, particularly chordal
structures, with the purpose of preserving LV function. On the
other hand, while considering secondary MR, the most
appropriate approach of treatment still remains controversial
as the underlying LV dysfunction and the progressive annular
dilation can impact outcome, durability, and long-term results.
As such, high-risk patients with functional secondary MR may
become the most likely recipients in which TMVR, if damage
to subvalvular structures is avoided, could prove beneficial
and successful.

TAVR Clinical Study

The treatment of AS in high- or intermediate-risk patients with
transcatheter aortic Valve replacement is nowadays a
consolidated therapy. Although initial experience of trans-
catheter aortic Valve replacement was conditioned by a
limited number of early-generation prostheses, the wide-
spread diffusion of this procedure has led over time to a
growing interest to improve existing devices or develop newer
ones, resulting in a wide selection being currently available
(Figure 1). Comparisons among different transcatheter aortic
Valve replacement devices are still limited, and the choice of a
specific prosthesis depends on various reasons, such as
annulus dimension, distribution of calcium, coronary ostium
height, peripheral vasculature, and single operator prefer-
ences or center expertise.

The current lines of evidence for transcatheter aortic Valve
replacement are supported by various clinical trials that
evaluated the safety, the efficacy, and the satisfactory
hemodynamic results of this procedure.?*%*3

The results of these studies, which confirmed the nonin-
feriority of transcatheter aortic Valve replacement against

conventional surgical therapy, are valid for both balloon-
expandable and self-expanding valves. Over time, these
randomized clinical trials have also been accompanied by
experiences coming from different multicenter or single-
center registries that have enriched the wealth of information
that we have today on this procedure. The adequate
hemodynamic profile of transcatheter aortic Valve replace-
ment at 5-year follow-up has been recently reported by the
PARTNER-1 (Placement of Aortic Transcatheter Valves) trial,
which confirmed that the occurrence of structural valve
deterioration in transcatheter aortic Valve replacement was
low.** In a subanalysis, the PARTNER-1A trial showed similar
valve performance between transcatheter aortic Valve
replacement and surgical replacement, although the incidence
of PVLs was superior in the transcatheter aortic Valve
replacement group.45 Attention to durability of transcatheter
aortic Valve replacement is also confirmed by the FRANCE-
2study that reported a low incidence of severe deterioration
(2.5%) in transcatheter aortic Valve replacement at 5-year
follow-up.*® The growing success of transcatheter aortic Valve
replacement has led to an expansion of the indication for the
procedure to patients at low surgical risk. Two recent clinical
trials, such as the PARTNER 3 (NCT02675114) and EVOLUT
(NCT02701283) trials, confirmed that transcatheter aortic
Valve replacement with the latest-generation balloon-expand-
able SAPIEN 3 and the self-expanding Corevalve, Evolut R, or
Evolut PRO are superior or at least as good, respectively, as
surgical replacement in low-risk patients.*”**® Given these
data, it looks reasonable to expect an extended use of
transcatheter aortic Valve replacement in low-risk patients,
with an equal indication for transcatheter aortic Valve
replacement and surgery in guidelines. Considering that
surgical bioprosthetic valves present a tendency to deterio-
ration arising from 10 to 20 years, only the longest follow-up
on transcatheter aortic Valve replacement series could
confirm the real durability of the latest generation of valves
used for transcatheter aortic Valve replacement and permit
the formulation of real comparisons about durability between
transcatheter aortic Valve replacement and surgery, particu-
larly in patients with a long life expectancy.

TMVR Devices Under Clinical Study

Different transcatheter devices have been designed for the
treatment of MR (and, in some cases, for off-label treatment
of mitral stenosis).'” Differently from transcatheter aortic
Valve replacement, most of the TMVR technologies are still
under clinical investigation or in their early experience in
safety and feasibility trials (Table 2). Therefore, information
about their durability, structural deterioration, or comparison
with surgery is still far. The principal devices on study are
presented below (Figure 2).

DOI: 10.1161/JAHA.119.013352

Journal of the American Heart Association 4

MHAIATY AMVHOdIWHLNOD



TMVR vs TAVR Testa et al

' \ . 7'\\ . A \
\ ( (K'VK ) ’J/ | “‘ ‘/' r \, \ \v ; : \‘;/' y
\ AR [ {/ L)
\ (X Iy VM .
{ ",’I.} ) W/ ‘\;:'V.‘ X W
X AN
A v
C D E F

Balloon-Expandable 1\

‘ Self-Expanding |

B

Figure 1. Current transcatheter aortic valve replacement devices. A, Edwards SAPIEN XT (Edwards Lifesciences Inc). B, Edwards SAPIEN 3
(Edwards Lifesciences Inc). C, CoreValve Evolut R (Medtronic Inc). D, CoreValve Evolut PRO (Medtronic Inc). E, Acurate NEO (Boston,
Marlborough). F, Acurate TA (Boston, Marlborough). G, Portico (Abbott). H, Biovalve (Biotronik). I, Centera (Edwards Lifesciences Inc). J, Direct
Flow (Direct Flow Medical Inc), not commercially available. K, Lotus (Boston), not commercially available. There was recent US Food and Drug

Administration approval for the new Lotus Edge.

The CardiAQ (Edwards Lifesciences Inc) valve is a nitinol self-
expanding trileaflet valve, composed of bovine pericardial
tissue, which was the first dedicated device for TMVRin 2012 in
high-risk patients with severe MR. The second generation of the
device was used for the first time in 2014. It is the only device
that offers both a transapical and transfemoral-transseptal
approach. The previous generation of CardiAQ valve was then
completely abandoned, and the new redesigned version was
renamed the EVOQUE valve. The EVOQUE valve offered an
innovated system with 2 valve sizes and lower profile, to
guarantee a transfemoral approach with enhanced maneuver-
ability and depth control, and lower ventricular projection, to
avoid LVOT obstruction. The first 2 trials in 2015 were rapidly
withdrawn for commercial reasons. Currently, the Edwards
EVOQUE TMVR Early Feasibility Study (NCT02718001) is

recruiting: it will assess feasibility at 30 days. Recently, the
RELIEF (Reduction or Elimination of Mitral Regurgitation in
Degenerative or Functional Mitral Regurgitation With the
CardiAQ-Edwards™ Transcatheter Mitral Valve)=CardiAQ-
Edwards TMVR Study (NCT02722551) was stopped by the
Edwards Company for further design validation. This stop could
delay the Conformité Européene (CE) marker in Europe approval
that was initially expected for 2018. From the first results
presented, 13 patients have been treated under compassionate
use, with a technical success (defined as successful valve
delivery, valve deployment, and delivery system retrieval) of 92%
and a high rate (45%) of mortality at 30 days.*%">°

The Tiara (Neovasc Inc, Canada) valve is a self-expanding
trileaflet bioprosthesis of bovine pericardial tissue leaflets,
mounted inside a nitinol alloy frame. This valve fits the
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Table 2. TMVR Device Characteristics, Primary Outcomes, and Studies

EVOQUE valve: new redesigned version
of the valve

Device Name Description Primary Outcomes Status

CardiAQ-EVOQUE |, jitino self-expanding trileaflet valve, Compassionate use ("0:13) + Early Feasibility Study of the CardiAQ TMVI
f_l-;fdwgrds composed of bovine pericardial tissue TMecrr;nlllcaI ?uggejsags/" System (Transfemoral and Transapical DS)
Ir:;smences « Transapical/transseptal ortallty a PR (NCT02515539M); withdrawn

A Clinical Study of the CardiAQ TMVI System
(Transapical DS) (NCT02478008); early termination
RELIEF (CardiAQ-Edwards TMVR Study)
(NCT02722551); withdrawn

Edwards EVOQUE TMVR Early Feasibility Study
(NCT02718001); still recruiting

Tiara (Neovasc

Nitinol self-expanding trileaflet valve of

Initial results (n=30)

TIARA-I (Early Feasibility Study of the Neovasc

Transapical

Inc, Canada) bovine pericardial tissue Technical success, 9?% Tiara: Mitral Valve System) (NCT02276547);
« Transapical Mortality at 30 d, 10% still recruiting
« TIARA-Il (Tiara Transcatheter Mitral Valve
Replacement Study) (NCT03039855); still
recruiting
FORTIS (Edwards « Nitinol self-expanding trileaflet valve of Compassionate use (":103) « High rate of valve thrombosis; the company
Lifesciences bovine pericardial tissue Technical success, 76.9% put the studies on hold
Inc) Mortality at 30 d, 38.5%

Tendyne (Abbott
Inc)

Self-expanding trileaflet valve of porcine
pericardial tissue, mounted on nitinol
double-frame stent

Transapical

Initial results (n=100)
Technical success, 96%
Mortality at 30 d, 6%

Expanded Clinical Study of the Tendyne Mitral
Valve System—~Global Feasibility Study
(NCT02321514); still recruiting

« SUMMIT (Clinical Trial to Evaluate the Safety
and Effectiveness of Using the Tendyne

Mitral Valve System for the Treatment of
Symptomatic Mitral Regurgitation)
(NCT03433274); still recruiting

Feasibility Study of the Tendyne Mitral Valve
System for Use in Subjects With Mitral Annular
Calcification (NCT03539458); still recruiting

Intrepid
(Medtronic Inc)

Nitinol self-expanding trileaflet valve of
bovine pericardial tissue

Transapical (transseptal approach under
development)

Initial results (n=50)
Technical success, 96%
Mortality at 30 d, 14%

+ APOLLO (Transcatheter Mitral Valve
Replacement With the Medtronic Intrepid
TMVR System in Patients With Severe
Symptomatic Mitral Regurgitation)
(NCT03242642); still recruiting

Caisson
(LivaNova, UK)

Nitinol self-expanding trileaflet valve of
porcine pericardial tissue, with a D-
shaped anchor

Transseptal

Still not known

+ PRELUDE (Caisson TMVR System Early
Feasibility Study) (NCT02768402); active, not
recruiting

INTERLUDE (Caisson TMVR) (NCT03661398);
active, not recruiting

HighLife - Two separate components: nitinol alloy- | Anecdotal cases « Anecdotal cases
::H'ghl"fe SAS, based self-expanding frame with a - HighLife Transcatheter Mitral Valve
rance) trileaflet valve of bovine pericardium Replacement System Study (NCT02974881):
tissue and a subannular implant still recruiting
« Transapical/transatrial (transseptal
approach under development)
SAPIEN M3 - Nitinol docking system and a modified | Initial results (=15) - Early feasibility study (NCT03230747); recruit-
(I-;dwa.rds SAPIEN 3 valve Techm.cal success, 86.7% ment not known
Lifesciences Mortality at 30 d, 0%
| « Transseptal
nc)
Continued
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Table 2. Continued

» Transseptal

Device Name Description Primary Outcomes Status

Cardiovalve = Dual nitinol frame with a trileaflet boving | "itial results (1=9) « AHEAD (European Feasibility Study of the Car-
(Cardiovalve, pericardium valve Technical success, 100% diovalve Transfemoral Mitral Valve System)
Israel) Mortality at 30 d, 60%

(NCT03339115); still recruiting

Feasibility Study of Patients With Severe MR
Treated With the Cardiovalve TMVR System
(NCT03714412); withdrawn (amended and
merged with AHEAD-EU [European Union]
study)

 AHEAD (Cardiovalve Transfemoral Mitral Valve
System) (NCT03813524); still recruiting

Cardiovalve Transfemoral System—FIM Study
(NCT03958773); still recruiting

Cephea (Cephea

« Self-expanding double-disk and trileaflet
Valve

bovine pericardium tissue
- Transseptal/transatrial

Preclinical models
First-in-human cases recently
Technologies) started

 Cephea Transseptal Mitral Valve System FIH
(NCT03988946); still recruiting

Altavalve (4C « Self-expanding supra-annular device,

Preclinical models

No trials ongoing; feasibility study planned

Structures Inc) * Transapical

Medical with a bovine tissue valve mounted into Anefdotal first-in-human case
;Fechnologles a spherical nitinol frame (n=1)
nc
) « Transapical
NaviGate « Nitinol self-expandable system with First-in-human case (n=1) « No trials ongoing; use in tricuspid regurgitation
g\la\éllGate several annular winglets rather than mitral disease
ardiac

Mvalve (MValve

« Docking system combined with Lotus
Ltd, Israel)

heart valve
 Transapical

First-in-human case (n=1)

« DOCK 1 (Mitral Valve Replacement With MValve
Dock and Lotus) (NCT02719912); not yet
recruiting, status unknown

DE indicates device; FIH: first in human; FIM: first in man; TMVI: transcatheter mitral valve implantation; TMVR, transcatheter mitral valve replacement.

asymmetric D-shaped mitral annulus and has a large atrial
skirt aimed at preventing PVLs. The first implant was
performed in Vancouver in 2014. The TIARA-I (Early Feasibility
Study of the Neovasc Tiara Mitral Valve System)
(NCT02276547) is still enrolling patients, as well as the
latest TIARA-II (Tiara Transcatheter Mitral Valve Replacement
Study). Preliminary results in 71 patients, mostly in functional
MR (61%), showed 94% technical success, with a mortality
rate of 11.3% at 30 days.’"*?

The FORTIS (Edwards Lifesciences Inc) valve is a self-
expanding bioprosthesis of bovine pericardial tissue. The first
implant was performed in 2014, and results on 13 patients
showed procedural success in 76.9%.°% In the early experi-
ence, valve thrombosis was often documented. For this
reason, the company put the studies on hold.

The Tendyne MV system (Abbott Inc) is a self-expanding
trileaflet porcine pericardial valve, mounted on a nitinol
double-frame stent, implanted within transapical access; and
it can be completely retrieved or repositioned. An atrial cuff
has been designed to guarantee optimal sealing of the

prosthesis and reduction of PVLs. The outer stent presents a
D-shaped configuration, to properly seat the valve in the
annulus. The first implant was performed in 2014. The
Tendyne experience concerns an international feasibility trial
(n=30) and an expanded CE Mark study (still ongoing:
Feasibility Study of the Tendyne Mitral Valve System for
Use in Subjects With Mitral Annular Calcification;
NCT03539458). Results of the first 100 treated patients
were recently published.®* The technical success was 97%,
with no periprocedural mortality and a rate of death of 6% at
30-day outcome. Most patients (98.8%) presented trivial-trace
or mild residual MR at 30 days. Nonetheless, the slow
enrollment in this trial contributed to a delay in obtaining CE
Mark, which is expected in 2019. Further information about
the Tendyne experience will be also derived from the SUMMIT
(Clinical Trial to Evaluate the Safety and Effectiveness of Using
the Tendyne Mitral Valve System for the Treatment of
Symptomatic Mitral Regurgitation; NCT03433274), an ongo-
ing randomized trial that proposes to randomize the Tendyne
valve versus conventional MV surgery in 1010 participants at
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Transapical or Transfemoral

Figure 2. Current transcatheter mitral valve replacement devices. A, CardiAQ/EVOQUE (Edwards Lifesciences Inc). B, Tiara (Neovasc Inc,
Canada). C, FORTIS (Edwards Lifesciences Inc). D, Tendyne (Abbott Inc). E, Intrepid (Medtronic Inc). F, Caisson (LivaNova, UK). G, HighLife
Bioprosthesis and Subannular Implant (HighLife SAS, France). H, SAPIEN M3 (Edwards Lifesciences Inc). I, Cardiovalve (Cardiovalve, Israel). J,

NaviGate (NaviGate Cardiac Structures, Inc, CA).

different centers and that is expected to be completed in
2026.

The Intrepid (Medtronic Inc) valve is a trileaflet bovine
pericardial valve, sewn onto a self-expanding nitinol frame.
The inflow atrial part is large and responsible for sealing,
avoiding obstruction of LVOT. The valve does not rely on radial
forces and presents a fixation ring to accommodate the native
annulus. The device is implanted via transapical access,
whereas a transseptal approach is being developed. The first
implant was performed in 2014.°° An initial pilot study
enrolled 50 high-risk patients with MR and reported a
successful device deployment in 96%; 30-day mortality rate
was 14%. Trivial-trace or mild residual MR was achieved at 30
days in all of the recruited patients.>® The multicenter, global,
randomized APOLLO (Transcatheter Mitral Valve Replacement
With the Medtronic Intrepid TMVR System in Patients With
Severe Symptomatic Mitral Regurgitation; NCT03242642)
trial is still recruiting. In this trial, patients are randomized
in a 1:1 proportion to receive the Intrepid valve or conven-
tional mitral surgery. The patients will be evaluated at 30
days, 6 months, and annually, up to 5 years follow-up, with
estimated study completion date in 2025.

The Caisson (LivaNova, UK) system is a device made by a
trileaflet porcine pericardial valve, mounted in a self-expanding
nitinol frame, and a D-shaped anchor.' Currently, the experi-
ence with this valve is limited to a few case reports. The initial
feasibility study, as the PRELUDE (Percutaneous Mitral Valve

Replacement Evaluation Utilizing IDE Early Feasibility Study)
(Caisson Transcatheter Mitral Valve Replacement System Early
Feasibility Study; NCT02768402), was completed in August
2018, although LivaNova has not released data from it, but
touted “positive patient outcomes.” Further and complete
information should be derived from the following feasibility
study, as the INTERLUDE (Caisson Transcatheter Mitral Valve
Replacement; NCT03661398), for which, however, results are
still active but which is not recruiting.

The HighLife (HighLife SAS, France) valve is a 2-component
system. The valve is implanted in the mitral position and is
anchored by a transarterial retrograde positioned subannular
implant. Anecdotal initial cases are reported showing accept-
able results of the valve.”” A feasibility trial (NCT02974881) is
still ongoing.

The SAPIEN M3 (Edwards Lifesciences Inc) valve is a newer
transseptal system composed by a nitinol docking system and
a modified SAPIEN 3 valve. The design features include a
knitted polyethylene terephthalate (PET) skirt that facilitates
sealing between the native MV and the dock. The dock
facilitates the anchoring of the 29-mm SAPIEN M3 valve. This
valve has been investigated in an early feasibility study for
severe MR. From the initial results in 15 patients, technical
success was achieved in 86.7%, with a reduction of MR of
93.3% and no mortality at 30 days.®®

The Cardiovalve (Cardiovalve, Israel) system is a bovine
pericardium valve, mounted in a dual nitinol frame with a
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proven surgical design adapted for TMVR. This newer system
offers a robust radial strength and contains 24 grasping legs
designed for an atraumatic anchoring of the device in the
mitral annulus. It is characterized by a low ventricular profile,
reducing the risk of LV interference, without atrial protruding,
and 3 different sizes to fit different anatomical features. Its
low profile allows an antegrade transseptal delivery, and the
system provides a multisteerable catheter for coaxial implan-
tation. The AHEAD (European Feasibility Study of the Cardio-
valve Transfemoral Mitral Valve System; NCT03339115) will
evaluate the safety and the device performance in reducing
MR of the Cardiovalve system. A total of 30 patients will be
enrolled in this feasibility study, and the first 5 cases
performed showed 100% of technical success with reduction
of MR and absent or at least trivial residual PVLs.>’

An emerging newer device prone to be studied in humans
is the Cephea system.

The Cephea (Cephea Valve Technologies) system is a
frame structure valve designed for TMVR with multilevel
conformability, with low device profile to permit an antegrade
transseptal delivery of the device. The device is both
repositionable and recapturable. The frame structure allows
reducing the risk of LVOT obstruction and anchoring
independently from subvalvular apparatus. The valve was
tested in preclinical models that supported the performance
of the device at 90 days’ follow-up, and first-in-human studies
are awaited to confirm these positive preclinical results.®®

Another attractive system, the AltaValve (4C Medical
Technologies Inc), was recently presented. This system
presents a different concept in contrast with the other TMVR
devices. Indeed, it is composed by a self-expanding supra-
annular device, with a bovine tissue valve mounted into a
spherical nitinol frame, inserted into the left atrium (with a
transseptal or transapical delivery system), thus completely
preserving the LV. Preclinical studies in animals were
completed, and a first-in-human case was performed in
Canada in 2018, with satisfactory results.’’

It is also possible to find in the literature other interesting
systems that were then abandoned or readapted for other
uses. Among them, we can cite the NaviGate system and the
MValve System.

The NaviGate (NaviGate Cardiac Structures Inc) valve is a
self-expandable system composed of a nitinol stent frame,
with several annular winglets that anchor the valve in the
mitral annulus. The valve can only be delivered via transapical
access. The first-in-human implant was performed in 2015 in
Chile in a 53-year-old man with severe MR. No further results
in humans have been reported yet, and only preclinical model
results have been shown.®? After an initial interest of this
valve in mitral position, the mitral implants were then
abandoned in favor of the percutaneous treatment of tricuspid
regurgitation with the transatrial or transjugular approach.®®

The MValve (MValve Ltd, Israel) system is a docking
system designed to anchor other percutaneous valves. The
system can be delivered via transapical route. First-in-human
implantation was performed in 2015." A feasibility and safety
study (DOCK 1; NCT02719912) of the MValve in conjunction
with Lotus transcatheter heart valve (Boston Scientific, MA)
was supposed to start in 2016, although the trial never
started and the device has been abandoned.

In a small percentage of cases, TMVR was also used for the
treatment of high-risk patients with mitral stenosis with severe
annulus calcifications. Most of these patients have been
treated with balloon expandable valves or newer aortic valves,
such as the Direct Flow (Direct Flow Medical) and LOTUS valve
(Boston Scientific).®*®® The use of aortic Edwards SAPIEN XT
and SAPIEN 3 (Edwards Lifesciences Inc) for TMVR in calcified
mitral stenosis is currently under study by the MITRAL (Mitral
Implantation of Transcatheter Valves) trial (NCT02370511),
although the trial is still active but not recruiting.

Other technologies are in developing or preclinical studies.
Among these, we can cite the AccuFit system (Sino Medical
Science Technology, China), Saturn technology (HT Consultant,
Switzerland), and MitrAssist Valve (MitrAssist Ltd, Israel).”"’

Conclusions

Several demographic, anatomical, and technical reasons
contributed to the slow development of TMVR compared with
transcatheter aortic Valve replacement. The latter has been
already confirmed safe and effective, whereas TMVR is still far
from being part of the daily routine. However, although MV
repair is often the preferred treatment, especially for MR, a
replacement therapy will be the future when repair is not
feasible or can lead to unsatisfactory results.

Disclosures

None.

References

1. Regueiro A, Granada JF, Dagenais F, Rodés-Cabau J. Transcatheter mitral valve
replacement: insights from early clinical experience and future challenges. /
Am Coll Cardiol. 2017;69:2175-2192.

2. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, Tuzcu EM,
Webb ]G, Fontana GP, Makkar RR, Brown DL, Block PC, Guyton RA, Pichard
AD, Bavaria JE, Herrmann HC, Douglas PS, Petersen JL, Akin JJ, Anderson WN,
Wang D, Pocock S; PARTNER Trial Investigators. Transcatheter aortic-valve
implantation for aortic stenosis in patients who cannot undergo surgery. N
Engl ] Med. 2010;363:1597—-1607.

3. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, lung B, Lancellotti
P, Lansac E, Munoz DR, Rosenhek R, Sjogren J, Mas PT, Vahanian A, Walther T,
Wendler O, Windecker S, Zamorano JL. 2017 ESC/EACTS guidelines for the
management of valvular heart disease. Eur Heart J. 2017;38:2739-2786.

4. Nkomo VT, Gardin JM, Skelton TN, Gottdiener ]S, Scott CG, Enriquez-Sarano M.
Burden of valvular heart diseases: a population-based study. Lancet.
2006;368:1005—-1011.

DOI: 10.1161/JAHA.119.013352

Journal of the American Heart Association 9

MHAIATY AMVHOdIWHLNOD



TMVR vs TAVR

20.

21.

22.

23.

24,

Testa et al

. Coffey S, Cairns BJ, lung B. The modern epidemiology of heart valve disease.

Heart. 2016;102:75-85.

. Mirabel M, lung B, Baron G, Messika-Zeitoun D, Détaint D, Vanoverschelde JL,

Butchart EG, Ravaud P, Vahanian A. What are the characteristics of patients
with severe, symptomatic, mitral regurgitation who are denied surgery? Eur
Heart J. 2007;28:1358—-1365.

. Feldman T, Young A. Percutaneous approaches to valve repair for mitral

regurgitation. / Am Coll Cardiol. 2014;63:2057—2068.

. Goel SS, Bajaj N, Aggarwal B, Gupta S, Poddar KL, Ige M, Bdair H, Anabtawi A,

Rahim S, Whitlow PL, Tuzcu EM, Griffin BP, Stewart W), Gillinov M, Blackstone
EH, Smedira NG, Oliveira GH, Barzilai B, Menon V, Kapadia SR. Prevalence and
outcomes of unoperated patients with severe symptomatic mitral regurgitation
and heart failure: comprehensive analysis to determine the potential role of
MitraClip for this unmet need. / Am Coll Cardiol. 2014;63:185—186.

. Del Trigo M, Rodés-Cabau J. Transcatheter structural heart interventions for

the treatment of chronic heart failure. Circ Cardiovasc Interv. 2015;8:
e001943.

. Maisano F, Alfieri O, Banai S, Buchbinder M, Colombo A, Falk V, Feldman T,

Franzen O, Herrmann H, Kar S, Kuck KH, Lutter G, Mack M, Nickenig G, Piazza
N, Reisman M, Ruiz CE, Schofer J, Sendergaard L, Stone GW, Taramasso M,
Thomas M, Vahanian A, Webb J, Windecker S, Leon MB. The future of
transcatheter mitral valve interventions: competitive or complementary role of
repair vs. replacement? Eur Heart J. 2015;36:1651-1659.

. Hendrix RJ, Bello RA, Flahive JM, Kakouros N, Aurigemma GP, Keaney JF,

Hoffman W, Vassileva CM. Mitral valve repair versus replacement in elderly
with degenerative disease: analysis of the STS adult cardiac surgery database.
Ann Thorac Surg. 2019;107:747—-753.

. von Ballmoos MCW, Kalra A, Reardon MJ. Complexities of transcatheter mitral

valve replacement (TMVR) and why it is not transcatheter aortic valve
replacement (transcatheter aortic Valve replacement). Ann Cardiothorac Surg.
2018;7:724-730.

. Rodés-Cabau J. Transcatheter mitral valve replacement: first steps on a long

road. / Am Coll Cardiol. 2018;71:22-24.

. Sarkar K, Reardon M, Little SH, Barker CM, Kleiman NS. Transcatheter mitral

valve replacement for native and failed bioprosthetic mitral valves. Methodist
DeBakey Cardiovasc J. 2017;13:142—-151.

. Rahimtoola SH. Choice of prosthetic heart valve in adults. / Am Coll Cardiol.

2010;55:2413-2426.

. Brown JM, O’Brien SM, Wu C, Sikora JA, Griffith BP, Gammie JS. Isolated

aortic valve replacement in North America comprising 108,687 patients in
10 years: changes in risks, valve types, and outcome in the Society of
Thoracic  Surgeons National Database. J Thorac Cardiovasc Surg.
2009;137:82-90.

. Mylotte D, Andalib A, Theriault-Lauzier P, Thériault-Lauzier P, Dorfmeister M,

Girgis M, Alharbi W, Chetrit M, Galatas C, Mamane S, Sebag I, Buithieu J,
Bilodeau L, de Varennes B, Lachapelle K, Lange R, Martucci G, Virmani R,
Piazza N. Transcatheter heart valve failure: a systematic review. Eur Heart J.
2015;36:1306—1327.

. Frohlich GM, Baxter PD, Malkin CJ, Scott DJ, Moat NE, Hildick-Smith D,

Cunningham D, MacCarthy PA, Trivedi U, de Belder MA, Ludman PF, Blackman
DJ; National Institute for Cardiovascular Outcomes Research. Comparative
survival after transapical, direct aortic, and subclavian transcatheter aortic
valve implantation (data from the UK TAVI registry). Am J Cardiol.
2015;116:1555-1559.

. Testa L, Latib A, Montone RA, Bedogni F. Transcatheter mitral valve

regurgitation treatment: state of the art and a glimpse to the future. / Thorac
Cardiovasc Surg. 2016;152:319-327.

Messika-Zeitoun D, Serfaty JM, Brochet E, Ducrocq G, Lepage L, Detaint D,
Hyafil F, Himbert D, Pasi N, Laissy JP, lung B, Vahanian A. Multimodal
assessment of the aortic annulus diameter: implications for transcatheter
aortic valve implantation. / Am Coll Cardiol. 2010;55:186—194.

David TE, Uden DE, Strauss HD. The importance of the mitral apparatus in left
ventricular function after correction of mitral regurgitation. Circulation.
1983;68:1176-1182.

Zamorano JL, Gonzalez-Goémez A, Lancellotti P. Mitral valve anatomy:
implications for transcatheter mitral valve interventions. Eurolntervention.
2014;10:U106-U111.

Naoum C, Leipsic J, Cheung A, Ye J, Bilbey N, Mak G, Berger A, Dvir D, Arepalli
C, Grewal J, Muller D, Murphy D, Hague C, Piazza N, Webb J, Blanke P. Mitral
annular dimensions and geometry in patients with functional mitral regurgi-
tation and mitral valve prolapse: implications for transcatheter mitral valve
implantation. JACC Cardiovasc Imaging. 2016;9:269—-280.

Guerrero M, Urena M, Himbert D, Wang DD, Eleid M, Kodali S, George I,
Chakravarty T, Mathur M, Holzhey D, Pershad A, Fang HK, O’Hair D, Jones N,
Mahadevan VS, Dumonteil N, Rodés-Cabau J, Piazza N, Ferrari E, Ciaburri D,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Nejjari M, Delago A, Sorajja P, Zahr F, Rajagopal V, Whisenant B, Shah PB,
Sinning JM, Witkowski A, Eltchaninoff H, Dvir D, Martin B, Attizzani GF, Gaia D,
Nunes NSV, Fassa AA, Kerendi F, Pavlides G, lyer V, Kaddissi G, Witzke C,
Waudel J, Mishkel G, Raybuck B, Wang C, Waksman R, Palacios I, Cribier A,
Webb J, Bapat V, Reisman M, Makkar R, Leon M, Rihal C, Vahanian A, O’Neill
W, Feldman T. 1-Year outcomes of transcatheter mitral valve replacement in
patients with severe mitral annular calcification. / Am Coll Cardiol.
2018;71:1841-1853.

Testa L, Latib A, Rossi ML, De Marco F, De Carlo M, Fiorina C, Oreglia J,
Petronio AS, Ettori F, De Servi S, Klugmann S, Ussia GP, Tamburino C, Panisi P,
Brambilla N, Colombo A, Presbitero P, Bedogni F. CoreValve implantation for
severe aortic regurgitation: a multicentre registry. Eurolntervention.
2014;10:739-745.

Koelling TM, Aaronson KD, Cody RJ, Bach DS, Armstrong WF. Prognostic
significance of mitral regurgitation and tricuspid regurgitation in patients with
left ventricular systolic dysfunction. Am Heart J. 2002;144:524-529.

Grigioni F, Avierinos JF, Ling LH, Scott CG, Bailey KR, Tajik AJ, Frye RL,
Enriquez-Sarano M. Atrial fibrillation complicating the course of degenerative
mitral regurgitation: determinants and long-term outcome. / Am Coll Cardiol.
2002;40:84-92.

Matsuyama K, Matsumoto M, Sugita T, Nishizawa J, Tokuda Y, Matsuo T.
Predictors of residual tricuspid regurgitation after mitral valve surgery. Ann
Thorac Surg. 2003;75:1826—1828.

Borger MA, Yau TM, Rao V, Scully HE, David TE. Reoperative mitral valve
replacement: importance of preservation of the subvalvular apparatus. Ann
Thorac Surg. 2002;74:1482-1487.

Cheung AW, Gurvitch R, Ye J, Wood D, Lichtenstein SV, Thompson C, Webb JG.
Transcatheter transapical mitral valve-in-valve implantations for a failed
bioprosthesis: a case series. / Thorac Cardiovasc Surg. 2011;141:711-715.

Leber AW, Kasel M, Ischinger T, Ebersberger UH, Antoni D, Schmidt M, Riess
G, Renz V, Huber A, Helmberger T, Hoffmann E. Aortic valve calcium score as a
predictor for outcome after TAVI using the CoreValve revalving system. Int /
Cardiol. 2013;166:652—657.

Dvir D, Webb J, Schafer U. TCT-797 transcatheter mitral valve-in-valve /valve-
in-ring implantations for degenerative post surgical valves: results from the
global valve-in-valve registry. / Am Coll Cardiol. 2012;60:B232.

Eleid MF, Cabalka AK, Williams MR, Whisenant BK, Alli 0O, Fam N, Pollak PM,
Barrow F, Malouf JF, Nishimura RA, Joyce LD, Dearani JA, Rihal CS.
Percutaneous transvenous transseptal transcatheter valve implantation in
failed bioprosthetic mitral valves, ring annuloplasty, and severe mitral annular
calcification. JACC Cardiovasc Interv. 2016;9:1161-1174.

Bapat V, Pirone F, Kapetanakis S, Rajani R, Niederer S. Factors influencing left
ventricular outflow tract obstruction following a mitral valve-in-valve or valve-
in-ring procedure, part 1. Catheter Cardiovasc Interv. 2015;86:747—760.

Blanke P, Naoum C, Dvir D, Bapat V, Ong K, Muller D, Cheung A, Ye J, Min JK,
Piazza N, Theriault-Lauzier P, Webb J, Leipsic J. Predicting LVOT obstruction in
transcatheter mitral valve implantation: concept of the neo-LVOT. JACC
Cardiovasc Imaging. 2017;10:482—-485.

Wang DD, Eng M, Greenbaum A, Myers E, Forbes M, Pantelic M, Song T,
Nelson C, Divine G, Taylor A, Wyman J, Guerrero M, Lederman RJ, Paone G,
O’Neill W. Predicting LVOT obstruction after TMVR. JACC Cardiovasc Imaging.
2016;9:1349-1352.

Babaliaros VC, Greenbaum AB, Khan JM, Rogers T, Eng MH, Paone G,
Leshnower BG, Reisman M, Satler L, Waksman R, Chen MY, Stine AM, Tian X,
Dvir D, Lederman RJ. Intentional percutaneous laceration of the anterior mitral
leaflet to prevent outflow obstruction during transcatheter mitral valve
replacement:  first-in-human  experience. JACC  Cardiovasc  Interv.
2017;10:798-809.

Wang DD, Eng MH, Greenbaum AB, Myers E, Forbes M, Karabon P, Pantelic M,
Song T, Nadig J, Guerrero M, O’Neill WW. Validating a prediction modeling tool
for left ventricular outflow tract (LVOT) obstruction after transcatheter mitral
valve replacement (TMVR). Catheter Cardiovasc Interv. 2018;92:379-387.

Kowalewski M, Gozdek M, Raffa GM, Stomka A, Zielinski K, Kubica J,
Anisimowicz L, Kowalewski J, Landes U, Kornowski R, Lorusso R, Suwalski P.
Transcatheter aortic valve implantation with the new repositionable self-
expandable Medtronic Evolut R vs. CoreValve system: evidence on the benefit
of a meta-analytical approach. J Cardiovasc Med. 2019;20:226-236.

Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, Tuzcu EM,
Webb ]G, Fontana GP, Makkar RR, Williams M, Dewey T, Kapadia S, Babaliaros
V, Thourani VH, Corso P, Pichard AD, Bavaria JE, Herrmann HC, Akin JJ,
Anderson WN, Wang D, Pocock SJ; PARTNER Trial Investigators. Transcatheter
versus surgical aortic-valve replacement in high-risk patients. N Engl / Med.
2011;364:2187-2198.

Popma JJ, Adams DH, Reardon MJ, Yakubov SJ, Kleiman NS, Heimansohn D,
Hermiller J Jr, Hughes GC, Harrison JK, Coselli J, Diez J, Kafi A, Schreiber T,

DOI: 10.1161/JAHA.119.013352

Journal of the American Heart Association 10

MHAIATY AMVHOdINHLNOD



TMVR vs TAVR

42.

43.

44.

45,

46.

47.

48.

49.

50.

Testa et al

Gleason TG, Conte J, Buchbinder M, Deeb GM, Carabello B, Serruys PW,
Chenoweth S, Oh JK; CoreValve United States Clinical Investigators.
Transcatheter aortic valve replacement using a self-expanding bioprosthesis
in patients with severe aortic stenosis at extreme risk for surgery. / Am Coll
Cardiol. 2014;63:1972—-1981.

Leon MB, Smith CR, Mack M), Makkar RR, Svensson LG, Kodali SK, Thourani
VH, Tuzcu EM, Miller DC, Herrmann HC, Doshi D, Cohen DJ, Pichard AD,
Kapadia S, Dewey T, Babaliaros V, Szeto WY, Williams MR, Kereiakes D,
Zajarias A, Greason KL, Whisenant BK, Hodson RW, Moses JW, Trento A,
Brown DL, Fearon WF, Pibarot P, Hahn RT, Jaber WA, Anderson WN, Alu MC,
Webb JG; PARTNER 2 Investigators. Transcatheter or surgical aortic-valve
replacement in intermediate-risk patients. N Engl / Med. 2016;374:1609—
1620.

Thourani VH, Kodali S, Makkar RR, Herrmann HC, Williams M, Babaliaros V,
Smalling R, Lim S, Malaisrie SC, Kapadia S, Szeto WY, Greason KL, Kereiakes
D, Ailawadi G, Whisenant BK, Devireddy C, Leipsic J, Hahn RT, Pibarot P,
Weissman NJ, Jaber WA, Cohen DJ, Suri R, Tuzcu EM, Svensson LG, Webb JG,
Moses JW, Mack MJ, Miller DC, Smith CR, Alu MC, Parvataneni R, D’Agostino
RB Jr, Leon MB. Transcatheter aortic valve replacement versus surgical valve
replacement in intermediate-risk patients: a propensity score analysis. Lancet.
2016;387:2218-2225.

Kapadia SR, Leon MB, Makkar RR, Tuzcu EM, Svensson LG, Kodali S, Webb JG,
Mack MJ, Douglas PS, Thourani VH, Babaliaros VC, Herrmann HC, Szeto WY,
Pichard AD, Williams MR, Fontana GP, Miller DC, Anderson WN, Akin JJ,
Davidson M), Smith CR; PARTNER trial investigators. 5-Year outcomes of
transcatheter aortic valve replacement compared with standard treatment for
patients with inoperable aortic stenosis (PARTNER 1): a randomised controlled
trial. Lancet. 2015;385:2485-2491.

Daubert MA, Weissman NJ, Hahn RT, Pibarot P, Parvataneni R, Mack MJ,
Svensson LG, Gopal D, Kapadia S, Siegel RJ, Kodali SK, Szeto WY, Makkar R,
Leon MB, Douglas PS. Long-term valve performance of transcatheter aortic
Valve replacement and SAVR. JACC Cardiovasc Imaging. 2017;10:15-25.

Didier R, Eltchaninoff H, Donzeau-Gouge P, Chevreul K, Fajadet J, Leprince P,
Leguerrier A, Lievre M, Prat A, Teiger E, Lefevre T, Tchetché D, Carrié D,
Himbert D, Albat B, Cribier A, Sudre A, Blanchard D, Rioufol G, Collet F, Houel
R, Dos Santos P, Meneveau N, Ghostine S, Manigold T, Guyon P, Cuisset T, Le
Breton H, Delepine S, Favereau X, Souteyrand G, Ohlmann P, Doisy V, Lognoné
T, Gommeaux A, Claudel JP, Bourlon F, Bertrand B, lung B, Gilard M. Five-year
clinical outcome and valve durability after transcatheter aortic valve replace-
ment in high-risk patients. Circulation. 2018;138:2597-2607.

Mack JM, Leon MB, Vinod H, Makkar R, Kodali SK, Russo M, Kapadia SR,
Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J, Hahn RT, Blanke P, Williams MR,
McCabe JM, Brown DL, Babaliaros V, Goldman S, Szeto WY, Genereux P,
Pershad A, Pocock SJ, Alu MC, Webb ]G, Smith CR; PARTNER 3 Investigators.
Transcatheter aortic-valve replacement with a balloon-expandable valve in low-
risk patients. N Engl / Med. 2019;380:1695—1705.

Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O’Hair D, Bajwa T, Heiser
JC, Merhi W, Kleiman NS, Askew J, Sorajja P, Rovin J, Chetcuti SJ, Adams DH,
Teirstein PS, Zorn GL Ill, Forrest JK, Tchétché D, Resar J, Walton A, Piazza N,
Ramlawi B, Robinson N, Petrossian G, Gleason TG, Oh JK, Boulware MJ, Qiao H,
Mugglin AS, Reardon MJ; Evolut Low Risk Trial Investigators. Transcatheter
aortic-valve replacement with a self-expanding valve in low-risk patients. N
Engl ] Med. 2019;380:1706—1715.

Sendergaard L, De Backer O, Franzen OW, Holme SJ, Ihlemann N, Vejlstrup
NG, Hansen PB, Quadri A. First-in-human case of transfemoral CardiAQ mitral
valve implantation. Circ Cardiovasc Interv. 2015;8:e002135.

Sondergaard L. CardiAQ-Edwards TMVR. Paper presented at: PCR London
Valves; September 2016; London, United Kingdom.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Cheung A, Stub D, Moss R, Boone RH, Leipsic J, Verheye S, Banai S, Webb J.
Transcatheter mitral valve implantation with Tiara bioprosthesis. Eurolnter-
vention. 2014;10:U115-U119.

Cheung A. The TIARA Program: Attributes, Challenges, and Early Clinical Data.
TVT 2019; June 2019; Chicago, IL

Regueiro A, Ye J, Fam N, Bapat VN, Dagenais F, Peterson MD, Windecker S,
Webb ]G, Rodés-Cabau J. 2-Year outcomes after transcatheter mitral valve
replacement. JACC Cardiovasc Interv. 2017;10:1671-1678.

Sorajja P, Moat N, Badhwar V, Walters D, Paone G, Bethea B, Bae R, Dahle G,
Mumtaz M, Grayburn P, Kapadia S, Babaliaros V, Guerrero M, Satler L,
Thourani V, Bedogni F, Rizik D, Denti P, Dumonteil N, Modine T, Sinhal A,
Chuang ML, Popma JJ, Blanke P, Leipsic J, Muller D. Initial feasibility study of a
new transcatheter mitral prosthesis: the first 100 patients. / Am Coll Cardiol.
2019;73:1250-1260.

Meredith I, Bapat V, Morriss J, McLean M, Prendergast B. Intrepid
transcatheter mitral valve replacement system: technical and product
description. Eurolntervention. 2016;12:Y78-Y80.

Bapat V, Rajagopal V, Meduri C, Farivar RS, Walton A, Duffy SJ, Gooley R,
Almeida A, Reardon MJ, Kleiman NS, Spargias K, Pattakos S, Ng MK, Wilson M,
Adams DH, Leon M, Mack M), Chenoweth S, Sorajja P. Intrepid global pilot
study investigators early experience with new transcatheter mitral valve
replacement. / Am Coll Cardiol. 2018;71:12-21.

Barbanti M, Piazza N, Mangiafico S, Buithieu J, Bleiziffer S, Ronsivalle G,
Scandura S, Giuffrida A, Popolo Rubbio A, Mazzamuto M, Sgroi C, Lange R,
Tamburino C. Transcatheter mitral valve implantation using the HighLife
system. JACC Cardiovasc Interv. 2017;10:1662—1670.

Makkar RR. Transcatheter Mitral Valve Replacement with the SAPIEN M3
System: 30-Day Outcomes - U.S. Early Feasibility Study. TCT 2018; September
2018; San Diego, CA.

Maisano F. Cardiovalve: device attributes, implant, procedure and early
results. TCT 2018; September 2018; San Diego, CA.

Granada JF. Cephea TMVR System: device description, clinical appraisal and
development plans. TCT 2018; September 2018; San Diego, CA.

Généreux P. ALTA Valve: device attributes, implant procedure, and first-in-
human. TCT 2018; September 2018; San Diego, CA.

Navia JL, Baeza C, Maluenda G, Kapadia S, Elgharably H, Sadowski J, Bartus K,
Beghi C, Thyagarajan K, Bertwell R, Quijano RC. Transcatheter mitral valve
replacement with the NaviGate stent in a preclinical model. Eurolntervention.
2017;13:e1401-e1409.

Navia JL, Kapadia S, Elgharably H, Maluenda G, Bartu$ K, Baeza C, Nair RK,
Rodés-Cabau J, Beghi C, Quijano RC. Transcatheter tricuspid valve implanta-
tion of navigate bioprosthesis in a preclinical model. JACC Basic Trans! Sci.
2018;3:67-79.

Mellert F, Sinning JM, Werner N, Welz A, Grube E, Nickenig G, Hammersting| C.
First-in-man transapical mitral valve replacement using the Direct Flow
Medical® aortic valve prosthesis. Eur Heart J. 2015;36:2119.

Lim ZY, Boix R, Prendergast B, Rajani R, Redwood S, Hancock J, Young C,
Bapat VV. First reported case of transcatheter mitral valve implantation in
mitral annular calcification with a fully repositionable and self- expanding
valve. Circ Cardiovasc Interv. 2015;8:e003031.

Key Words: aortic valve stenosis * mitral regurgitation
transcatheter aortic valve implantation

DOI: 10.1161/JAHA.119.013352

Journal of the American Heart Association 1

MHAIATY AMVHOdINHLNOD



