Early experience with transcatheter mitral valve replacement:
successes, challenges, and future directions
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Over the past decade, transcatheter aortic valve replacement
(TAVR) has revolutionized the treatment of patients with
severe aortic stenosis (AS). TAVR gained a foothold as a
viable aortic valve replacement (AVR) strategy in patients
deemed inoperable, and early clinical trials in this setting
confirmed a clear and dramatic survival advantage of TAVR
over palliative medical therapy (1). In the ensuing years,
TAVR has provided a paradigm shift in AS treatment
and is now an established alternative to surgical AVR in
AS patients with > intermediate risk (2,3). Furthermore,
TAVR is currently under clinical trial testing in low risk and
asymptomatic AS patients (4). In contrast, the development
and adoption of transcatheter mitral valve replacement
(TMVR) devices has been slower and with its own set of
unique challenges. In 2018, TMVR is not approved by the
United States Food and Drug Administration (FDA) for
patients with native mitral valve disease, and 1st generation
devices remain in clinical trial testing in high or extreme
risk patients with severe symptomatic mitral regurgitation
(MR) (Tible 1).

In 2009, the first TMVR procedure in a human to our
knowledge was performed as a trans-apical valve-in-valve
procedure in a patient with a stenotic bioprosthetic mitral
valve (5). The patient unfortunately died 47 days later due
to complications of a postoperative stroke. However, in the
ensuing decade considerable progress has been made in
advancing the field of TMVR and valve-in-valve TMVR is
now a well-established and FDA approved therapy (6-9).
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However, in contrast to valve-in-valve procedures, native
valve TMVR remains in the infancy of clinical trial testing
due to a number of challenges including lack of a rigid
annulus, subvalvular anatomic complexity, and risk of device
embolization (10). In 2013, the first reported cases of native
valve TMVR in humans were performed in Europe using
trans-apical approach in patients with severe mitral annular
calcification (MAC) and mitral stenosis (11,12). In recent
years native valve TMVR in patients with primary MR has
emerged with the use of devices specifically designed for
the mitral position with technology to facilitate anchoring
in a non-calcified, non-rigid annulus (13-18). Early results
of the Tendyne Valve (Abbott, Santa Clara, CA, USA) in
30 patients with severe native MR at high risk for surgery
(mean Society of Thoracic Surgeons Predicted Risk of
Mortality or STS PROM 7.3%) were encouraging with
87% of patients having successful device implantation free
of cardiovascular mortality, stroke, or device malfunction at
30 days (17).

In a recent edition of the Fournal of the American
College of Cardiology, Bapat et al. report their findings
from a prospective single-arm trial of the Intrepid Valve
(Medtronic, Minneapolis, MN, USA), a novel self-
expanding bovine pericardial TMVR device for native valve
MR (19). In this trial of the first 50 consecutive patients
referred for treatment with the device, the authors report
the following key findings. First, this was an elderly (mean
age 739 years), highly symptomatic (86% > New York
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Table 1 Transcatheter aortic vs. mitral valve replacement
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Device characteristics TAVR TMVR
Device generation 3rd 1st
Randomized clinical trial evidence  Multiple large multicenter trials None

FDA approved indications Intermediate risk AS

High risk AS

Inoperable AS

Valve in valve AV procedures
Clinical trial populations Low risk AS

Asymptomatic AS

Moderate AS with LV dysfunction

Bicuspid AV disease
Aortic regurgitation
Alternatives Surgical AVR

Palliative therapy

Key complications and long-term
outcomes

Peri-operative and long-term
mortality

Stroke

Bleeding

Vascular injury

New pacemaker
Paravalvular leak

Quality of life

Symptoms

Valve in valve MV procedures with a TAVR device

Symptomatic severe MR (degenerative or functional)

Surgical MVR
Surgical MV repair
Transcatheter MV repair

Heart failure therapy including CRT, neurohormonal medical
therapy, diuretic therapy in functional MR patients

Peri-operative mortality
Bleeding

Vascular injury
Hospitalization

LVOT obstruction
Mitral stenosis
Paravalvular leak
Device embolization
Quality of life

Symptoms

AS, aortic stenosis; AVR, aortic valve replacement; CRT, cardiac resynchronization therapy; FDA, Food and Drug Administration; LVOT, left
ventricular outflow tract; MR, mitral regurgitation; MV, mitral valve; MVR, mitral valve repair; TAVR, transcatheter aortic valve replacement;
TMVR, transcatheter mitral valve replacement; LV, left ventricular; AV, aortic valve.

Heart Association or NYHA class 3), frail (frailty 32%, low
albumin 23%, anemia 44%) population with high rates
of major comorbidities (58% chronic renal insufficiency,
44% prior sternotomy, 30% malignancy). The majority of
patients had functional MR (84%) and the STS PROM was
6.4%=5.5%. Second, the rates of 30-day mortality (14%),
bleeding (18%), and re-operation (10%) were high. Third,
the technical results of the procedure were excellent with
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48/50 (96%) patients having technically successful device
implantation. At 30 days, all 42 living patients had either
no MR or mild MR by echo, and there were no cases of
left ventricular outflow tract (LVOT) obstruction due to
device implantation and no cases of device embolization.
Additionally, among 42 living patients NYHA class
significantly improved at 30 days, and among 13 reported
patients the Minnesota Living With Heart Failure
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Questionnaire scores significantly improved at 12 months.
The development of safe and effective TMVR devices
faces certain unique challenges distinct from those of TAVR
devices. The study by Bapat et 4l. provides positive steps
forward in TMVR on several fronts. First, the anatomy of
the mitral valve is more complex and multi-faceted than the
aortic valve anatomy. The mitral valve has a saddle shaped
annulus which can dilate under conditions of left ventricular
dysfunction. Moreover, the mitral valve apparatus includes
not only the annulus and leaflets, but also the subvalvular
apparatus including chords and papillary muscles and the
left ventricular myocardium itself. The complexity of mitral
anatomy and its propensity to distort under conditions of
pathology lends to challenges in ensuring adequate device
fixation for transcatheter heart valves. For this reason, early
successes in the TMVR arena have been achieved in valve-
in-valve (9) or valve-in-MAC (11,12) procedures which
provide a more suitable fixation platform than the native
non-calcified mitral annulus. However, the Intrepid Valve
uses an outer frame with flexible atrial portion and cleats
which allows the device to conform to the annular anatomy
and to provide sites of friction for valve fixation. The
results are impressive with no cases of device embolization
or significant paravalvular leak. The second issue unique
to mitral anatomy is the close proximity to the LVOT. In
patients with small left ventricles, the close relationship of
the anterior mitral leaflet and LVOT may lead to significant
LVOT obstruction with TMVR implantation. In the series
by Bapat ez al. only patients with a projected LVOT area
of 1.3 cm’ post valve implantation were included, and the
authors report no cases of significant LVOT obstruction.
These findings are especially encouraging in a series that
included 42% women in whom smaller left ventricular size
may contribute to higher risk of LVOT encroachment.
Third, the authors report impressive improvements in both
functional status and quality of life in this early experience
with the Intrepid Valve. These findings are especially
encouraging when considering the very high proportion
of functional MR patients in whom these endpoints are
critically important. There is no randomized trial evidence
to support a mortality benefit of mitral valve replacement.
Therefore, proving that TMVR offers improved functional
capacity and quality of life are key aspects on the path to
eventual adoption of TMVR in routine clinical practice.
However, considerable work remains before TMVR can
be adopted with the same excitement and promise of TAVR.
The findings by Bapat et 4/. highlight a number of key issues
which will require further attention in coming years. First,
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the 30-day mortality rate of 14% in this series remains
alarmingly high. Considering that the predicted risk of
surgical mortality was 6.4% in this cohort of patients felt
to be of inoperable risk, strategies to reduce TMVR related
mortality will be critically important. Of the 7 deaths in this
series, 3 (6% of the study population) were due to access
site bleeding. An additional patient did not undergo TMVR
due to access site bleeding and 5 patients (10%) underwent
re-operation for bleeding complications. The overall rate
of major bleeding was 18%. The high rates of bleeding-
related mortality and bleeding-related reoperation highlight
the major procedural risks in this older frail population
with requisite need for post-procedural anticoagulation
who are treated with a thoracotomy and left ventricular
apical access. Future development of safe and effective
transfemoral transseptal approaches to TMVR should
obviate the need for thoracotomy and left ventricular
apical access and offer the potential for lower bleeding
related complications. Moreover, further study of the ideal
post-procedure anticoagulant regimen and duration will
be of utmost importance in optimizing peri-procedural
safety and potentially long-term valve performance and
hemodynamics.

As the field of TMVR continues to evolve, several
unknowns remain. Unlike TAVR in which the alternative
strategies are clear (either surgical AVR or palliation),
there are a wide range of therapies for severe MR. For
patients in whom surgery is high or extreme risk, a number
of transcatheter mitral repair options may be considered.
The edge to edge repair MitraClip device (Abbott, Santa
Clara, CA, USA) is the predominant transcatheter mitral
repair device currently in use (20,21), but a number of
other devices are in development including a variety
of annuloplasty devices (22). Early experience with
commercial use of the MitraClip in >500 patients in the
United States is very encouraging with 91% procedural
success and the majority of patients discharged to home
with moderate or less MR (23). It is unknown whether
transcatheter mitral repair or replacement will be superior
in patients eligible for either approach (24). Additionally,
the prognosis of severe MR is variable and depends on
patient comorbidities, left ventricular function, and
other factors. Therefore, patients with severe functional
MR may be treated with optimal heart failure medical
therapies or cardiac resynchronization therapy in eligible
patients resulting in improvements in MR severity and
symptoms (25). Unlike severe AS, in which medical
therapy is strictly palliative, medical therapy and cardiac
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resynchronization in functional MR patients may impact
the severity and course of disease. Therefore, patient
selection will likely remain paramount to all decisions in the
clinical use of TMVR technology. A heart team approach
involving interventional and imaging cardiologists and
cardiac surgeons among others will be necessary to identify
patients most likely to benefit from TMVR. Shared decision
making between patients and providers is also likely to have
a critical role in this process.

In conclusion, the rapid evolution of transcatheter
solutions for patients with valvular heart disease continues
in the arena of native valve MR with emerging devices for
both mitral repair and replacement. Lessons learned from
TAVR and mitral valve-in-valve procedures, including use
of a heart team for ideal patient selection, will be critical
in achieving further success in TMVR development in the
coming years.
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