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Abstract: Mitral valve regurgitation (MR) belongs to one of the most common acquired valve diseases
in western countries with increasing prevalence in older age. For patients with high perioperative risk and
older age prohibitive for valve surgery, the development of transcatheter mitral valve therapies offers new
options. Assessment of the severity and etiology of MR and thorough imaging of the mitral valve anatomy
and pathology are necessary prerequisites for appropriate decision making in the field of transcatheter mitral
valve therapies. Different transcatheter repair and replacement techniques are on the market, most of them
mimicking surgical techniques. With some techniques (e.g., the MitraClip device), there is good clinical
experience (>80,000 devices implanted worldwide), and evidence (three randomized studies), whereas for
newer procedures, safety and efficacy data are still very limited. Transcatheter mitral repair and replacement
techniques have to be considered as complementary treatment options for high-risk patients indicated by the

Heart Teams. The different techniques and devices will be introduced and discussed in the following paper.
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Background older age or other comorbidities (9). Therefore alternative,

. less invasive treatment strategies are required; some already
Introduction . . . . . .

are in routine clinical practice. In the following, we will
discuss the different interventional approaches to treat MV

disease.

Mitral valve (MV) disease is amongst the most common
valvular heart defects worldwide, and the majority of

patients suffer from mitral valve regurgitation. Its incidence When considering transcatheter therapies for MV

is 1-2% of the western population, and it is more prevalent
with age affecting up to 10% of the population above
75 years (1). The presence and the severity of mitral
regurgitation have a prognostic impact on long-term
survival (2-4). The mortality rate of untreated severe mitral
regurgitation is up to 50% (5,6). However, approximately
50% of patients meeting the indication for mitral valve
therapy are not referred to surgery (7,8) due to heart failure,
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disease, it is of great importance to understand the
etiology of the mitral valve regurgitation (MR). MR is
either designated to a “degenerative/primary” (related to
abnormalities of the anatomical structures of the mitral
valve like leaflets or chordae tendineae) or to a “functional/
secondary” etiology (based on systolic tethering of the
anatomically intact leaflets due to ventricular dysfunction
(ischemic or other) or atrial dilatation). Before treating
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MV regurgitation, a thorough evaluation of its etiology is
necessary and optimal medical therapy of the underlying
disease should be performed before any interventional
therapy.

Management of care

The current ESC Guidelines on valvular heart disease
emphasize the importance of a multidisciplinary heart team
(including general and interventional cardiologists, cardiac
surgeons, imaging specialists, HF specialists, and cardiac
anesthesiologists) for evaluation and therapy planning in
patients suitable for transcatheter mitral valve therapy (10).

In primary MR, medical therapy may be a temporary
option to improve clinical symptoms but is not a lasting
and curative therapeutic approach. Surgical treatment
is the treatment of choice to correct severe primary MR
in symptomatic patients (10). Mitral valve repair is the
preferred method compared to mitral valve replacement
considering lower perioperative mortality, superior long
term survival, and reduced valve related complications (11).

In secondary MR optimization of medical therapy is
recommended (10) before considering interventional
therapies. Cardiac resynchronization therapy may lead to a
reduction in secondary MR in selected patients with a wide
QRS complex (12). According to the current guidelines
only weak recommendations are given for surgery (level of
recommendation Ila) and transcatheter mitral valve therapy
(level of recommendation IIb) in this group of patients with
secondary MR (10).

Anatomical and imaging considerations

The mitral valve is a complex anatomical structure
consisting of the annulus, two leaflets (anterior and
posterior leaflet, which are both arranged of three
segments) and the chordae tendineae, which connect the
leaflets to the left ventricle. Thorough imaging evaluation
and analysis has to be performed to allocate the best
suitable therapy. Transthoracic (T'TE) and transesophageal
echocardiography (TEE) are essential investigations to
comprehensively evaluate the mitral valve apparatus and to
get an idea about the pathology and anatomical structures
involved in MV disease. The echocardiographic pre-
and periprocedural assessment of the mitral valve should
be performed following certain standard views (13,14).
The application of real-time three-dimensional 3D TEE
can provide better visualization of the mitral valve and
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its pathology. In addition to echocardiographic imaging
CT scanning of the mitral apparatus can give additional
information about calcifications and geographical relations
of MV apparatus and adjacent structures.

Transcatheter mitral valve therapy

Over the past years an increasing number of transcatheter
MV therapies was developed and there is further technical
progress. The available devices are based on very variable
techniques and different modes of actions and may be
applied according to the underlying MV pathology. Those
new developments may be generally categorized into
procedures targeting:

(I)  Leaflet repair;

(II) Direct or indirect annuloplasty;

(IIT) Implantation of artificial chordae;

(IV) Transcatheter mitral valve replacement.

Tuble 1 gives an overview of the most commonly applied
MV repair techniques.

Leaflet repair/edge-to-edge technique

MitraClip

The MitraClip (Abbott Laboratories, Menlo Park,
California, USA) device consists of cobalt chromium and
is covered with a polypropylene tissue (Figure I). The
MitraClip device has two arms and is based on the principle
of approximating the edges of the anterior and posterior
MV leaflet segments. This technique was designed after the
surgical “edge-to-edge” repair technique, first introduced
by Alfieri et al. (15). The MitraClip device received CE-
Mark approval in Europe in 2008 and FDA approval in the
USA in 2013 for use in primary MR and very recently 2019
for use in secondary MR. Currently the third generation
of the MitraClip (offering two sizes: NTR in original size
and XTR with 3 mm longer clip arms) is on the market
with improved steering, navigational and positioning clip
capabilities to facilitate precise positioning and accurate
results (Figure 2).

To achieve a preferably high success rate considering MR
reduction certain anatomical requirements of the MV should
be considered. The following MR criteria were identified
to be favorable anatomical parameters for a successful
Clip implantation: leaflet coaptation length >2 mm,
coaptation depth <11 mm, in case of primary MR-flail gap <
10 mm and flail width <15 mm. With growing experience
regarding the MitraClip implantation also more complex
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Table 1 Overview of transcatheter mitral valve repair devices which have already CE approval and devices with promising techniques

Repair mode Device Description Access Clinical experience
Leaflet repair MitraClip Based on the “edge-to-edge” TF-transseptal >80,000 Impl
Abbot V. | A techni i Alfieri I (1
(Abbot Vascular, USA) echnique described by Alfieri et al. (15) CE approval
FDA approval for DMR
and FMR
PASCAL (Edwards Based on the “edge-to-edge” TF-transseptal CE approval
Lifesciences, Irvine, CA) technique
Independent grasping of the leaflets
Direct Cardioband (Edwards Implantation of an adjustable band to TF-transseptal CE approval
Annuloplasty Lifesciences, Irvine, CA) the posterior annulus
Anchoring on the hinge of the annulus
Mitralign (Mitralign, Inc.; Plication of the posterior annulus with TF-transseptal CE approval
Tewksbury, MA) 2 pairs of pledges
Reducing MV annulus diameter
Arto system (MVRX, Implantation of an atrial septal anchor TJ and Investigational
Inc.;San Mateo, USA) and a coronary sinus anchor TF-transseptal
Cinching of the anchors leads to a
reduction of AP diameter
Iris Device Semirigid nitinol ring that is implanted TF-transseptal Investigational
(Millipede Inc., USA) in the mitral valve annulus
Indirect Carillon (Cardiac Nitinol anchors placed in the distal TJ CE approval
Annuloplasty Dimensions, USA) and proximal coronary sinus
Reduction of MV annulus diameter
upon deployment of the device
Chordal NeoChord Surgical off-pump procedure TA CE approval
Repl t NeoChord, USA . -
eplacemen (NeoChor ) Implantation of artificial chords
through a transapical access
TSD-5 device Surgical off-pump procedure TA Ongoing CE approval
(Harpoon Medical, Inc.) study

Implantation of artificial chords
through a transapical access

TF, transfemoral; TJ, transjugular; TA, transapical; MV, mitral valve; AP, anterior-posterior.

Figure 1 The MitraClip system with steerable console outside the body and the amplified MitraClip (with copyright permission from Abbot).
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Figure 2 Standard steps of the MitraClip procedure. (A) Perpendicular positioning of the MitraClip above the mitral valve. (B) Grasping

of the leaflets and closing of the MitraClip. (C) The typical “double orifice” after MitraClip implantation. (D) Fluoroscopic control of the

correct position of the MitraClip. (E) 3D echocardiographic control of stable perpendicular position after advancing the MitraClip in the

left ventricle. (F) The echocardiographic result after successful MitraClip implantation [figure with copyright permission from (16)].

valve morphologies and pathologies are treatable with the
MitraClip device.

Procedure technique

The MitraClip procedure is usually performed under
general anesthesia in most of the implanting centers.
The intervention is guided using TEE and fluoroscopy
in the catheterization laboratory. The MitraClip device
is inserted using a transfemoral venous access a 24F
guiding catheter. Optimal transseptal puncture is a very
important precondition for a successful procedure. In case
of primary MR and large prolapse a more posterior and
higher puncture site (5 cm above the annular plane) is
recommended whereas in secondary MR puncture height
should be around 3.5 to 4 cm above the annular plane,
since tethering of the leaflets results in a coaptation level
below the annular plane. The 24 F guiding catheter is
then advanced in the left atrium over a stiff wire. After the
Clip has been positioned over the MV it will be aligned
perpendicular to the MV coaptation line using TEE
guidance. Subsequently the MitraClip will be advanced into
the left ventricle and after confirming the correct position
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in the MV pathology the leaflets will be captured and the
Clip can be closed. The last maneuvers will be performed
under continuously TEE control using standard views
(intercommissural view and LVOT view). The MitraClip
can be reopened and repositioned if necessary and in case
of large degenerative MV defects or in secondary MR
with large coaptation defects the implantation of two or
more Clips may be necessary to achieve the desired results.
Before releasing the Clip it is very important to assess the
transmitral gradient to avoid functional mitral stenosis.
The residual mean transmitral gradient should not exceed
5 mmHg. Patients tolerate a residual MR better than an
increased mean transmitral gradient >5 mmHg (17). In case
of complicated grasping application of adenosine or rapid
pacing may facilitate leaflet capture. A common sequelae
of the MitraClip procedure is the iatrogenic ASD which
is usually tolerated very well. Relevant shunting over the
iatrogenic ASD with increased right heart stress may have a
negative prognostic impact and should be corrected (18).
Complications after the MitraClip procedure comprise
bleeding, pericardial effusion, partial leaflet detachment,
device embolization, endocarditis, mitral stenosis requiring
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surgery, left ventricular assist device implantation, device-
related complications and are reported to occur in 3.2% to
13% of the procedures.

Clinical evidence
The MitraClip system is the most commonly used
transcatheter repair technique with most interventions
being performed in Europe so far. The clinical evidence for
this device is derived from three randomized clinical studies:
In the EVEREST II study (19), 279 patients with
severe MR and indication for surgery were randomized
in a 2:1 ratio to percutaneous mitral valve repair with
the MitraClip device (n=184) or to surgical mitral valve
repair or replacement therapy (n=95). In most patients
(73%) the etiology of MR was of primary origin with
very defined and restricted echocardiographic inclusion
criteria. The combined primary efficacy endpoint after
12 months (freedom from death, freedom from surgery for
MV dysfunction, and freedom from grade 3 and 4 MR) was
reached in 55% of patients in the MitraClip group and 73%
in the surgery group. The main driver for this significant
difference was the high rate of surgery due to MV
dysfunction after MitraClip therapy (20% vs. 2.2% in the
surgery group). However the safety endpoint was in favor
of the MitraClip system mainly driven by a higher rate of
bleeding requiring a blood transfusion in surgical patients.
In this trial no device embolization did occur, and no mitral
stenosis was reported and very interestingly surgical MV
reconstruction was still possible after having a MitraClip
implanted (20). The safety results of this trial led to a high
acceptance of this percutaneous device worldwide.
Five-year results of the EVEREST trial demonstrated
no significant difference in mortality rates between the two
treatment groups (20.8% in the MitraClip group and 26.8%
in the surgical repair group, P=0.4). And similar to the
12 months results the combined endpoint (freedom of death,
MV surgery and grade 3 to 4 MR) was significantly lower
in the MitraClip group (44.2%) compared to the surgical
group (64.3%) (P=0.01). The difference in the composite
endpoint was mainly due to increased rates of grade 3 and
4 MR and surgery in the percutaneous repair group. 78%
of the surgeries in the percutaneous repair group occurred
during the first six months of the study. After six months rates
of grades 3 and 4 MR and rates of surgery were comparable
in both groups, which is a strong indicator for the long-term
durability of the MitraClip device. As already mentioned,
patients enrolled in the EVEREST trial were eligible for
surgical therapy and therefore highly selected. But also
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results of observational studies on the commercial use of the
MitraClip device in mainly primary MR confirmed a high
procedural success rate of >90%, a mortality rate <3% and
overall 30-day serious complication rate was described to be
10-15% (21,22). In real-world registries like the German
TRAMI registry (23) or the Italian GRASP registry (24) a
good safety profile with a high success rate and good clinical
results could be observed, even in patients with a higher risk
profile and mainly secondary MR etiology. The experience
with the MitraClip device is continuously growing giving
the opportunity to expand the indication to a broader patient
cohort with more complex MV anatomy and pathology.

Very recently two randomized controlled trials compared
MitraClip to medical therapy in patients with secondary
MR due to LV dysfunction (25,26):

% The COAPT trial is an industry-sponsored
prospective randomized trial, performed in
the USA, comparing MitraClip therapy versus
guideline-directed medical therapy (GDMT) in
614 patients with severe secondary MR and LV.
The clinical endpoints were significantly improved
in the MitraClip group compared to the control
group showing a reduced hospitalization rate due to
heart failure after 24 months (35.8%) compared to
the medical therapy group (67.9%). In addition the
all-cause mortality rate was lower in the MitraClip
group (29.1%) compared to medical therapy alone
(46.1%). MitraClip related complications after
12 months were recorded in 3.4% of patients.

% The MITRA-FR trial is an investigator-initiated
prospective randomized trial and was performed
in several centers in France. 304 symptomatic
patients with relevant MR and LV dysfunction
were randomly assigned to either percutaneous
mitral valve repair (MitraClip) (n=152) or medical
therapy group (n=152). After 12 months there
was no difference between both groups regarding
mortality rate (24.3% in the MitraClip group wvs.
22.4% in the medical group) and hospitalizations
due to the worsening of heart failure (48.7% in the
MitraClip group vs. 47.4% in the medical group).
Device related complication rate 12 months after
MitraClip therapy was 14.6%.

Possible explanations for these discrepant results are
differences in study design and patients’ characteristics.
Patients enrolled in the MITRA FR trial had a more
disproportional MR with more enlarged LV diameters.
Furthermore the periprocedural success rate was better

7 Thorac Dis 2020;12(4):1728-1739 | http://dx.doi.org/10.21037/jtd.2019.12.137



Journal of Thoracic Disease, Vol 12, No 4 April 2020

1733

Figure 3 Scetch of the Carillon device procedure. (A) Positioning of the Carillon device with the two anchors in the great cardiac vein and

the ostium of the coronary sinus. Deployed Carillon device before (B) and after “cinching” (C) with the restoration of leaflet coaptation [figure

with copyright permission from (16)].

in the COAPT trial and patients in the control group in
the COAPT trial were more refractory to medical therapy
therefore less prone to improvement during the study
follow up. Finally there was a longer follow up (24 months)
in the COAPT trial, which was very important since
differences in the clinical endpoints emerged beyond the
12 months follow up.

Although most of the etiologies of MR (primary and
secondary) can be treated with the MitraClip device there
is a considerable number of patients with severe MR who
do not meet the anatomical criteria for Clip implantation
or who have contraindications for Clip therapy. Several
alternative devices have emerged on the market of
percutaneous mitral valve therapy to treat MR.

PASCAL transcatheter mitral valve repair (TMVr)
system

The PASCAL transcatheter device (Edwards Lifesciences,
Irvine, CA) received CE-approval in Germany in 2019
and is similar to the MitraClip system-based on the edge-
to-edge repair technique. The device was designed to
overcome some of the MitraClip“s technical limitations:
broader “paddles” with a central spacer should facilitate
MR reduction and are thought to reduce stress and
tethering on the valve leaflets, independent movement
of the “paddles” should enable a better leaflet grasping
especially in complex anatomies, and device elongation
should facilitate maneuvers in the left ventricle. Procedural
steps resemble those of the MitraClip therapy with access
via the right femoral vein (27), using the transseptal
approach and advancing the PASCAL implant over a 22 F
guide catheter in the left ventricle. Clinical evidence for the
PASCAL system is still limited. In the first observational
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study in 23 patients the PASCAL system was implanted
by compassionate use (28). Residual MR <2 was observed
in 96% of the patients, no increased transmitral gradient
could be detected despite the large implant device. Direct
procedure related complications occurred in 2 patients
(9%) due to bleeding and transient ischemic attack. In the
CLASP study (29) the safety and efficacy of the PASCAL
system were evaluated in 62 patients with grades 3 to 4 MR.
After 30 days, MAE was 6.5% with an overall mortality rate
of 1.6%. Residual MR <2+ could be observed in 98% of
these patients after 30 days with a corresponding functional
improvement. These promising results have to be confirmed
in a larger patient cohort and with long term follow up. A
direct head-to-head comparison with the well-established
MitraClip device will be performed in the ongoing CLASP
11 trial.

Indirect annuloplasty devices

Carillon Mitral Contour System™

The Carillon Mitral Contour System™ (Cardiac
Dimensions, USA) is a right heart transcatheter indirect
annuloplasty system for the treatment of patients with
functional MR. The implantable device consists of a
proximal and a distal self-expanding nitinol anchor
connected via a shaping ribbon (Figure 3). The Carillon
System is applied through trans-jugular venous access over a
9F delivery catheter and introduced into the coronary sinus.
Utilizing the proximity of the coronary sinus to the mitral
annulus apparatus, the mitral annulus diameter will be
reduced during deployment of the device and consequently
functional MR will be reduced (30). During the intervention
imaging of the left circumflex artery (LCX) is recommended
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Figure 4 Procedural steps of the Cardioband system. (A) The Cardioband is anchored to the hinge of the posterior mitral annulus

starting on the anterolateral commissure and reaching the posteromedial commissure. After deployment of the Cardioband (B) cinching

of the Cardioband is performed to reduce annular diameters and enhance leaflet coaptation. (C) Fluoroscopic and angiographic control is

performed to confirm the correct position of the device and to exclude any damage of the left circumflex artery. (D) 3D echocardiographic

imaging (“en face view”) after deployment of the Cardioband.

to exclude compression of the LCX which is located close
to the mitral annulus. The advantages of the Carillon
system are its simple use, benign design and the possibility
of recapturing and repositioning the system if needed. The
initial studies evaluating the CARILLON system showed an
improvement of clinical symptoms, a reduction of MR and
an improvement of LV remodeling parameters (20). Due
to its design and its specific localization the CARILLON
device was exposed to high strain at the level of the proximal
anchor and asymptomatic device fractures in this area were
observed in 25% of the cases. Therefore a modified device
was developed and evaluated in the prospective single arm
safety TITAN II trial (31). The improved clinical and
echocardiographic results from the previous studies could be
confirmed in the TTTAN II trial. There was only one single
device fracture (2.8%) and the primary endpoint (30 days
MAE) was 2.8%. 12 months mortality rate was 23% and
none of the deaths was device-related (31). Meanwhile the
Carillon System has been implanted in the 1000" patient in
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July 2019 demonstrating its acceptance in the percutaneous
mitral valve repair area. A very clever designed double-blind
randomized trial (REDUCE-FMR trial) was performed
to evaluate the efficacy of the Carillon system objectively
and preliminary results (presented at the T'CT conference
2018, still unpublished) showed a reduction in MR and LV

remodeling parameters.

Direct annuloplasty devices

Cardioband system

The Cardioband device (Edwards Lifesciences, Irvine, CA)
is a percutaneous direct annuloplasty device (Figure 4) for
the treatment of functional MR. It is designed according to
surgical annuloplasty devices but applied via a percutaneous
transseptal approach. Cardioband is an adjustable posterior
band implanted from the anterolateral to the posteromedial
commissure by multiple small anchors at the hinge of
the posterior annulus. The implantation procedure is
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Figure 5 The Mitralign device mimicking a modified Kay Wooler annuloplasty. (A) Schematic imaging of the Mitralign device. (B) Plication

of the posterior annulus with pledges.

performed under continuous echocardiographic (TEE)
and fluoroscopic guidance. Good imaging quality is a
condition sine qua no in this procedure. After the fixation of
the band on the posterior annulus, the implant is adjusted
under imaging control to reduce mitral annulus diameters,
enhance leaflet coaptation and therefore reduce MR (32).

In a multicenter study of 60 patients treated with the
Cardioband device the one year results demonstrated
reasonable performance and safety results: One year survival
rate was 87%, moderate or less MR was present in 61%
and functional status, quality of life and exercise capacity
improved significantly. The Cardioband device had some
technical problems in the early phase of the study. 9 of
10 patients in the study had an anchor disengagement
leading to an inefficient device in five patients. As a
consequence the device was modified in the first half of the
study. Two coronary artery occlusions were reported during
the study. After the improvement of screening no more
coronary occlusions had been observed.

Mitralign system

The Mitralign annuloplasty system (Mitralign, Inc.;
Tewksbury, MA) is predicated on the plication of the
posterior annulus using a pledget delivery system via
retrograde aortic access to the left ventricle and left atrium
(Figure 5). Pairs of pledgets are placed at the opposite
ends of the annulus to reduce annulus diameter resulting
in reduced MR. The Mitralign system received CE Mark
approval in 2016 due to the safety and efficacy endpoints
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reported in the CE Mark trial. Data from the prospective,
multi-center, single arm study demonstrated a significant
improved 6-minute walk test and improvement in left
ventricular dimensions and remodeling after 6 months.
Reduction of MR was achieved in 50% of the patients and
device success was 70.4%, pericardial tamponade occurred
in 8.9%, there was no death (33).

Chordal replacement

The NeoChord DS1000 device

The NeoChord device (NeoChord, Inc.) is a surgical
off-pump mitral valve repair procedure for patients with
degenerative MR. The procedure is performed under general
anesthesia using a transapical access device and implanting
artificial chords into the mitral valve leaflets. After the fixation
of the Neochordae in the defined leaflet area, the chordae
will be externalized and anchored at the ventricular access
site. The results of the FIH TACT trial (34) led to CE Mark
approval of the device in 2012. All of the 30 patients enrolled
in the TACT trial had a prolapse of the PML with chordal
rupture or elongation. Six patients needed reoperation due to
failed repair. Since 2012, the NeoChord device was applied
in >450 patients and there is an ongoing registry. In addition
an FDA pivotal study (RECHORD trial) has been started
aiming to enroll 585 patients at 20 participating centers.

TSD-5 mitral valve repair device
The TSD-5 mitral valve repair device (Harpoon Medical,
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Inc.) is a similar device compared to the above mentioned
NeoChord device with transapical access. The artificial
cords are implanted under TEE and fluoroscopic guidance
at the posterior mitral leaflet with a special delivery system.
After reassuring the optimal length of the chordae they will
be fixed outside the left ventricle with Teflon material. The
first results of the device in 13 patients were reported at the
Transcatheter Cardiovascular Therapeutics Conference
in 2016 showing a 100% procedural success rate and two
reoperations due to pericardial effusions and two reoperations
due to recurrent MR in the midterm follow up (35).
There is an ongoing CE Mark study at 22 centers in five EU
countries.

Transcatheter MV replacement (TMVR)

The complex anatomy of the mitral valve (D-shaped,
asymmetric annulus, complex subvalvular apparatus, and large
and variable dimensions) poses big handicaps in the field of
"TMVR. The main challenges of developing optimal TMVR
prostheses are anchoring the prostheses in a D-shaped, non—
calcified native valve preventing migration of the prosthesis
into the left ventricle and avoiding a paravalvular leak and
LVOT obstruction by displacing the anterior mitral leaflet
into the LVOT. Considerable valve designs have been created
to address all these challenges, some of them already under
investigational use in patients (35).

Access site

For TMVI two access options exist: Transfemoral venous
with transseptal access to the left atrium and the MV and
transapical access to the left ventricle and the MV.

Transfemoral venous access supposedly is least invasive
and after transseptal puncture offers an antegrade approach
to the MV. Anatomically, however, any application system
for a transcatheter mitral valve (TMV) has to be tilted to
reach the native MV. Coaxial alignment of a valve cannot be
accomplished before unsheathing in all instances. Therefore
a transfemoral transseptal approach to the MV can be
somewhat challenging.

Transapical access requires anterolateral minithoracotomy.
This is slightly more invasive than a transfemoral puncture,
however, it is a routine minimally invasive procedure and
with a soft tissue retractor a non-rib-spreading approach can
be used. Through an apical purse-string, a straight approach
to the MV is obtained. This allows for precise positioning,
anchoring, and implantation of any transcatheter MV
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prosthesis.

Prostheses

Different valve prostheses using different approaches,
different anchoring, and sealing mechanisms are available.
The overall worldwide experience with different devices
is still limited. All valves consist of a self-expanding frame
(usually Nitinol) that incorporates xenogenic leaflets to
obtain a trileaflet biological valve. The most common tissue
material is bovine or porcine pericardium, and porcine valve
leaflets are an alternative. Table S1 gives an overview of the
most commonly used TMVI prostheses.

Anatomy/functional morpbology of MV

In order to safely implant any TMVI prosthesis, several
anatomical factors, which may be influencing the functional
morphology of the heart, need to be considered. The
MV itself is a very complex structure, and it is embedded
quite closely to the left ventricular myocardium, papillary
muscles, native mitral valve chordae and leaflets, and the
left ventricular outflow tract LVOT).

Any LVOT obstruction needs to be avoided. Therefore
the mitral aortic angle should be >120°, and severe septal
hypertrophy should be excluded. Furthermore, any TMVI
prosthesis should be placed as atrial as possible.

In order to avoid such complications, exact preoperative
screening using precise transesophageal echocardiographic
and CT assessment should be performed. Several factors
need to be considered:

(I) Sufficient annular diameter for safe anchoring and
sealing. The larger the annular diameter, however,
the larger may be the risk for LVOT-obstruction.

(II) Engagement of the native leaflets for precise
positioning and good sealing of a device.

(IIT) Consideration of the functional anatomy of the
LVOT in order to avoid any obstruction after valve
implantation.

(IV) Assessment of left ventricular function, ejection
fraction may decrease after valve implantation with
a sudden decrease in mitral incompetence.

Clinical evidence

The overall number of TMVI procedures is still limited
worldwide. At present, according to data presented at EuroPCR
Conference 2019, slightly more than 500 patients have
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received TMVI worldwide. Amongst them, approximately
50% received a "Tendyne prosthesis, approximately 25% an
Intrepid prosthesis, approximately 12.5% a Tiara prosthesis,
3.5% a Caisson prosthesis, 3% a CardiaQ prosthesis, 3% an
M3/Sapien prosthesis and 3% a Highlife prosthesis.

In a recent literature overview of published studies on
TMVR, it was concluded that TMVR is a feasible, less
invasive alternative for treating severe mitral regurgitation
in patients with high or prohibitive surgical risk. TMIVR
was associated with a high rate of successful valve
implantation and excellent hemodynamic results. However,
peri-procedural complications and all-cause mortality
were relatively high (36). In that review, 308 patients who
had received a TMVR were included. Mean patient age
was 75.2x3.5 years, mean STS score was 7.7£0.75, and
secondary; functional mitral incompetence was present
in 77.5% of the patients. All-cause 30-day mortality was
13.6%, the stroke rate was 2.9%, moderate or severe mitral
incompetence was present in 1.5%, and unplanned mitral
valve surgery had to be performed in 4% of the patients. At
a midterm follow-up of 10.1 months, mortality was 27.6%,
moderate or severe mitral valve incompetence was not
diagnosed in any of 83 examined patients, unplanned mitral
valve re-intervention rate was 2.3 %, device embolization
occurred in 0.8%, and endocarditis was seen in 2.7% of the
patients, respectively.

When evaluating those preliminary data, we have to
keep in mind that patient inclusion into any of the existing
clinical trials is quite selective. A French study group
examined factors associated with inclusion or rejection
for TMVR trials between November 2016 and July 2018.
Amongst 40 screened patients, 60% were refused. They
concluded that despite good clinical profiles, patients could
not be treated with TMVR because of mismatch between
their anatomy and prosthesis characteristics (37).

Conclusions

Transcatheter mitral valve therapies are still in the
early phase of their development—with the exception
of the MitraClip device—with limited clinical evidence
but promising results regarding safety and efficacy.
Transcatheter mitral valve therapies are rapidly developing,
and further technical refinements of the devices, together
with increased experiences and improved learning curves
of the operators, will allow for increased applications in the
future.

To achieve these goals, it is very important to collect
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further data and to evaluate the existing transcatheter
devices against standard care. The development of
imaging techniques with a combination of fluoroscopic,
echocardiographic, and computed tomographic data will
further improve the technical success rate of procedures and
reduce the complication rate to achieve the best possible
result for the patient.

A very important aspect in this exciting field of new
and fast-growing technologies is the existence of a Heart
Team that builds the fundament for decision making and
delivering the best quality of care to our patients through
inter- and multidisciplinary cooperation.
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Supplementary

Table S1 Overview of transcatheter mitral valve replacement prostheses with a promising perspective

Valve Access Specific features Images
Tendyne (Abbott TA, TF under e Nitinol stent, porcine pericardial leaflets —
V. lar, Abbott lop- t ~
ascular, Abbo develop-men e Apical tether for fixation r
Park, IL)
e Fully repositionable and retrievable
e Largest clinical experience worldwide 4 \ﬁ X
e MAC substudy
T—
e CE approval expected
Intrepid (Medtronic, TA e Conformable outer stent to engage MV e
Minneapolis, MN) annulus and leaflets 6
(ﬂ DAL
* Flexible brim to aid imaging :'7"‘“’“
e |nner 27 mm stent with tri-leaflet bovine %W
pericardial valve
Tiara (Neovasc Inc.) TA e D-shaped valve, bovine pericardial leaflets, Atrials\ki.rt
Nitinol frame
e Three anchors \
7 I g
7 Bovine pericaridal
leaflets
CardiaQ (Edwards TF transseptal e Nitinol stent with relatively open frame
Lifesci .
I fesmences corp. e Bovine pericardial leaflets
Irvine)
e Atrial and ventricular anchors
e Supraannular position to avoid LVOT
obstruction
* |[ntraannular sealing skirt
e TA approach not pursued
Caisson (LivaNova TF transseptal e Composite system with anchor to the MV
PLC, UK) and then valve placement inside the anchor
Cardiovalve TF transseptal e Self-expanding valve

ioval
(Cardiovalve) e Short profile for minimal protusion into

the LVOT

e Specific anchoring and sealing meachanism

e Successful FIM 2018

M3/Sapien TF transseptal Composite system: .
(Edwards

] ) e Anchoring dock that corrals native ek SORENAG I
Lifesciences Corp.,

Irvine) e MV leaflets 74 Y

e Sapien M3 valve is then inserted into the
anchoring dock

Highlife (Highlife TA/TF transseptal Composite system:
SAS, Paris) and TF retrograde . —— R

) e Ring placed at MV annulus via TF o 2 e s
arterial ) 3 i N\
retro-grade approach A %\Q i L ¢ Y
XXX - g’
* Transcatheter prosthesis placed TA or TF Ve w7

transseptally inside the ring

TF, transfemoral; TA, transapical; MAC, mitral annular calcification; MV, mitral valve; LVOT, left ventricular outflow tract; FIM, first in man.



