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Transcatheter valve interventions: mitral 
valve is the next quest

 Review

Mitral valve interventions are the next frontier for the structural heart interventionalist. Several challenges 
have to be overcome, including the variability of mitral valve disease and anatomy, the need for advanced 
imaging and the need for multiple devices, potentially to be used in combination. However, the unmet 
need for less-invasive treatments for mitral valve insufficiency is a great driver to innovate in this field. 
Technologies to treat mitral valve regurgitation include repair devices acting at the leaflet, annular or 
subannular level, as well as replacement devices. Early experience with the MitraClip™ (Abbott Vascular 
Inc., CA, USA) device is very promising: the therapy is applicable to mitral regurgitation with different 
etiologies with safe and durable results. More devices will enter clinical practice in the next few years to 
expand indications and to improve outcomes.
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In the last 5 years, transcatheter aortic valve 
implantation (TAVI) has evolved from an inno-
vative experimental approach to valve disease to 
a valuable therapeutical option for high-risk and 
inoperable patients with aortic stenosis. As tech-
nology evolves and clinical outcomes improve, 
more patients are referred to TAVI. In the last 
year, in most countries in Europe, approximately 
one out of four patients requiring a tissue aortic 
valve replacement had it implanted with a trans-
catheter approach. The threshold for indicating 
TAVI is lowering each year and there is poten-
tial to expand transcatheter treatment into the 
i ntermediate risk population. 

In the meantime, mitral valve interventions 
have lagged behind. The reasons for a slower 
evolution and penetration into clinical practice 
are multiple. Compared with the aortic valve, 
the mitral valve anatomy and pathology is more 
complex and variable. As a consequence, a 
single device is not going to be enough to treat 
all patients; furthermore, many patients could 
require more than one device to fix mitral disease 
more effectively. In addition, since the mitral 
valve apparatus is a complex 3D and dynamic 
structure, a conventional stent-based approach 
(such as the one used for the aortic valve) is 
not applicable to replace or to repair the valve. 
Finally, the future of mitral valve intervention is 
closely linked to the evolution of imaging, due to 
the dynamicity and the complexity of the struc-
tures, where an angiographic approach is grossly 
insufficient to guide most of the procedures. 
All these factors generate challenges both in the 

development and in the clinical acceptance of 
the therapies. 

However, it is very probable that we will see 
multiple successful devices and procedures intro-
duced into clinical practice in the next 5 years. 
With the introduction of novel therapies, more 
patients will become eligible for percu taneous 
treatment, in addition, more effective and dura-
ble treatment should become available. The cur-
rent review focuses on the current status of mitral 
valve interventions and on the evolution of this 
treatment.

The unmet need for less invasive 
treatments of mitral valve 
regurgitation
Surgery has achieved very high-quality stan-
dards, with low mortality and excellent long-term 
results, both for mitral repair and replacement 
[1]. Currently, most patients with degenera-
tive mitral valve regurgitation are treated with 
repair, at an early stage of the disease [2]. A vari-
ety of techniques are available to correct mitral 
regurgitation (MR), to accommodate the wide 
variability of the disease and to cover the spec-
trum of anatomical disorders causing degenera-
tive mitral valve regurgitation. In high volume 
centers, minimally invasive procedures are avail-
able, including the closed-chest robotic approach, 
which minimizes the esthetic impact of treatment 
and reduces rehabilitation times. In asymptom-
atic patients, hospital mortality following repair 
is below 1% [1]. However, mortality increases 
with age, comorbidites and in cases of combined 
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procedures. Hospital mortality is higher for 
functional MR (FMR), as well as durability of 
repair is suboptimal [3]. Consequently, prognos-
tic impact is uncertain [4]. As a matter of fact, 
Euro Heart Survey revealed that 50% of patients 
with severe and symptomatic MR are not referred 
to surgery for presumed contraindications [5]. 
Transcatheter valve interventions bring a new 
hope for those patients who are currently denied 
surgery, particularly for those who are inoperable 
or at high risk. In this field a multidisciplinary 
team approach (heart team), including surgeons, 
interventionalists, anesthesiologists and clinical 
cardiologists, has been proven successful and 
demanded by recent recommendations. 

Transcatheter mitral valve interventions are the 
natural evolution of surgery towards less-invasive 
solutions [6] to better treat high-risk patients as well 
as to enable early correction of valvular disease [7]. 
Some diseases traditionally approached with surgi-
cal treatment are already treated with an interven-
tional approach. A good example is mitral stenosis. 
Currently, in western countries, closed and open 
mitral valve commissurotomy is rarely performed 
as it has been replaced by catheter-based balloon 
valvuloplasty. Valvuloplasty is reproducing sur-
gical commissurotomy, with the advantage of 
real-time echocardiographic guidance to support 
decision-making. Image guidance brings a new 
dimension in the treatment of valve disease, allow-
ing correction under physiologic conditions, and 
real-time verification of the effects of therapy. 

As MitraClip™ (Abbott Vascular Inc., CA, 
USA) achieved the first 5000 procedures per-
formed worldwide in March 2012, a similar 
 evolution should be expected for the treatment 
of MR.

A variety of different technologies are at differ-
ent stages of development. A classification is dif-
ficult and cannot be complete at this time. Most 
technologies are based upon surgical techniques, 
while a minority are based on novel concepts. 
The latter approach is an attempt to simplify, to 
make procedures more reproducible, although 
demonstration of effectiveness is more challeng-
ing in the absence of a surgical background. 
Generally, transcatheter mitral devices should 
be divided in repair and replacement technolo-
gies. In the repair group, another classification 
should be made between leaflet, annular and 
ventricular repair.

Repair technologies acting at the 
leaflet level
The MitraClip system is available in Europe as 
the only certified device to treat both degenera-
tive mitral valve regurgitation and FMR (Figure 1). 
The device has been designed to reproduce the 
Alfieri technique [8], a surgical method to treat 
MR by suturing the free edge of the leaflets at the 
origin of the regurgitant jet. MitraClip therapy 
has been delivered to more than 5500 patients 
worldwide. The EVEREST was started in the 
USA after the first-in-man experience to evalu-
ate safety and efficacy of the device [9]. Three 
cohorts of patients are included in the study: the 
EVEREST I feasibility cohort, the EVEREST II 
pivotal cohort [10] and the EVEREST II ran-
domized trial. In addition, patients with a high-
risk profile who had been excluded from the 
EVEREST trial (being nonsurgical candidates) 

Figure 1. The MitraClip™ (Abbott Vascular 
Inc., CA, USA) device. (A) The implant is 
connected at the end of the delivery system 
and includes two movable arms and grippers. 
The leaflets are engaged between the arms and 
the grippers. (B) 3D echocardiography enables 
safe and effective guidance throughout the 
procedure, in this image, the operator has a 
clear confirmation that the clip is oriented 
perpendicular to the line of coaptation and is in 
the middle of the valve.
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have been enrolled in the high-risk registry [11]. 
Overall, the EVEREST trial demonstrated that 
MitraClip therapy is feasible and carries a lower 
risk than surgery in surgical candidates; however, 
surgery is more effective than the MitraClip in 
reducing the degree of MR. However, MitraClip 
reached noninferior clinical outcomes up to 
3 years from the index procedure. Nevertheless, 
it must be mentioned that the EVEREST trial 
had several limitations and results are not appli-
cable to the current patient population under-
going MitraClip procedures. For this reason, a 
number of registries and new studies are currently 
in progress. 

With increasing experience, early and late 
outcomes are reproducible and predictable, and 
the procedure is performed in a more expedi-
tious fashion. The procedure is performed 
under general anesthesia and is mostly guided 
by t ransesophageal echocardiography. 

The main advantage of MitraClip is its ver-
satility. It can be applied to both degenerative 
and FMR with good results. However, patient 
selection is crucial: the best candidates have a 
central MR jet, with limited inter commissural 
extension (Figure 2). The wider the jet, the greater 
the need for multiple clip implantation and the 
risk of residual MR or to induce mitral stenosis. 
In addition, commissural lesions are less ideal, 
although expert operators are now treating them. 
In cases involving prolapsing leaflets, the dis-
tance between the free edge of the prolapse and 
the opposing healthy leaflet (flail gap) should be 
limited to allow grasping. For FMR, coaptation 

depth and length have been used for patient 
selection in the EVEREST trial, but are rarely 
felt as an absolute contraindication in current 
practice [12].

In our experience at San Raffaele Hospital 
(Milan, Italy), 77% of patients who under-
went MitraClip procedure have anatomical or 
functional criteria beyond the limits described 
in the EVEREST trial [13]. The most typical 
criteria that are not met in the real world are 
co aptation depth and ejection fraction. Most 
patients treated have a very low ejection frac-
tion and severely tethered leaflets. In our experi-
ence, the latter conditions are not associated with 
early and 1-year outcomes. Also, although most 
patients are at high risk, compared with the typi-
cal EVEREST II randomized controlled trial 
population, the safety profile of the procedure 
has remained excellent. Hospital mortality has 
been below 2%, with 1-year survival of 85%. 
At 1 year, approximately 80% of patients had 
a residual MR grade equal to or lower than 2+, 
and 70% of patients were in the New York Heart 
Association class I or II (as compared with pre-
procedural prevalence of 70% of patients being 
in class III or IV). Few anatomical contra-
indications remain in our experience: leaflet 
calcifications (in the target segments), not pli-
able leaflets (as for rheumatic disease), wide pro-
lapse (more than 20 mm) in patients with small 
annulus or large flail gap (although this can be 
sometimes corrected with advanced techniques). 

In patients with degenerative disease and unfa-
vorable anatomy for MitraClip, a good alternative 

EVEREST trial anatomic eligibility

• Sufficient leaflet 
  tissue for mechanical 
  coaptation

• Nonrheumatic/endocarditic 
  valve morphology

• Protocol anatomic 
  exclusions
      – Flail gap >10 mm
      – Flail width >15 mm
      – LVIDs >55 mm
      – Coaptation depth >10 mm
      – Coaptation length <2 mm

Coaptation
length
≥2 mm

Flail
gap
≤10 mm

Flail width
≤15 mm

Coaptation
depth
≤10 mm

Figure 2. EVEREST selection criteria for MitraClip™ (Abbott Vascular Inc., CA, USA).
LVID: Left ventricular internal dimension. 
Adapted with permission from [10].
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could be transcatheter neochordae implantation. 
Several devices are under d evelopment in this 
field, using a variety of approaches. 

Neochordae implantation is a very common 
method to treat prolapsing lesions in open-heart 
surgery. Its adoption rate has increased signifi-
cantly in surgery during the last 10 years, due 
to a potential advantage in coaptation surface 
(respecting rather than resecting coaptation tis-
sue), and due to enhanced feasibility in mini-
mally invasive approaches. Neochord Inc. (MN, 
USA) has developed a suture device to implant 
neochords on the beating heart with a trans-
apical approach [14]. The device has a proprietary 
method to grasp leaflets and to confirm appropri-
ate leaflet incorporation using a fiber optic feed-
back method (Figure 3). The procedure is guided 
by transesophageal echocardiography (similar to 
MitraClip), using both 2D and 3D views. Once 
the free edge of the prolapsing segment is grasped, 
a polytetrafluoroethylene suture is pierced into it 
and then carried externally, through the apex. 
The prolapse is corrected under echo guidance, 
by tethering the implanted suture to the appro-
priate length. Usually two or more sutures are 
used to treat prolapse and are secured to the apex 
with pledgets. The device is under evaluation in 
the TACT trial.

Other technologies are under development 
for treating leaf let lesions with neochordae. 
ValtechCardio (Or Yehuda, Israel) is working on 
a sutureless adjustable device, potentially adapt-
able for transcatheter procedures, to enable mini-
mally invasive mitral valve repair with neochords: 
the v-chordal system [15]. This device has been 
designed to deliver adjustable length neochordae 
using a sutureless implant in the tip of the pap-
illary muscle, delivering a couple of adjustable 
length sutures (polytetrafluoro ethylene covered) 
that are attached to the free edge of the prolapsing 

leaflet. The device is currently under clinical study 
and open-heart implant followed by adjustment 
on the beating heart after discontinuation from 
cardiopulmonary by-pass. Off-pump adjust-
ment is expected to improve surgical outcomes 
by enabling optimization of neochordae length 
under physiologic conditions as opposed to cur-
rent techniques, where the surgeon has to guess 
neochordae length either by visual assessment or 
by pre operative evaluation. Further developments 
will enable total  percutaneous implant. 

Edwards Lifesciences Corporation (CA, USA) 
developed a suture-based technology (currently 
on hold) named the Mobius that allowed leaflet 
capturing by suction and subsequent piercing 
with a polyproylene suture. The Mobius device 
has been tested in a clinical trial to enable dou-
ble orifice technique, and in preclinical trials 
for transapical neochordae implantation. The 
technology has not been developed further due 
to durability issues in the clinical trial [16].

MitraFlex™ is a device which combines neo-
chordae implantation with leaflet approximation 
according to the edge-to-edge procedure. The 
device is developed by Transcardiac Therapeutics 
(GA, USA) and is based on a transapical 
approach. 

Treatment of prolapsing lesions includes plica-
tion devices to fold the prolapsing segment of a 
leaflet as opposed to resection. Leaflet folding 
is rarely used in surgery today; however, it was 
described in the past with satisfactory results. 
As an alternative, the redundant tissue associ-
ated with prolapsing lesions can be ablated 
with radiofrequency Thermocool Smarttouch® 
(Cordis Corporation, NJ, USA) in an attempt to 
remodel leaflet surface and enable better coapta-
tion. The technology platform has been devel-
oped on a transfemoral retrograde approach to 
the mitral valve. 

Figure 3. Neochord device. The device is designed to grasp leaflets from a transapical approach 
with a proprietary optical feedback system. (A) Once the leaflets are grasped, (B) a suture is 
incorporated in the free edge and tensioned from the apex to correct prolapse. 
Courtesy of NeoChord Inc. (MN, USA).
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An innovative concept working at the leaf-
let level, with no surgical precedent, is the 
Percu-Pro™ (Cardiosolutions, MA, USA) device, 
a mitral valve spacer device consisting on an api-
cal anchor and tether with a balloon inflated 
inside the mitral valve orifice with the intention 
of occupying the effective orifice area. This device 
should be delivered with a transfemoral transeptal 
approach.

Repair technologies acting at the 
annular level
Whatever leaflet repair technique is adopted in 
surgical practice, annuloplasty is routinely added 
to the repair to enhance short- and long-term 
outcomes. Annuloplasty is associated with lon-
ger durability and lack of annuloplasty is an 
incremental risk factor for reintervention and 
recurrent MR following repair, either for con-
ventional techniques or for the edge-to-edge 
procedure. 

Therefore, lack of viable annuloplasty devices 
is felt as an important unmet need in the field 
of percutaneous mitral valve interventions, and 
several devices are under development, using a 
wide variety of technologies and approaches. 

Coronary sinus implants have been the first 
technologies developed and tested in clinical 
trials. The coronary sinus lies in close vicin-
ity to the posterior mitral annulus, a device 
implanted herein has the potential to induce 
annular dimension changes. This approach is 
expected to be safer and simpler than others, 
although early experience has not been satisfac-
tory in most cases. Three main devices have been 
assessed. The MONARC (Edwards Lifesciences, 
Corporation) is a Nitinol self-expanding device 
with two stents joined by a tension bridge seg-
ment designed to foreshorten over 3–4 weeks, 
due to progressive absorption of biocompat-
ible beads embedded in the cells of the Nitinol 
bridge. The foreshortening of the bridge would 
approximate the two stents and such movement 
would be transferred to the coronary sinus and 
the nearby mitral annulus. MONARC has been 
tested in the safety and efficacy EVOLUTION 
trial. A total of 72 patients were enrolled at eight 
centers The MONARC device was implanted 
in 59 patients (82%). The primary safety end 
point (freedom from death, tamponade or myo-
cardial infarction at 30 days) was met in 91% 
of patients at 30 days and in 82% at 1 year. 
Computed tomography documented crossing 
of the great cardiac vein over the circumflex 
artery in 55% of patients and was associated with 
coronary artery compression in 15 patients and 

myocardial infarction in two patients (3.4%). 
At 12 months, any degree of reduction in MR 
grade was observed only in 50% of patients [17]. 
The main limitation of the MONARC design 
has been the delayed foreshortening. Originally 
conceptualized to improve safety and efficacy by 
reducing the risk of device embolization, delayed 
bridge shortening impeded intraoperative recog-
nition of device success, as well as risk of coro-
nary occlusion. These objectives are met with 
the Carillon™ device (Cardiac Dimensions, 
WA, USA), a Nitinol wire with distal and proxi-
mal anchors connected by an intervening cable 
designed for acute coronary sinus foreshorten-
ing. The real-time effect on coronary sinus and 
mitral annulus allows intraprocedural guid-
ance and identification of responders, as well 
as ruling out the risk of coronary compression. 
The device has been tested in the AMADEUS 
trial [18], which enrolled 48 patients with 
 moderate-to-severe FMR, an ejection fraction 
<40% and a 6 min walking distance between 
150 and 450 m. Eighteen patients did not 
receive a device because of access issues, insuf-
ficient acute FMR reduction or coronary artery 
compromise. In the remaining 30 patients, at 
6 months, there was a demonstration of a slight 
improvement of MR degree but associated with 
functional improvement (6-min walking dis-
tance improvement). More recently, Siminiak 
et al. reported the outcomes of the TITAN trial, 
where patients in whom the device was placed 
then acutely recaptured for clinical reasons 
served as a comparator group [19]. In this trial, 
36 patients received a permanent implant and 
17 had the device recaptured. Compared with 
the control, the implanted cohort demonstrated 
significant reductions in FMR and reduction in 
left ventricular volumes, compared with progres-
sive left ventricular dilation in the comparator. 
The device received the CE mark and it is cur-
rently available for clinical use in Europe. A 
third device, the PTMA™ (Viacor, MA, USA) 
has been implanted in clinical trials, but is not 
yet available for clinical use [20]. The device is 
implanted permanently in the coronary sinus, 
with a subcutaneous access port located in the 
jugular vein. Thin alloy rods can be inserted 
into the implant through this port to reshape 
the permanent implant and generate annular 
remodeling. Recently, some concerns about 
the safety of the device have been reported [21], 
although the device has been demonstrated to be 
efficacious in selected patients, with evidence of 
sustained reduction of the septalateral annular 
dimension [20].
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As the EVOLUTION trial was discontin-
ued due to suboptimal results, there has been 
discouragement around the coronary sinus 
approach. But the recent evidence accumu-
lated with the TRITON trial bring some hope 
for this approach, which could be more easily 
applicable in selected heart failure patients due 
to its intrinsic simplicity as compared with more 
complex procedures including the MitraClip 
implant. However, coronary sinus anatomy 
could restrict applicability of this approach in 
up to 50% of patients with FMR, due to the 
risk of coronary compressions, and due to the 
unfavorable location of the coronary sinus (lack 
of anatomical continuity between coronary 
sinus and mitral annulus) [22,23]. In addition, 
the anterior aspect of the annulus cannot be 
addressed with a  coronary sinus approach. 

To overcome these limitations, great efforts 
have been made to develop direct annuloplasty 
methods, more closely reproducing surgical 
annular remodeling (Figure 4). Three techno-
logies are being developed to achieve direct 
annuloplasty. Mitralign (MA, USA) has devel-
oped a system for selective annular plication 
with a retrograde transarterial approach. A 
delivery catheter is inserted into the left ven-
tricle from an arterial approach. The tip of the 
catheter is positioned under the annulus, at 
the hinge of the posterior leaflet. The catheter 
design (Bident) is such that as it is positioned 
at the intended location, it transforms into a 
Y-shape, to deliver a pair of anchors. Using 
radiofrequency, the annulus is perforated from 
the ventricular to the atrial side, taking care to 
avoid any leaflet lesion. A pair of pledgets on 
both sides of the annulus are delivered a few 

millimeters apart using the Bident delivery sys-
tem. Then the two pledgets are approximated 
using a cinching tether attached to each pledget 
on the ventricular side. Ideally, the procedure 
is carried out on two segments of the posterior 
annulus, on both sides of the medial scallop 
(P2) to reduce a nnular dimensions. 

Guided Delivery Systems (CA, USA) is 
developing the AccuCinch® device, a cinching 
device implanted in the subvalvar area between 
the annulus and the base of the papillary mus-
cles, with a retrograde approach. The procedure 
is guided mostly by fluoroscopy. A specially 
designed guiding catheter is introduced in the 
subannular space, and delivers a sequence of 
anchors, connected by a cable. At the end of the 
implant (ideally distributed from commissure to 
commissure), the anchors are cinched by pulling 
on the cable, under echo guidance. As the desired 
annular remodeling is achieved, the t ethering 
cable is secured and cut to hold tension. 

Both Mitralign and Guided Delivery Systems 
have limited clinical experience, and have under-
gone some technology iterations to improve per-
formance of the device. New generation devices 
are currently under clinical trial. 

ValtechCardio is developing the Cardioband™ 
transfemoral and direct access systems. 
Cardioband is the closest percutaneous replica 
of a surgical anuloplasty device. With a suture-
less approach, a Dacron band is implanted 
from commissure to commissure either with 
a direct approach or with a transfemoral, anti-
grade approach (involving transseptal punture). 
Following implantation, the Dacron band is 
cinched under echo-guidance to obtain up to 
40% linear reduction of the annulus. The direct 

Mitralign Bident (MA, USA)

• Arterial access

• Transannular cinching

• Segmental annular
  remodeling

Guided Delivery Systems
AccuCinch® (CA, USA)

• Arterial access

• Subannular cinching

• Posterior annulus
  remodeling

ValtechCardio band
(Or Yehuda, Israel)

• Venous access

• Annular fixation

• Posterior annulus
  remodeling and support

Figure 4. Devices under development for treatment of annular dilatation by means of 
direct annuloplasty approach.
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atrial approach device is currently under clini-
cal trial [24], while the percutaneous version has 
completed the preclinical studies and is expected 
to start clinical trials in the last quarter of 2012. 
The main advantage of Cardioband compared 
with any other transcatheter annuloplasty device 
is that it most closely reproduces the shape and 
function of surgical annuloplasty rings, there-
fore, efficacy is predicted to be similar to what 
is achievable with surgical annuloplasty. Also, 
a surgical version of the transcatheter device is 
expected to be developed to enable faster and 
more reproducible minimally invasive surgical 
implantation owing to the sutureless technology 
method of annular fixation. 

Other annular remodeling approaches include 
the use of energy (radiofrequency and ultra-
sounds) to induce shrinkage of annular collagen 
[25,26]. Although preclinical experience has been 
promising, initial clinical experience seems to 
be less satisfactory. 

Overall, the development of effective solutions 
for annular remodeling will be an important 
adjunct to MitraClip in the armamentarium for 
treating patients with a percutaneous approach. 
The addition of annuloplasty is expected to 
expand the indications, to improve early out-
comes, as well as to expand durability. Potentially, 
when annuloplasty will become available, percu-
taneous mitral repair could become available to 
the majority of patients, and it could become a 
real alternative to open heart surgery.

Mitral valve transcatheter 
implantation 
Currently, mitral valve replacement is an option 
for those patients with a failing surgical pros-
tehsis undergoing valve-in-valve or valve-in-ring 
procedures using a transcatheter aortic valve 
prosthesis (Figure 5) [27–29].

To complete the portfolio of treatment 
options, mitral valve implantation in the native 

anatomy is also developing, although not yet 
performed in humans. There are several chal-
lenges to bring this therapy into clinical prac-
tice. Mitral valve anatomy and physiology is 
very different from the aortic valve, making 
technologies used for TAVI scarcely useful in 
the mitral space. Compared with the aortic 
valve, the mitral valve is anatomically larger. 
This implies the use of larger devices, which 
will require bulkier delivery systems. However, 
more importantly, anchoring of such devices 
seems to be a major challenge. Radial force 
fixation and anchoring is probably not feasible 
for several reasons. Firstly, due to the size of 
the native annulus, very large devices should 
be required to obtain enough radial force. In 
addition, a device using radial force to anchor 
itself to the mitral annulus could induce aortic 
valve dysfunction, left ventricular outflow tract 
obstruction as well as potential for annular ero-
sions. Another challenge is the asymmetric and 
dynamic features of the mitral valve appara-
tus, which could require asymmetric devices, 
requiring orientation at the time of implant. 
Finally, if perivalvular leakage is relatively well 
tolerated following aortic valve implantation, 
in the case of mitral valve implantation, this 
could be associated with greater hemodynamic 
consequences, as well as with a higher risk of 
hemolysis. 

Despite these challenges, several devices are 
under development and will become available in 
the future. Extensive preclinical work has dem-
onstrated feasibility of mitral valve implantation 
with different approaches [30–32]. 

Conclusion & future perspective
The next 5 years will bring a number of inno-
vative solutions for transcatheter mitral valve 
interventions ranging from mitral valve repair 
to mitral replacement. Current indications for 
transcatheter valve interventions will be revised, 

Figure 5. Valve-in-valve and valve-in-ring procedures. (A) Valve-in-valve. (B) Valve-in-ring.
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Executive summary

Mitral valve interventions: unmet needs & challenges
 � Mitral valve anatomy and physiology is very complex. Mitral valve disease is a dynamic entity, with large variability. Consequently, mitral 

valve interventions require multiple solutions to accomplish for individual variability. 
 � Imaging is key in this field, where a combination of fluoro ad echo based guidance is needed.
 � The Euro Heart Survey revealed that 50% of patients with severe and symptomatic mitral regurgitation are not referred to surgery. 

Transcatheter valve interventions bring a new hope for those patients who are currently denied surgery.

MitraClip™ (Abbott Vascular Inc., CA, USA): the current solution for high risk & inoperable patients with mitral 
regurgitation
 � MitraClip™ is the first therapy clinically available in Europe. With increasing experience, early and late outcomes are reproducible and 

predictable, and the procedure is performed in a more expeditious fashion. The procedure is performed under general anesthesia and is 
mostly guided by transesophageal echocardiography. Results appear to be durable over time, with more than three out of four patients 
experiencing a sustained clinical benefit. 

Future developments of mitral valve interventions
 � Annuloplasty devices include both indirect (mainly through the coronary sinus) and direct approaches, simulating the surgical procedure 

of annular remodeling and reshaping. 
 � Mitral valve replacement represents a major challenge. Delivery, anchoring and sealing are more difficult than for the aortic valve, due to 

the size differences and to the more dynamic and asymmetric anatomy of the mitral valve.
 � Despite the challenges, mitral interventions will develop in the next 5–10 years. Evolution of transcatheter procedures will also influence 

further improvements in surgical outcomes, thanks to crossfertilization and incorporation of interventional features and technologies 
into surgical tools. 

and more treatment options will become avail-
able for patients that are not currently being 
considered for surgical therapy. Advanced imag-
ing will be instrumental for the development 
of these technologies, both for screening and 
selection of appropriate device, and for effective 
guidance. Evolution of transcatheter procedures 
will also influence further improvements in 
surgical outcomes, thanks to crossfertilization 
and incorporation of interventional features and 
technologies into surgical tools. However, for 
the time being, while we wait for more reliable 
data supporting these therapies, surgery should 

be still considered the gold standard for the 
treatment of mitral disease whenever feasible.
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